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ABSTRACT 

Despite recent science education reform documents citing evolution as a core concept to 

be taught in grades K-12, research shows problems with how it is currently taught. Evolution is 

often avoided, teachers minimize its importance within biology, infuse misconceptions, and/or 

interject non-scientific ideologies into lessons. My research focused on how teachers in two 

geographically and culturally distinct school districts in the southwestern U.S. negotiate 

dilemmas during an evolution unit. One school district was rural and had a large population of 

Mormon students, while the other district was urban, with a large majority Mexican/Mexican-

American students. Using a case study approach, I observed three biology teachers during their 

evolution lessons, interviewed them throughout the unit, co-planned lessons with them, and 

collected artifacts from this unit, including anonymous student work. I also included data from 

four genetics lessons for each teacher to determine if the issues that arose during the evolution 

unit were a result of the general practice of the teacher, or if they were unique to evolution. 

Findings showed teachers’ backgrounds and comfort levels with evolution, in addition to their 

perceptions of community context, affected how they negotiated pedagogical, conceptual, 

political, and cultural dilemmas. This study’s findings will inform in-service teachers’ future 

practice and professional development tools to aid with their teaching – this may include 

methods to negotiate some of the political (e.g. state standards) or cultural (e.g. religious 

resistance) issues inherent to teaching evolution.  
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CHAPTER 1: INTRODUCTION 

Chapter Overview 

 In this chapter, I provide a general overview of the dissertation research study.  I start 

with a discussion of the larger issue of public skepticism toward evolution, legislative attempts to 

thwart the teaching of evolution, and then a brief history of evolution education reform efforts. 

Next, I explain the purpose of the study and the issue’s significance, and then provide an 

overview of the research questions I addressed and the frameworks I used. I end with a 

discussion of the conceptual/empirical tradition of my study and the limitations thereof.  

Statement of the Problem 

Evolution is the unifying concept in biology, and as Dobzhansky (1973, p. 125), a 

distinguished evolutionary geneticist noted, “Nothing in biology makes sense except in the light 

of evolution.” Despite the overwhelming lack of controversy among scientists regarding the 

scientific validity of evolutionary theory, the social controversy that accompanies evolutionary 

theory affects how and if this topic is currently taught in many science classrooms in the United 

States. Public skepticism of evolution is alive and well today.  In a Gallup poll from 2012, 46% 

of Americans held a creationist view that humans were created in their present form during one 

event within the last 10,000 years (this number was at 44% just thirty years prior).  According to 

the same poll, approximately two-thirds of Americans who attend church weekly chose this 

creationist view of human origins, and one-third of all Americans held the view that God guides 

evolutionary processes (‘theistic evolution’). Fifteen percent held a more ‘secular’ view in that 

humans evolved and God had no role in this process (Gallup, 2012). 

Antievolution Legislation in the U.S. 

This skepticism of evolution, and even clear antievolution sentiment by a segment of the 

public, has also been reflected in major legislative documents from the early 1900s to the current 
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day.  Up until 1900, a fervent religious backlash against Darwin’s ideas in the U.S. was, for the 

most part, lacking.  By the early 1900s, evolution was present in science textbooks at the college 

and secondary school levels (Scott, 2009).  However, since a small portion of the population 

attended secondary schools during this time, few where exposed to the concept of evolution.  

With the growth of secondary schools in the U.S. came greater exposure to the topic of 

evolution. This expansion in secondary schools (and therefore exposure to Darwinian ideas) and 

the beginning of the American Protestant fundamentalist movement spurred the first major 

‘wave’ of anti-evolutionary revolts in this country (Larson, 2006; Scott, 2009).      

A famous politician and leader in the fundamentalist movement, William Jennings Bryan, 

(a major player in the Scopes Monkey Trial of 1925) had clear anti-evolution sentiment and 

wanted to rid the schools of this topic altogether. Bryan stated that, “Science to be truly science 

is classified knowledge…..tested by this definition, Darwinism is not science at all; it is guesses 

strung together,” (Larson, 2006, p. 207).  His ideas and others with similar anti-evolution 

stances, in response to the appearance of evolution in the public school curriculum, set the stage 

for the first major law banning evolution in the 20th century, Tennessee’s Butler Act. This act, 

named for a farmer-legislator and Primitive Baptist lay preacher from rural Tennessee, made it a 

misdemeanor for a public school teacher “to teach any theory that denies the story of the Divine 

Creation of man as taught in the Bible, and to teach instead that man has descended from a lower 

order of animal,” (Larson, 2006, p. 210). Although this proposal passed in the Tennessee House 

with no debate, both opponents and proponents of the bill discussed it in the Senate (Larson, 

2006). Virtually no scientists supported this bill, and religious communities had mixed reactions 

– some, such as the fundamentalists, supported the act, while others did not (Scott, 2009). 

Ultimately, however, the Butler Act passed, mostly as a result of public pressure (Scott, 2009), 

and it became illegal to teach evolutionary theory in Tennessee public schools.  
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After the Scopes Trial of 1925, more than 15 states introduced anti-evolution bills 

(Bleckman, 2006) - most of which did not pass.  Mississippi and Arkansas were the only two 

states to pass such bills (Larson, 2006; Scott, 2009). Between the mid-1920s and 1960s, although 

parents became more aware of the possibility of their children being taught evolution in public 

schools, few teachers or textbooks addressed the topic of the origin of living things (Larson, 

2006; Scott, 2009). Approximately 70% of classrooms in the U.S. rid the curriculum of evolution 

altogether by 1930 (Scott, 2009).  However, as a result of the Soviet Union’s 1957 launch of 

Sputnik, education experts in the U.S. re-examined the state of science education in the country 

(Bleckman, 2006; Scott, 2009). Consequently, the National Science Foundation (NSF) 

established the Biological Sciences Curriculum Study (BSCS) that created three science 

textbooks, all of which emphasized the role of evolution as a major concept in the biology 

curriculum. Evolution was now prominent in public science education, and back again in the 

public eye (Scott, 2009).   

The anti-evolution camps started to shift their strategy in the 1960s and beyond - it was 

clear that science was now a more powerful and trusted source in American society than it was in 

the 1920s. In the landmark 1968 Epperson v. Arkansas case, an Arkansas teacher sued the state 

(and won) arguing that the state statute prohibiting the teaching of evolution was 

unconstitutional. This post-Scopes watershed ruling made it illegal to ban the teaching of 

evolution (Scott, 2009). By the 1970s, the antievolution camps’ strategy began to morph – no 

longer could they ban the teaching of evolution altogether. Rather, it was time for another 

approach. This time, several grassroots efforts began to instill the idea of allowing ‘equal time’ 

to both evolution science and ‘creation science’ in the classroom. At least twenty-seven states, 

including Arkansas (which was the first state to pass such a bill in 1981), introduced legislation 

that promoted such a strategy. The bill, Arkansas Act 590, clearly defined ‘creation science’ and 
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‘evolution science’ in the context of how both should be given equal time in the classroom.  The 

American Civil Liberties Union (ACLU), religious leaders, and educational organizations 

strongly opposed this bill; consequently, in Mclean vs. Arkansas Board of Education (1982), the 

court decided that Arkansas Act 590 was unconstitutional – stating that ‘creation science’ is not 

science (Scott, 2009).  

In 1981, Louisiana moved in a similar direction as Arkansas originally had regarding the 

‘equal time’ issue in public schools, and passed a law similar to that of the Arkansas Act 590 – 

called the Louisiana Creationism Act.  This bill introduced creation science and evolution 

science as both deserving of equal time in the classroom (Matsumura & Mead, 2007). In 1985, 

the federal district court ruled the Louisiana measure unconstitutional due to the introduction of 

religious views into public schools; a mere two years later, the Supreme Court agreed with the 

decision (Scott, 2009) in the Edwards v. Aguillard case. After 1987, a handful of cases were 

brought to the courts in the 1990s over the teaching of evolution in public schools, each of which 

approached the topic from a different angle (Matsumura & Mead, 2007).  

In 1997, Louisiana was back in the spotlight via Freiler v. Tangipahoa Parish Board of 

Education, which challenged a 1994 law that required teachers to read a disclaimer aloud prior to 

teaching evolutionary theory (Scott, 2009). The disclaimer was designed to undermine the 

legitimacy of teaching evolution and it introduced a new strategy into the antievolution 

movement – using rhetoric that implied that opposing evolution represented critical thinking. 

Such jargon is prevalent in more recent legislative documents as well.  Using this language is 

one of many creationist tactics to undermine the teaching of evolution (Forrest, 2010). 

Ultimately, the courts ruled that the disclaimer promoted religious ideas, and the notion that 

promoting religion as science would help develop students’ critical thinking (in the 

antievolutionists’ vernacular) was bogus (Matsumura & Mead, 2007; Scott, 2009). 
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The new millennium brought with it new tactics by antievolutionists.  Evolution could 

not be banned from the classroom, and giving equal time to creation science and evolution 

science was unconstitutional. As such, one of the next tactics antievolutionists used focused on 

terminology inherent to the study of evolution science. More specifically, they were now trying 

to instill the idea that evolution was ‘just’ a theory, not a fact. In Selman v. Cobb (2005), a group 

of parents near Atlanta, Georgia (Cobb County), sued the school district for placing warning 

stickers on biology textbooks that cautioned students that evolution was a theory and not a fact. 

The parents stated that public money was being used to make these stickers, the words of which 

espoused the beliefs of religious conservatives in the county (Scott, 2009). In 2005, the courts 

ruled that the stickers were in fact unconstitutional, and were removed from the textbooks.  As 

such, it became illegal to place disclaimers (warning students that evolution is just a theory and 

not a fact) on science textbooks or to orally denigrate evolution in any manner in Cobb County 

schools (Matsumura & Mead, 2007; Scott, 2009).   

As a result of another loss in the courtroom, antievolutionists recalibrated their strategy 

yet again. In Dover, Pennsylvania, in 2005, a group of parents and the ACLU, brought forth a 

lawsuit against the school board for promoting intelligent design (ID) in the classroom. The 

schools were using a textbook called Pandas and People, which promoted ID concepts and 

replaced earlier creation science textbooks. All biology teachers were required to read a 

disclaimer to their classes about how ID is different from Darwin’s approach, and how students 

should “keep an open mind,” (Matsumura & Mead, 2007, para. 10; Scott, 2009; p. 147).  In 

Kitzmiller et al vs Dover (2005), Judge John E. Jones III ruled that ID is grounded in religion, 

and not science, and is therefore unconstitutional (Forrest, 2010; Mervis, 2006; Scott, 2009).   

 Since the Kitzmiller decision resulted in schools not being able to teach ID because it is 

not science, the newest approach is to disguise ID as ‘academic freedom’ (Forrest, 2010). In 
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2007, the Discovery Institute (the ‘research’ center of the ID movement) introduced the “Model 

Academic Freedom Statute on Evolution,” of which different forms were introduced that same 

year in six different states (Forrest, 2010).  A common thread among these and current academic 

freedom-type bills (at least forty of which were introduced in 13 states from 2004-2011 alone 

[National Center for Science Education, 2009]) is the use of language such as infusing “strengths 

and weaknesses” of scientific theories (such as evolution) and allowing for “critical analysis” of 

such topics in the science classroom (Forrest, 2010; National Center for Science Education, 

2008). These acts call for a “full range of scientific views regarding biological and chemical 

evolution…providing employment and tenure protection against discrimination for any public 

school teacher…related to the presentation of such information,” (Discovery Institute, 2007).  

The proponents of such legislation believe that ideas (ID, etc.) other than those currently 

accepted by the scientific community are indeed scientific, and thus merit inclusion in the 

classroom. 

Antievolution Legislation in Arizona 

 The history of antievolution legislation in Arizona mirrors that which took place in the 

rest of the country from the 1920s up to today. Arizona’s political conservatism, more generally, 

has provided fertile ground for discussion over the teaching of evolution in public schools 

(Webb, 1981). For example, in 1927, Reverend R.S. Beal of Tucson’s First Baptist Church, 

started a drive for a law in Arizona that was similar to the Butler Act of 1925, attempting to 

outlaw the teaching of evolution. He rejected evolution as a science, but instead, categorized it as 

a religion that, “…humanizes God and defies humanity,” (Webb, 1981, p.139). This attempt at 

legislation never gained much ground, and similar to the rest of the country, Arizona lost interest 

in this issue for a while (Webb, 1981).  
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 Similar to the rest of the U.S., the 1960s saw a resurgence over the evolution debate in 

Arizona public schools. Phoenix area schools were one of the testing grounds for the BSCS 

biology curricula that were published post-Sputnik.  Some parents spoke out against the 

emphasis of evolution in science classes. For example, in 1963, a Phoenix parent asked the state 

board of education if his student could leave class during the evolution discussion – the board 

shifted responsibility to the local school district, and ultimately, the parent was allowed to excuse 

his student from this unit. However, some of the fiercest opposition stemmed from three 

Mormon Stake Presidents, including Junius E. Driggs, who wrote letters opposing the teaching 

of evolution to the local school superintendent, and to the Arizona Republic newspaper. In the 

latter, he stated that the teaching of evolution “is a very dangerous situation and in view of the 

fact that the theory has not been established as a fact, we think it should not be taught in 

schools,” (Webb, 1981, p.141-142.). The school superintendent responded to this opposition by 

stating that students were not required to take the course where evolution was taught, and that 

they were not expected to “believe” it if they did enroll (Webb, 1981). Additionally, in 1964 and 

1965, the Arizona State Legislature saw the introduction of two bills similar to one another 

(House Bill 301 and Senate Bill 172, respectively), both requiring equal time for the teaching of 

evolution and divine creation, neither of which passed (Webb, 1981; Wilhelm, 1978).  

From the 1970s until today, resistance to teaching evolution has continued to be alive and 

well in Arizona. In 1976, a Republican Congressman, John Conlan, sponsored an 

antievolutionary amendment to the National Defense Education Act. This amendment would 

“…prohibit federal funding of any curriculum project with evolutionary content or implications,” 

(Moore, Decker, & Cotner, 2009, p.277). This passed the house, but was defeated in the Senate 

(Moore et al., 2009). Later, in 2004, around the same time as the Kitzmiller ID case in Dover, 

Pennsylvania, Arizona’s state board of education was lobbied (unsuccessfully) to include an 
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order for science teachers to discuss intelligent design in the state science standards (National 

Center for Science Education, 2013). As recently as 2013, Arizona introduced an antiscience bill, 

Senate Bill 1213, with similar academic freedom type prose as was introduced in other bills in 

the U.S., but it died and was never enacted (National Center for Science Education, 2013). 

Educational Problem 

Despite several legislative attempts to thwart the teaching of evolution in public schools 

in Arizona and the rest of the U.S., recent educational reform documents highlighted the 

importance of teaching this topic. The National Science Education Standards (NSES) (National 

Research Council, 1996), and the Benchmarks for Science Literacy, developed by the American 

Association for the Advancement of Science (AAAS) in 1993, have both emphasized the 

teaching of evolution in science classrooms.  More recently, the Next Generation Science 

Standards (NGSS) – which are based on the Framework for K-12 Science Education and 

replaced the NSES – underscore the need for change in science education due to advances in 

scientific research and knowledge of how students learn science (National Research Council, 

2012).  The NGSS are unique in that they stress evolution as a core concept throughout grades K-

12 (National Research Council, 2011).                    

Although science education reform documents exist that emphasize the importance of 

teaching evolution in biology classrooms, recent research has shown that many teachers avoid 

the topic altogether, only teach the tested concepts within evolution, minimize the importance of 

this unifying theme of biology (Berkman & Plutzer, 2010), and/or infuse misconceptions into 

lessons (Smith, 2010). If evolution is taught at all in science classes, the topics are limited in 

scope, focusing more on microevolutionary processes (at the species level – e.g. only teaching 

natural selection), rather than emphasizing macroevolution (e.g. speciation).  When educators 

(e.g. teachers, curriculum developers, etc.) leave out major components of evolutionary theory, 
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this results in an incomplete and/or incorrect understanding of the evolutionary process (Catley, 

2006).   

Berkman and Plutzer (2010) found that many science educators do not teach evolution 

well due to their lack of content knowledge and/or comfort level with teaching this concept.  

They also showed that teachers’ personal beliefs not only influence instruction, but also have a 

stronger impact than other factors they examined (e.g. certification to teach, credit hours in 

biology).  As such, some teachers discuss non-scientific concepts, such as ID and/or creationism, 

during their science instruction (Berkman & Plutzer, 2010). Along similar lines, Goldston and 

Kyzer (2009) found that how evolution is taught in high school classrooms is dependent upon the 

teachers’ and their students’ religious beliefs, acceptance of evolution, and how they viewed 

potential conflict that could arise in their community as a result of teaching evolution.   

These research findings indicate that there are major problems with how evolution is 

taught in this country (if it is taught at all in certain places); it is an issue that stems from several 

factors, many of which I addressed in my own research. I argue that it is crucial for the general 

population as a whole, and most importantly, the science teachers who educate youth, to become 

informed citizens who understand the evolutionary issues that impact human activities in the 

natural world (Evans, 2008). For example, understanding how human bacteria evolve in response 

to overuse of antibiotics is important when making decisions about pharmaceutical use during a 

doctor’s visit. Or, decisions to get a different flu shot each year is based on a better 

comprehension of virus evolution. When people decide which produce to buy at the grocery 

store, an understanding of the increased use of chemicals in agriculture is important. The overuse 

of pesticides in some areas has caused the evolution of pesticide resistant insects, and as such, 

some fruits and vegetables may be less ‘clean’ than others. An individual’s understanding of 

concepts within macroevolution, such as the extinction or generation of new species, can have 



28 

 

implications for conservation efforts of habitats worldwide. As inhabitants of the biosphere, we 

have the potential to irrevocably damage habitats through our actions if we do not understand the 

biology that is the basis of these systems. Preparing teachers who teach scientifically-based 

concepts, not infused with ideology, will help create more of a scientifically literate populace. A 

better educated public will be more prepared to make scientifically-based and health related 

decisions about themselves, their families, and the world around them.  

Purpose of the Study 

The history of legislative reforms in Arizona and the U.S. more broadly, shows that 

issues with the teaching of evolution in public schools are not going away anytime soon, despite 

the overwhelming support by scientists for the strength of this theory, its contributions to 

science, and its importance in science curriculum. Clearly, there is a need to better understand 

how teachers respond to these complexities when teaching evolution. Most of the studies on 

teaching evolution examine this practice via surveys and interviews, rather than through an in-

depth case study approach (Berkman & Plutzer 2010; Donnelly & Boone, 2007; Fowler & 

Meisels, 2010; Rutledge & Mitchell, 2002; Rutledge & Warden, 2000; Trani, 2004).  Goldston 

and Kyzer’s (2009) work (which I will review in chapter two) is one of the few case studies on 

teaching evolution. They use a sociocultural lens, and recommend that more case studies on 

teaching evolution employ a similar perspective to gain further insight into the complexities of 

practice. Additionally, there are few studies that specifically address the teaching of evolution in 

Arizona.  

Given this hole in the literature and the need to learn more about the practice of teaching 

evolution, the purpose of my research is to explore the complexities of teaching evolution in high 

school biology classrooms in southern Arizona. These include, but are not limited to, what 

concepts are taught during a unit on evolution, the tools the teacher uses to teach this unit, and 
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the factors, both internal and external to the school (e.g. community, religiosity of students, etc.) 

that may affect how, when and if evolution is taught. As such, the conceptual, pedagogical, 

cultural, and political dilemmas of practice were studied from a sociocultural lens. I chose two 

high schools in two culturally and geographically distinct communities in Tucson, and analyzed 

three teachers (one at a rural school and two at the same urban school) via a case study approach.   

Due to the scope of the study, only two communities, and therefore two high schools, 

were included - one of which is located in a community with a large Mexican/Mexican American 

population. Although the specific religious demographics of these students are not currently 

known, a recent Pew Survey (2014a) cited a shift away from Catholicism for a large portion of 

this country’s Latino population. Almost one-fourth of Latinos in the U.S. consider themselves 

Protestant, while a good portion of those identified as such considers themselves evangelical. 

Historically, Protestant evangelicals have been one of the strongest opponents of evolution, 

citing the literal interpretation of the Bible instead (Scott, 2009).  

The second location for my study is in a largely White community, comprised of many 

individuals who ascribe to the Mormon (also known as Latter-Day Saint, or LDS) faith, 

(Anonymous Biology Teacher, personal communication, 2014). Both of these communities are 

unique in that no literature currently exists on teaching evolution within either 

Mexican/Mexican-American or Mormon populations of students. The latter of which has 

historically espoused both conservative values along with conservative leaders, similar to 

conservative Protestants (K. Smith, personal communication, July 2014), but has never been 

studied in the context of teaching evolution. Additionally, documents show a mix of reactions by 

LDS individuals to evolution – for example, in both 1909 and 1925, Presidents from the Church 

of Jesus Christ of Latter-Day Saints released public statements on evolution. During both of 

these declarations, they stated, “Man is the child of God, formed in the divine image and 
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endowed with divine attributes” (Pew Research on Religion and Public Life Project, 2014b). 

Both of these declarations carried with them an antievolution rhetoric. However, several others, 

including a Biology Professor from Brigham Young University, Duane Jeffery, and a Physics 

Professor from Utah Valley State College, both agree that the church does not espouse a firm 

position on evolution (Eddington, 2006).  

Ultimately, this study has the potential to contribute to the further development of science 

teacher preparation programs to help improve the state of evolution education in Arizona and in 

the rest of the U.S. A better understanding of this teaching practice in the context of communities 

never previously studied for this purpose can only aid preparation programs in Arizona and states 

with similar issues. Results may also inform in-service teachers and administrators who could 

use my findings to help navigate the complexities (including the teaching of evolutionary content 

in a resistant atmosphere) that may exist in their classrooms and schools. Future policy in science 

education may also be informed by this research at the state, local, and national levels.      

Research Questions 

 Given the importance of learning more about the dilemmas that teachers of evolution face 

in Arizona, I asked the following research questions for my study: 

1. How do high school biology teachers in two different communities in Arizona teach a unit 

on evolution? 

a. What, if any, dilemmas of practice arise for teachers during a unit on evolution? 

b. How do teachers negotiate the dilemmas during a unit on evolution? 

c. Do the stakeholders in the school community (principals, parents) influence 

teachers’ negotiation of these dilemmas of practice? If so, in what ways? 
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Conceptual/Empirical Tradition of the Study 

My study is grounded in a constructivist worldview/approach to qualitative research.  

More specifically, it is based on social constructivism, the idea that people look to understand the 

environment in which they live and work every day, and then create their own meanings of their 

experiences.  As such, the generation of meanings individuals make out of situations is social 

due to their daily interactions with others around them. Researchers who have a constructivist 

worldview primarily use participants’ views of their experience under study.  As a result, 

research and interview questions should be broad enough to accommodate participants’ 

construction of a particular situation.  Ultimately, the researcher examines the interactions 

between individuals in a situation and looks at the context to better understand the cultural 

setting(s) in which the study takes place.  The constructivist researcher also includes his/her own 

experiences as a part of the data interpretation process (Creswell, 2014). 

My dissertation study will contribute to the work of social constructivist research in 

several ways.  My focus is on how teachers negotiate the various dilemmas that are an inherent 

part of teaching evolution.  By completing interviews with teachers and religious experts, and 

allowing them to speak with me informally at any time, my focus was on their view points and 

the meaning(s) they make of the classroom and the community in which the school is located.  

Additionally, observing the interactions between students and teachers during class time, any 

interactions between the participant teacher and other science teachers in the school, examining 

student work, in addition to interviewing a religious expert, allowed me to better understand the 

cultural setting of the school. This cultural (and political) context ultimately affects how and if 

evolution is taught.  
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Limitations 

Marshall and Rossman (2011) discuss how all research projects have limitations, as no 

perfect research design exists. This research study included three teachers in one city in the 

southwestern United States – it is likely that the verbalizations and actions by a few individuals 

are not representative of every biology teacher and community member in the country.  The 

schools in this study are unique in that they represent a community of Latter-Day Saints 

individuals on one-hand (who are not common in every city in America), and Mexican/Mexican-

American communities in a city close to Mexico.  The uniqueness of these communities helps us 

better understand the complexities of evolution education; however, they may not represent the 

views/ideas of the rest of the country.  
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CHAPTER 2 – LITERATURE REVIEW 

Chapter Overview 

In this chapter, I argue for a new approach for examining the teaching of evolution in 

biology classrooms.  I discuss how Windschitl’s (2002) negotiation of dilemmas framework can 

be used as a conceptual tool to better understand the teaching of evolution. In doing so, I use a 

broader sociocultural lens as a theoretical framework, which will both inform and elucidate these 

dilemmas.  Initially, I discuss sociocultural theory more generally, and then examine its role vis-

à-vis science education.  Next, I summarize pertinent literature on the current status of teaching 

of evolution in the U.S.  I conclude with a summary of this literature, including the gaps, areas to 

build on for future study, and implications for my own dissertation research.   

Sociocultural Theory 

One of Vygotsky’s (1978) seminal pieces discussed learning as a social activity, rather 

than an individual process. In classrooms, more specifically, teachers should make knowledge 

available for students on a ‘social plane.’  Children learn through interactions with not only one 

another, but also with objects and events that take place in the classroom.  As such, the 

community, or context has an influence on how individuals make meaning (Vygotsky, 1978).  

This early work provides a basis for which theorists built on to discuss sociocultural theory more 

specifically in many educational subfields, including that of science education.   

In creating an argument for a framework of learning based on a sociocultural view, 

O’Loughlin (1992) does so first by critiquing the concept of constructivism.  Many proponents 

of this latter framework use Piaget’s theory as their foundation, which is based on the idea that 

individuals construct their own interpretations of events around them.  How individuals’ schemes 

evolve is a result of successively more complex interactions with the world.  According to 

Piaget’s theory, intellectual adaptation is a “dialectical balance between processes of assimilation 
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and accommodation,” (O’Loughlin, 1992, p. 794).  As such, constructivism is considered student 

centered, and based on active, yet solitary, learning.  However, O’Loughlin (1992) argues that 

since this construct ignores the social and historical situated nature of knowing, in addition to the 

physical contexts and subjectivity of the learner, constructivism is limited in its usefulness for 

reform efforts in science education.  

As an alternative, O’Loughlin (1992) proposes a different approach to teaching and 

learning based on a sociocultural framework, grounding many of his ideas on works of Lave 

(1988) and Wertsch (1991).  O’Loughlin (1992) stresses how this approach is not a rejection of 

constructivism altogether, but rather, is a form thereof grounded in a sociocultural view of the 

world.  He argues that learning is situated in context and that knowledge is socially constructed; 

this view of learning will ultimately lead to genuine ownership of ideas by students.  Individuals 

bring to the classroom cultural knowledge that affects their understandings, and therefore, must 

be considered.  His argument places emphasis on Lave’s (1988) concept of dialogical meaning 

making of activities by individuals in socially, culturally, politically, and historically situated 

contexts. Additionally, this meaning making is a result of the dialectical interaction between the 

person acting, the activity, and the setting, all in a given context.   

O’Loughlin (1992) builds on these ideas by discussing Wertsch’s (1992) work as well.  

Wertsch’s (1992) view of sociocultural learning places language at the epicenter of the meaning 

making process for an individual – how we communicate and interpret experiences are 

“culturally constituted because they are based on language forms that are social in origin,” 

(O’Loughlin, 1992, p. 811).  As such, how individuals make meaning of experiences is not an 

isolated individualistic activity; rather, it results from the person and the tools/languages he/she 

uses in a particular situation.  O’Loughlin (1992) also stresses the importance of focusing on 

forms of discourse in the classroom – are classrooms focused on teacher-centered discourse 
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where student voice is silenced, or alternatively, do they allow for dialogical meaning making by 

the student where he/she plays an active role in constructing knowledge?   

Lemke (2001) also focuses on sociocultural theory in science education, and builds on 

O’Loughlin’s (1992) work more generally.  Initially, Lemke (2001) describes more broadly what 

it means to view science education from a sociocultural lens –it “means viewing science, science 

education, and research on science education as human social activities conducted within 

institutional and cultural frameworks,” (p. 296).  Building on Vygotsky’s (1963) work, Lemke 

(2001) views social interaction as central to learning in a classroom.  Additionally, human 

activity is possible since we all live within larger-scale social institutions and organizations – 

these include, but are not limited to, churches, cities, schools, and families.  Living within these 

institutions/communities provides us tools for sense making.  These tools can be in the form of 

language, belief systems, or specialized discourses and practices that help us make sense of the 

world.  Lemke (2001) argues that when thinking about what matters to the learning of science, 

one needs to contemplate, from the sociocultural lens, the socially learned cultural traditions of 

the discourses and representations that prove useful, more so than examining this from a brain-

based mechanism approach.   

 Lemke (2001) also discusses how sociocultural approaches to science education raise 

unique questions, different from those brought forth by other perspectives.  For example, one 

question is how the subculture of science education fits into the larger cultural ecology of a 

larger community, and with other subcultural systems in which it is aligned or in conflict. 

Additionally, Lemke (2001) poses the question about how science education is as a community 

dependent on economic/political forces outside it, and how it resists/accommodates to this 

dependence.  These two questions of Lemke’s (2001) are interesting as they relate directly to 

issues of my own research on teaching evolution.  When thinking about teaching this unit, 
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contemplating the community in which it is taught (and the religiosity therein, more specifically) 

and the potential conflicts are important to examine.  Additionally, teaching evolution is 

dependent on political forces, and how each teacher/school reacts is unique as well.  Lemke 

(2001) also argues for thinking about science education from more than just a learning 

perspective, but rather, building on sociocultural theory, since science education affects not only 

individuals, but it has political, economic, and cultural implications as well.   

 Lemke (2001) notes that students’ interest in, attitudes toward, and willingness to become 

interested in learning about scientific phenomena are based on many contextual issues.  For 

example, community beliefs, which are deemed as acceptable identities, and potential 

consequences for a student both in and outside of a classroom, will affect his/her decision to 

entertain a concept.  Thinking about the social and cultural options (larger scale contexts) of the 

students will affect this decision.  I build on Lemke’s (2001) ideas by arguing that this type of 

‘buy in’ conceptually is also important for teachers; an idea that was examined in my 

dissertation.   

 Interestingly, Lemke (2001) discusses whether students’ alternative conceptions about 

science and those of the European scientific tradition make up any area of common ground – it is 

possible that what counts as ‘knowledge’ by some students may not equate to that which is 

represented by this scientific tradition.  Lemke (2001) goes on to use the evolution/creationism 

‘debate’ issue as an example.  He views this conflict as a serious example of cultural criterion 

differences about what counts as an explanation and evidence (evolution uses evidence from the 

natural world, while creationists use the literal word of the Bible). Ultimately, he thinks there is 

no accordance between evolutionary biology and ‘fundamentalist religion’ due to these 

differences (Lemke, 2001).   
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Negotiation of Dilemmas 

 This issue of common ground and cultural criterion differences is one of several 

dilemmas biology teachers may deal with when approaching a unit on evolution. Dilemmas are 

defined as “aspects of teachers’ intellectual and lived experiences that prevent theoretical ideals 

of constructivism from being realized in practice in school settings,” (Windschitl, 2002, p.132).  

M. Windschitl analyzes the practice of constructivism, more specifically, by building a 

framework of dilemmas to explain the conceptual, pedagogical, cultural, and political planes of 

teaching in a constructivist manner.  Windschitl (2002) describes ‘constructivism in practice’ as 

involving phenomena across multiple contexts of teaching – this includes contradictions and 

ambiguities that are part of this type of instruction, both of which account for the tensions that 

characterize constructivism.  He emphasizes how this four-part model is a continuum, moving 

from personal concerns of the teacher (conceptual) to the public concerns of the 

school/community (political) – hence, the order of dilemmas above.  Winschitl (2002) also views 

the order as showing an increasing number of participants, moving from conceptual to political, 

with more worldviews/possibilities for change in the latter.  However, teachers deal with each of 

these four parts on a daily basis, and how one might resolve a dilemma in one area may help 

address issues in another category – as such, they are not mutually exclusive.  Ultimately, the 

need for research to address each of these four dilemmas teachers face, rather than focusing on 

one or a few, is crucial to the possibility of new visions of learning.   

Windschitl (2002) outlines in detail the four dilemmas, those of a conceptual, 

pedagogical, cultural, and political nature. When discussing conceptual dilemmas, Windschitl 

(2002) refers to teachers’ attempts to understand the epistemological, psychological, and 

philosophical foundations of constructivism. Within this description, he discusses this dilemma 

of practice as the degree to which teachers understand the concept at hand. Pedagogical 
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dilemmas are described by Windschitl (2002) as the teachers’ approaches to designing learning 

experiences/curriculum that relates to constructivism (and the demands therein) – this includes 

managing new kinds of discourse in the classroom.  Pedagogical dilemmas also include types of 

assessments given, how a teacher masters the facilitation of classroom discussions, and how 

he/she manages new kinds of discourse and collaborative work in the classroom, so students can 

co-construct knowledge with others. Cultural dilemmas are discussed by Windschitl (2002) as 

those that emerge between students and teachers as expectations and roles are reorganized as a 

result of creating a constructivist philosophy/focus/culture in the classroom. This includes 

managing transformation of students’ beliefs in accordance with constructivist norms and taking 

advantage of local knowledge of students with varied cultural backgrounds. Additionally, there is 

a disjuncture between school culture and the lives of students (including student interests, home 

and community culture, etc.) (Windschitl, 2002).  As such, teachers often face dilemmas 

regarding how/whether to take advantage of the local knowledge of students with varied cultural 

backgrounds, or as Moll, Amanti, Neff and Gonzalez (1992) noted, building on funds of 

knowledge. Finally, Windschitl (2002) approaches political dilemmas in the context of how 

teachers confront stakeholder resistance (in the school community) to implement constructivism 

(institutional norms are questioned/routines of authority are disturbed); this also involves 

teachers negotiating with authorities and others to support the idea of teaching in this manner.   

The issues of standardized curriculum and teaching as a result of policymaker decisions (at local 

and national levels) are also important to consider.  This can be seen in school board policies, 

state/district/national standards, and local school curriculum maps.  
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Teaching of Evolution Literature 

Overview 

In the section below, I present an overview of the literature base on evolution instruction 

in science classrooms. I incorporate both conceptual and empirical articles, since both are 

prevalent in the literature. The focus of the literature presented below is on U.S. contexts due to 

the religiosity/cultural factors that are distinct from other countries1. Upon completion of my 

analysis of this literature, it will become clear that teachers of evolution deal with dilemmas, 

those of which are entrenched in, and cannot be separated from, the context in which the 

teaching of evolution occurs. Examining this practice through a negotiation of dilemmas 

conceptual framework, informed by sociocultural theory, will help elucidate dilemmas of 

practice. At the end of this literature discussion, I will also examine any holes that exist in this 

literature base, and connect them to my dissertation work.   

What is currently being taught about evolution?  Much of what we know shows that 

evolution, generally, is not taught in a thorough fashion in classrooms in the U.S. (if at all) 

(Long, 2012). It is often omitted from the biology curricula, or oftentimes the inclusion of non-

scientific ideologies such as creationism/intelligent design is apparent during lessons (Berkman 

& Plutzer, 2010; Moore, 2000; Moore, 2007; Rutledge & Warden, 2000). Rutledge and 

Mitchell’s (2002) survey of over 900 Indiana biology teachers found that 7% avoided the topic 

of evolution altogether, and 36% only briefly mentioned it during class. In Moore’s (2007) study 

examining college students’ high school biology experiences, roughly one-fourth of the students 

stated that their class included concepts under both the evolution and creationism umbrellas.  

                                                
1 Miller, Scott and Okamoto (2006) showed that a low number of Americans accept evolution relative to European 

countries, an important statistic when contemplating what about/if evolution is being taught in U.S. classrooms 

today.  
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Hermann (2013) also notes that there may be few scientific concepts that students have 

preconceived notions about as fervently as they do regarding evolution.  However, this section of 

the paper will focus on the conceptual issues relating to the scientific notions included in classes.  

A reference to the non-scientific ideologies will be discussed in more detail in a later section. 

The topics teachers choose to teach about during an evolution unit usually stem from 

their own conceptual understandings, or just the concepts they want the students to learn.  This is 

shown in how teachers may teach microevolution (at the species level) over macroevolution 

(above the species level) (Berkman & Plutzer, 2012; Catley, 2006; Smith, 2010). The latter 

involves the origin of new species from previous species (Smith, 2010).  As a result, teaching the 

former (via antibiotic resistant bacteria, for example) is less ‘sensitive’ and personal, thereby 

creating a different classroom culture than, say, teaching an example of macroevolution relating 

to Hominids (especially in the context of a religious community).  Additionally, Smith (2010) 

argues that the lack of macroevolution taught in schools is not only a result of the theoretical 

complexity of concepts involved (speciation, etc.), but also the idea that new species come from 

previous ones, is a primary stumbling block for those considered ‘antievolutionists.’ This latter 

group could include teachers, students, and other educational stakeholders in the community.  

One study of teachers’ understanding of evolutionary theory was completed by Rutledge 

and Warden (2000) in Indiana.  The authors provided more than 900 high school biology 

teachers with a multiple choice questionnaire on evolutionary concepts.  Based on the number of 

correct answers, the level of understanding could be ranked from 0 (no understanding of 

evolution) to 21, (a very high level of understanding of evolution). Overall, the results showed 

that teachers had a moderate level of understanding of the theory of evolution.  Concepts within 

this unit that were most difficult for teachers to comprehend included the role of genetic 

variability in natural selection, the date of the first living things on Earth, and radiometric dating.  
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Concepts less difficult to understand include mutations and mechanisms relating to variation.  

The teachers also showed a moderate level of understanding of the nature of science concepts – 

ideas less understood include the tentative nature of scientific knowledge, scientific theories, and 

the goals and limits of science (Rutledge & Warden, 2000).  These results align with Smith’s 

(2010) argument in his review of evolutionary literature, that substantial numbers of teachers 

have limited understandings of evolution, including their understanding of the term ‘theory.’ 

Considering the general public’s misunderstanding of the scientific term ‘theory’ and how it is 

unrelated to the colloquial use, it is quite unsettling that such a large group of teachers do not 

have a clear understanding of this concept.  Additionally, since a science teacher’s role is to 

educate youth about scientific concepts, it is troubling that many only have ‘moderate’ 

understandings of major evolutionary concepts, as opposed to high or very high understandings.   

Although Rutledge and Warden’s (2000) paper shows the concepts within evolution 

teachers may or may not know, the conceptual dilemmas arise when considering what they will 

teach – will they instruct students on ideas that they (the teachers) may not comprehend? Catley 

(2006) argues that most of what we see in high school biology classrooms today under the 

evolution unit umbrella is quite limited in scope.  Evolution instruction has become synonymous 

with natural selection alone; however, this concept is but one of several mechanism of evolution.  

With teachers’ focus limited to these microevolutionary processes, Catley (2006) suggests that 

teachers are therefore limiting the potential for students to understand the larger picture, or 

macroevolution, a key component to understanding evolution in its entirety.  Omitting 

macroevolution equates to excluding ideas of Earth’s history and deep time, and intertwining 

them with mechanisms that generate and maintain the diversity of our planet.  As such, deleting 

these major components of evolutionary theory is tantamount to teachers and students having 
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poor understandings of the entirety of processes that operate at the macro level, with little to no 

comprehension of the history of life on Earth (Catley, 2006).   

Catley’s (2006) arguments align with what Rutledge and Warden (2000) saw in their 

studies of teachers. Recall that concepts within evolution that were more difficult for teachers to 

understand, including those relating to deep time, were discussed by Catley (2006) as absent 

from teaching practices.  However, Rutledge and Warden (2000) showed that concepts more 

easily understood, including variation (which is inherent to teaching the basics of natural 

selection) were abundant in classroom lessons on evolution, as determined by Catley (2006).  

Berkman and Plutzer’s (2012) survey of high school biology teachers nationwide also supported 

these results, showing that 60% of teachers (or as they called them, the ‘cautious middle,’) 

approach evolution by distinguishing between micro- and macroevolution, with an emphasis on 

the former. Ultimately, the decisions by teachers to omit certain concepts from the curriculum, 

and to ‘cherry pick’ those more comprehensible topics, (or less politically controversial ones, 

which I address later), affects the greater issue of scientific literacy. 

How is evolution taught by biology teachers? Examples of pedagogical issues abound 

in the teaching of evolution literature, whether they stem from the language teachers use when 

teaching evolution (Smith, 2010), or in the literature students read.  Textbooks, in addition to 

teachers, can make discourse mistakes, by assigning ‘purpose’ or teleological meaning to 

concepts, or by using anthropomorphizing language (Sinatra, Brem, & Evans 2008; Smith, 

2010). For example, students may learn that insects, such as ants, bring food back to a colony. 

Although it is human nature to reason that they are doing so to fuel the next generation of ants, 

these insects do not ‘think.’  Instead, the ants respond to environmental/internal cues, acquired 

over evolutionary time (Evans, 2008).  Ideas such as ‘adaptation’ and ‘fitness,’ that have specific 

meanings within an evolutionary context, if not explained properly by the teacher, can confuse 
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students and lead to further misconceptions.  Another example is using the phrase ‘survival of 

the fittest’ as analogous to ‘survival of the strongest,’ which is incorrect in scientific terms 

(Andersson & Wallin, 2006).  

Additionally, recent research examined case studies of how high school biology teachers 

pedagogically approach evolution.  In this study, Goldston and Kyzer (2009) differentiated how 

these science teachers approached issues deemed ‘controversial’ by the public (such as 

evolution) and non-controversial issues (e.g. photosynthesis) in their science classrooms.  The 

teachers’ religious beliefs, and level of concern regarding conflict in the classroom, shifted their 

identity as teachers when teaching evolution.  Consequently, they modified their instructional 

practices from how they would normally teach issues of a non-controversial nature.  When 

teaching evolution, most of the teachers used the textbook for legitimacy and as a buffer from 

any potential conflict from outside sources such as administrators or parents (Goldston & Kyzer, 

2009).  As such, one can argue that this pedagogical issue is also intertwined with one of a 

political nature, since the instructional practice was used as a means for protection from any 

backlash.  This concern also overlaps with cultural issues since the religiosity component affects 

the teachers’ pedagogical approaches.  

Griffith and Brem’s (2004) work is also a highly cited piece examining fifteen secondary 

biology teachers’ implementation of evolution units in Arizona.  They identified the sources of 

pressure, the stress that results, and the coping strategies teachers use (in the form of pedagogical 

strategies) to deal with the stressors when teaching a unit on evolution. The responses from 

teachers placed them into three different categories: 1) ‘conflicted’ teachers – they struggle with 

their own beliefs and how their teaching of evolution will impact students; 2) ‘selective’ teachers 

– avoid difficult topics and situations; 3) ‘scientist’ teachers - have no internal stressors and who 

see no place for social issues in their classroom.  The conflicted teacher thinks a lot about how 
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the evolution unit will affect the students.  This is shown by frequently comforting and 

reassuring students during the unit, and worrying about what they do not say in class (most of 

this is imagined by the teacher).  An approach by one such teacher was to have all his students 

write their ‘feelings about evolution at the beginning of the unit.’  The teacher then proceeded to 

read all of these before going forward with the lesson (this is a time consuming strategy that does 

not even include content) (Griffith & Brem, 2004).  

Selective teachers choose particular content to teach during an evolution unit, and change 

their approach to teaching (compared to other topics they teach), which is a similar pedagogical 

strategy found in Goldston and Kyzer’s (2009) study.  For example, some selective teachers will 

not teach human evolution, and avoid the controversy of other topics by just not addressing them 

(this is a common controversy avoidance tactic that was also found by Berkman and Plutzer in 

2010 and 2012).  Teachers in this group were observed lecturing during class, and not using the 

word ‘evolution’ during their teaching.  Other pedagogical strategies employed included 

strategically timing evolution lessons, and using a lot of questioning and review to reduce the 

chance that students will be able to interweave their own interpretation of content into the 

lessons.  Those in the final group, the scientist teachers, have a “love of science,” and feel that 

evolution is essential for science education.  Despite the lack of internal stressors of teachers in 

this group, they exhibited external stress since they feared being thwarted in their attempts to 

teach evolution.  As a result, their coping strategies included clearly defining boundaries between 

science and religion in class, and using precise technical language during lessons (Griffith & 

Brem, 2004).  

What cultural and contextual issues arise when teaching evolution? Both teachers 

and students bring many factors into the classroom, including prior knowledge, beliefs, and 

emotions that are impacted by culture and context (Evans, 2008). Much of the literature 
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regarding cultural conflict and teaching evolution focuses on religious beliefs, centering mainly 

on fundamentalist Protestant Christianity, due to its large role in the resistance to teaching 

evolution in the U.S. (Larson, 2006; Scott, 2009).  This literature also examines how teachers 

negotiate religious ideologies in the classroom, all the while trying to have students understand 

the material, if they (students and/or teachers) do not ‘believe’ it.  Additionally, students will try 

to pressure teachers to talk about their ‘beliefs’ in class, but as Smith (2010) recommends, the 

teacher should not engage in this type of conversation regarding ‘beliefs’ and instead focus on 

scientific content. 

In most classrooms today, a mix of students exists – some of whom see no inherent 

conflict between evolution and their religion, others who choose not to accommodate between 

evolution and their religion, and those who may see tensions, but may be more ‘open’ to 

accommodation (Anderson, 2007).  Many times, however, students think that learning about, or 

believing in evolution equates to rejection of personally held beliefs.  This can result in high 

anxiety situations and almost a crisis-like state in these students (Evans, 2008).  A major issue in 

the classroom deals with how teachers should reconcile the issues of religion and science that are 

an inherent part of the discourse, especially in conservative Christian communities.  Some think 

that the various cultures, worldviews, etc., must be addressed openly in class (Smith 2010). As 

Smith (2010) has also noted, many religious students think that even the slightest notion that they 

are addressing evolution risks them “losing their faith, and even damnation to the fires of 

hell…..any discussion of evolutionary theory as anything other than the work of the devil,” 

(p.561).  However, Smith (2010) also argues that it is necessary for the teacher to ‘convince’ 

students that science and religion are different ways of knowing, with one not being superior to 

the other.  Ultimately, in his reflection about how to teach students evolution, Smith urges 

teachers to remember that their students may not value scientific thinking like the teacher does.  
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As such, as Hokayem and BouJaoude recommended (as cited in Smith, 2010), students may be 

encouraged to “see through the eyes of the course instructor rather than see(ing) eye to eye with 

him,” (p. 413-414).   

Meadows, Doster, and Jackson (2000) talked with seventeen self-identified conservative 

(“orthodox” or “fundamentalist”) Christians who were scientists, science teachers, future science 

teachers, and science teacher educators, to answer the following question: is it possible for 

teachers to resolve conflicting ideas between biological evolution and their personal 

worldviews/ideologies? The focus of their results was on the teachers’ responses (in-service and 

pre-service), which fell into four approaches with dealing with this conflict: 1) being unaware of 

the conflict – these teachers separate science and religious beliefs, and as such, these belief 

systems are contextually based; for example this type of teacher operates according to her 

scientific ‘beliefs’ while in a geology class, but then functions according to religious beliefs 

when participating in church life; this individual can ‘shift’ between the two depending on the 

context; 2) avoiding the conflict – unlike those individuals in category one, these teachers are 

aware of the conflict between evolution and creation; however, they tell their students these two 

views are unrelated, and many times, stress the unproven nature of evolution, as if it is not worth 

‘believing’; 3) being disturbed by the conflict – this was the smallest groups of teachers in the 

study; they experience a state of emotional and cognitive dissonance when confronted with the 

idea that there may be inconsistencies between their religious and evolutionary beliefs; as such, 

they approach this conflict with questions of ‘who wins out’ in the end; and 4) managing the 

conflict – which represent the majority of teachers in this study; they construct mental ideas that 

incorporate some components of evolution with a biblical understanding of creation – this helps 

them resolve inconsistencies – one example is a teacher accepting evolution, given that the ideas 

are not applied to humans. However, they move comfortably between the two belief systems.  



47 

 

Meadows et al. (2000) argue for an approach to teaching evolution that focuses not on 

resolving the conflict, but rather, managing it.  In doing so, teachers can engage in teaching about 

evolution, all the while maintaining the integrity of their religious beliefs. Instead of “preaching 

about evolution,” teachers should expose students to the facts in support of it, in addition to the 

idea of the central role of evolution as a powerful scientific explanation.  Additionally, teachers 

should not force upon the students any type of definite resolution between the two conflicting 

worldviews, as this becomes an extremely personal and difficult task.  

Long’s (2012) work approaches the teaching of evolution from more of a cultural 

perspective.  In alignment with sociocultural theories, he argues that people live in places 

situated in the world and know many things apart from science. As such, Long (2012) believes 

that we need to further examine the epistemologies that conclude that evolution has not taken 

place (e.g. from a ‘creationist view’) and better understand individuals whose community values 

stand against the view of evolution ever occurring.  This is argued in the context that the large 

minority of Americans ascribe to a form of Christian fundamentalism (and make up a portion of 

the teaching workforce and student body in our classrooms today).  Per the Pew (2008) research 

survey, evangelical Christianity continues to grow, with the fundamentalist wing the fastest 

growing percentage of these believers.  Long (2012) argued for the usefulness of ethnography as 

a powerful tool when issues “…crop up when science and religion are wielded as 

epistemological weapons,” (p. 198).  Although he looks at college students (some of whom were 

pre-service teachers), and instructors in introductory biology courses via a phenomenological 

perspective, it can be argued that this work can applied to high school teachers and students since 

both populations are likely to include those with strongly held religious convictions.   

Long (2012) discusses the difficulty of how students and teachers negotiate evolution 

education across ideologies.  One such theme he noticed was what he termed, “creationists 
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experiencing existential anxiety,” (p.203). This was described by the emotions felt and perceived 

marginalization that ‘creationist’ students faced in biology class.  Despite the fact that many of 

these students felt this way, they did not appear challenged pedagogically – as such, they still sat 

in class and did well, academically speaking.  A second theme that Long (2012) finds is that the 

college students learn about the contention over evolution as early as middle school.  Several of 

his interviewees recall classes where teachers either stated that evolution was to be avoided, or 

engaged them in a form of qualification dialogue prior to any evolution class.  Many of their 

secondary school teachers also admitted to being afraid to go too in-depth with evolution due to 

potential conflict with religious students.  When Long asked his pre-service teachers how they 

might teach evolution, one stated that she would have to do so in a way to not offend anyone; 

however, without giving any specifics, this pre-service teacher just stated there would be no easy 

way to approach it.  He also noticed in his interviews that creationist teachers can ‘slide by’ 

unnoticed, thereby creating more of a difficulty for accounting for teachers’ religious influence 

in the classroom.  Through his vignettes, Long (2012) further shows the complexity of the 

process of teaching evolution and many of the cultural issues involved.  How do teachers 

negotiate these dilemmas when they or the students purport to possess ‘the’ one true way of 

knowing?  

What political issues arise when teaching evolution? Since the Scopes trial of the 

1920s, there have been several legal battles between opponents and supporters of evolution for 

what should be taught in classrooms.  Whether it was the Epperson v. Arkansas (1968), Mclean 

vs. Arkansas Board of Education (1982), Edwards v. Aguillard (1987), Kitzmiller vs. Dover 

(2005), or Selman v. Cobb (2005) cases, creationist advocates have lost the legal battle (Berkman 

& Plutzer, 2011). Despite this, political controversies continue, via standards, local school 

boards, and more, about what should be taught.  At the local level, teachers find their dilemmas 
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in the classrooms and surrounding communities, whether it is with standards, tests, or political 

backlash of the community (the latter of which mainly comes from religious components as 

aforementioned).  As Moore (2007) noted, most teachers do not understand the law; many do not 

know it is unconstitutional to teach creationism.  A focus on the teachers’ local political issues, 

which are ultimately driven by national political issues as well, will be discussed below.  In 

Long’s (2012) ethnographic work, he shows that school community is heavily influenced by 

local churches; as a result, I argue that this community/context can have a large impact on 

political decisions (standards, test questions) about what is taught in the classroom – thus making 

the dilemmas the teachers must negotiate even more complex.   

One study on the standards used to teach evolution was completed by Donnelly and 

Boone (2007); the researchers examined high school biology teachers’ use of science standards 

as they related to teaching of evolution in Indiana by giving 229 teachers a survey.  Many used 

standards as a guide for time to teach particular topics, and they found that the majority of the 

teachers (74%) found the standards helpful to plan lessons, but several (70%) also stated that 

these standards limit the depth of coverage of evolution.  An important finding was that a 

majority of the teachers used standards to justify teaching evolution to both parents and 

administrators (63% and 74% respectively).  These results align with Fowler and Meisels’ (2010) 

study of 353 science teachers (high school/middle/elementary), whose surveys and open-ended 

responses showed that 62% of teachers use standards to justify teaching evolution.  Interestingly, 

Donnelly and Boone (2007) also found that their teachers spent on average only 14.3 days 

teaching evolution.  
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Berkman and Plutzer (2012) argue that many states are ‘handling’ evolution better today 

regarding their standards than in the past2; however, there exists fervent pressures from anti-

evolution groups to weaken these standards (e.g. Tennessee’s law enabling teachers to introduce 

anti-evolution materials into class).  States like Missouri have placed an asterisk next to 

evolutionary curriculum deeming it voluntary content, while Maryland includes evolution in its 

state standards, but excludes important information relating to this topic in its tests.  States like 

Indiana, Iowa, Kansas, Kentucky, Michigan and Nebraska, do not even include evolution in their 

curriculum until high school.  The mention of human evolution, more specifically, is also 

missing from several states’ standards - the only states that embrace this topic in their standards 

are Florida, New Hampshire, Iowa, and Rhode Island (Berkman & Plutzer, 2012).   

Berkman and Plutzer’s (2010; 2012) nationwide survey of over 900 ninth and tenth grade 

biology teachers aimed to better understand how they teach evolution and any influences on their 

curriculum and pedagogy.  Sixty percent of teachers, the aforementioned ‘cautious middle,’ used 

a variety of strategies to navigate political pressures/challenges from curriculum expectations, 

students, parents, and school board members.  One common strategy, as mentioned above, was 

to differentiate between micro- and macroevolution. As such, this is not only a conceptual issue, 

but also one of a pedagogical and political nature.  Another ‘controversy avoidance’ strategy of 

these teachers was to teach to the test.  In doing so, teaching only content that aligned with 

specific standards and/or particular state test questions protects them from backlash.  If any 

parent were to question the teaching of evolutionary content, the teacher could point to the 

standards. Teachers in this category can also view evolution content as something the “students 

just need to get through,” (Berkman & Plutzer, 2012, p.21).  In this way, teachers dissociate 

                                                
2 Note: the authors did not take into account the Next Generation Science Standards when making this comment 



51 

 

themselves from the science of evolution by invoking the test.  As a result, this undermines 

evolution in the students’ minds.  Students are not told that evolution needs to be known because 

of the strength of the science behind it; rather, they are often told that they need to know it to 

pass the test.   

Other teachers from this study told students that they do not have to ‘believe’ evolution 

as long as they ‘understand’ the content.  During an informal discussion I had recently with a 

local high school biology teacher (Anonymous Teacher, personal communication, February, 

2014), I learned that he used to introduce evolution by telling the students they did not have to 

‘believe’ it, in order to prevent backlash from them or their parents (he teaches in a religiously 

conservative community).  However, after changing his teaching style by not including this 

disclaimer, he feels as if more students are open to the scientific ideas behind evolution.  One 

teacher in Berkman and Plutzer’s (2012) study stated the following, “I tell my students to learn 

the information for purposes of only passing the state test to graduate,” (p. 21).  This latter point 

aligns with Goldston and Kyzer’s (2009) results showing that what is taught about evolution in 

the southeast U.S. relates to the lack of questions on evolution on graduation exams.  However, 

in this same study, a textbook used in one of the counties had a warning sticker labeling 

evolution as ‘just a theory,’ yet another reminder of the political pressures of teaching evolution.  

Discussion 

In this chapter, I argued for a new framework to better understand dilemmas of practice 

regarding the teaching of evolution.  I discussed how Windschitl’s (2002) dilemmas can be used 

as a conceptual tool when thinking about my own case studies on teaching evolution.  Although 

it is difficult to separate these dilemmas into four distinct categories (conceptual, pedagogical, 

cultural, and political) in the evolution education literature, it is clear that they are apparent in 

this past research (and many times, these dilemmas are intertwined). Consequently, to better 
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understand the entirety of this teaching practice, these four dilemmas should be studied 

simultaneously.  As Meadows et al. (2000 p.102) noted, “biology teachers face the demanding 

challenge of crafting a learning environment that mediates colliding agendas.”  In their work, the 

focus was on differing cultural ideologies; however, I argue that these agendas could be political 

in nature, and/or intertwined with that of conceptual and pedagogical issues as well.  For 

example, a teacher’s pedagogical decision to teach microevolution instead of macroevolution 

may be based on the political backlash from the community, which could include strong 

supporters of creationism.   

When trying to understand how the teachers negotiate these dilemmas in the teaching of 

evolution, it is important to revisit the broader umbrella of sociocultural theory, and how it helps 

inform these issues.  O’Loughlin (1992) discussed the importance of the social and historical 

situated nature of knowing, in addition to the context of the learner.  As we contemplate the 

teaching of evolution, the dilemmas the teachers face are inherently contextualized in the situated 

nature of the students, culture and community.  From the literature discussion above, it is evident 

that the concepts and how they are taught are directly affected by the religiosity and the political 

forces (standards, testing, etc.) that lie therein.  Evolution is unique in the biological sciences for 

being a topic that cannot be better understood by educational researchers unless they have a solid 

understanding of both the content and the context, and how the learners construct their 

knowledge in the classrooms.  O’Loughlin’s (1992) emphasis on language at the center of the 

meaning making process is critical to understanding the teaching of evolution.  Examples of how 

teachers give purpose to particular concepts in evolution, or how they set up discourse on this 

subject (e.g. not allowing students to interject their ideas, or not providing time for student 

questions) can be better understood if we focus on this dialogical meaning making (Lave, 1988) 

in the science classroom context.   
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Additionally, Lemke’s (2001) work directly aligns with O’Loughlin’s (1992) and the 

review of evolution literature above by emphasizing these larger scale institutions which provide 

tools for sense making.  The teachers and students in a biology class arrive at school with belief 

systems that affect their understandings (or how they want to understand) evolution – these 

beliefs may have originated from the churches they attend, and/or the family values that have 

been instilled upon them.  In the literature review above, I have also shown that teachers have 

specialized discourses prepared to help teach evolution; some teachers do this through an ‘avoid 

the controversy’ approach teaching to the test, while others teach evolution via concrete 

scientific terms and have no issue with the scientific basis of evolution.  Lemke (2001) also 

discussed how science education fits within the ecology of the larger community.  In teaching 

evolution, this would equate to the concepts of this unit, how the teacher approaches them, and 

how they align with the locality in which the classroom is situated.  Several of the court cases 

that have resulted from the evolution vs creationism ‘debate’ have stemmed from individuals 

such as school board members or parents – both of whom are important education stakeholders 

in the larger community. 

In this chapter, I argued that sociocultural theory is an excellent lens through which to 

view how teachers negotiate the dilemmas in the teaching of evolution.  Anderson (2007) views 

the teaching of evolution as more than just content – being able to see that understandings are 

socially constructed is something that cannot be ignored.  Despite this call in the literature among 

Anderson (2007) and others (Goldston & Kyzer, 2009; Long, 2012) for more approaches to 

understanding this practice from a sociocultural lens, there are few studies in this area.  

Additionally, much work has examined one factor at a time – for example, a paper may focus 

solely on conceptual understandings of the teacher, or pedagogy, but rarely do papers intertwine 

more than one issue in the teaching of evolution.  As a result, framing these four issues in the 
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teaching of evolution, and how they are negotiated as dilemmas in practice, is a novel approach 

to understanding the complexity of these issues in this specific context.    

Additionally, most of the culturally-based studies on the teaching of evolution do not 

address issues other than religion.  For example, the focus of a paper may be on the 

fundamentalist Christian religiosity of teachers and/or students, but there is very little 

consideration of ethnicity in context as well.  In my dissertation work, the context of my study 

was in communities with large populations of Mexicans and Mexican-American students.  With 

this population comes not only different language, but also different discourse about scientific 

concepts than students who identify as White and American born.  There is also an increasing 

presence of Mexican-Americans aligning with evangelical Christianity in the U.S., which makes 

my context especially unique and interesting – this move toward evangelicalism is occurring in a 

country (the U.S.) that is becoming increasingly linguistically and culturally diverse. 

In studies that approach the issue of religiosity, most focus on conservative 

fundamentalist Christian communities due to their history of resistance to evolution (an 

exception to note are the few studies on Islamic beliefs on the teaching of evolution, most of 

which occur in countries such as Lebanon or Pakistan (Asghar, Wiles, & Alters, 2010; Dagher & 

BouJaoude, 1997)).  However, a second context for my study is in an area of Arizona with a 

large population of Latter-Day Saints (LDS, or Mormon) students and families.  Although they 

have a history of conservative values, I have not encountered a study on the teaching of 

evolution that has included how the LDS community (teachers and/or students) approaches this 

unit in a science classroom. Arizona’s proximity to Utah (where a large population of LDS 

individuals resides) makes this second context quite unique.  

Ultimately, learning more about how teachers negotiate the dilemmas of teaching 

evolution will inform the future work of science teacher educators and in-service teacher 
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educators.  This is in light of the importance for the general population as a whole, and most 

importantly, the science teachers who educate youth, to become informed citizens who 

understand the evolutionary issues that impact human activities in the natural world (Evans, 

2008).  Creating a solid force of teachers who teach scientifically-based concepts, not infused 

with ideology, will help create more of a scientifically literate populace of individuals.  A better 

educated public will be more prepared to make decisions about vaccines, the water they drink, or 

other scientific and health-related issues that surround them. 
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CHAPTER 3: METHODOLOGY 

 

Introduction 

 This chapter will outline the methodology for my dissertation research.  Initially, I will 

revisit my research questions and then delve into the purpose of using case studies for my 

research on teaching evolution.  Next, I will discuss my role as a researcher and any potential 

biases I brought to the data collection and analysis process.  I will then describe the specific tools 

I used to collect and analyze the data, including validity and reliability measures, and how I dealt 

with ethical issues during my research. 

Research Questions 

 Throughout my research, the following questions guided data collection, analysis and 

interpretation: 

1.  How do high school biology teachers in two different communities in Arizona teach a 

unit on evolution? 

a. What, if any, dilemmas of practice arise for teachers during a unit on evolution? 

b. How do teachers negotiate the dilemmas during a unit on evolution? 

c. Do the stakeholders in the school community (principals, parents) influence 

teachers’ negotiation of these dilemmas of practice? If so, in what ways? 

Case Study Methodology 

In examining the conceptual, pedagogical, cultural, and political dilemmas of practice, a 

case study methodology was utilized.  Case studies have increasingly been used as a research 

tool and in a variety of situations; they have helped us better understand the knowledge of 

individual, group, organizational, political, or socially related phenomena.  This approach allows 

the researcher to retain meaningful characteristics of real-life events (e.g. how a neighborhood 

changes, or in my research, how teachers approach evolution).  Case studies should also be used 
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when contextual conditions are pertinent to a study (Yin, 2003) (e.g. community in which 

evolution is taught), and when looking for interactions within a context (Stake, 1995).  

Consequently, they are used to highlight the complexity of a single case, such as that of a teacher 

and how he/she teaches evolution.   Schramm (1971) also notes the importance of using case 

studies when understanding decisions and how they are made.  In my research, the unit of 

analysis, or the case, was the teacher, and via a case study approach, I gained a better 

understanding of the decisions that each teacher made in the context of different schools and 

communities in Arizona. 

A case study methodology should be used when “how” or “why” questions are asked 

about events over which the researcher has little control.  These types of questions usually lend 

themselves to research that is traced over time (such as case studies), rather than measuring 

frequency or incidences of events (Yin, 2003).  As such, in my research, I asked how teachers 

negotiated the potential dilemmas in teaching evolution, and during this research I learned more 

about why they chose these different strategies. This was accomplished via multiple sources of 

evidence characteristic of case studies (Yin, 2003), including observations, interviews, and other 

data collection tools as mentioned below.  These data were collected over sustained periods of 

time (Creswell, 2014) – before the unit began, during the entirety of each teacher’s evolution 

unit, and upon its completion.   

Researcher’s Role 

 Due to the sustained and intensive experiences that are inherent to qualitative research, it 

is important to identify the biases and personal background that may have shaped data collection 

and interpretation (Creswell, 2014).  I am a self-described secular Jewish doctoral candidate 

studying science education at a large university in the southwest.   As a strong supporter of the 

church and state separation in our constitution, I do not advocate the infusion of religious 
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ideologies into the science classroom.  In fact, I think that incorporating such ideas is not only 

bad for science and science education, but also for the scientific literacy of individuals in the 

United States.   

Before starting the doctoral program, I worked in two different careers – as a biologist 

and as a science teacher at the middle school, high school, and college levels.  I earned a 

Master’s degree in biology and gained experience in marine, molecular, and evolutionary 

biology research for several years.  Given my experience in evolution research, I am a clear 

proponent of sound science, especially evolution.  There is nothing about evolution, or even 

science, that I question, in terms of its validity to help individuals better understand themselves 

and the world around them.  I, along with many other scientists, think that evolution is a unifying 

concept in all of biology, and one cannot understand the entirety of biology without a solid 

comprehension of evolution.  It is hard for me to think about how anyone can make decisions 

about vaccines, the food they consume, and antibiotics they may choose to take (along with 

many other decisions), without thinking about how evolution plays a part.  However, there exists 

a large contingency of anti-evolutionists in the U.S. who aim to interject religious ideologies into 

public school science classrooms, where it does not belong. As Scott (2009) noted, one cannot 

just use a blanket statement such as a ‘creationist’ to describe these individuals - there exists a 

continuum of antievolutionists, from flat Earth biblical literalists, to gap creationists, just to name 

a few.  

After working in research, I became a middle and high school biology teacher where I 

included an evolution unit in each of my classes.  However, having taught in Virginia and 

Georgia, I have experience with resistance to teaching this concept – both from students and 

fellow teachers.  Students questioned the evidence of evolution versus the evidence in the Bible, 

while science department chairs recommended this unit be taught for only a few weeks at the end 
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of the year.  As a new female teacher with very little institutional power at each of my teaching 

positions, I did not have much say regarding when I could teach this unit.  If the department 

decided it was going to be taught at the end of the year, right before the state test, then I went 

along with that idea.  However, I constantly questioned the timing of teaching this unit, and the 

approaches used to teach it (e.g. using only the textbook, teaching only natural selection while 

not including Hominid evolution, etc.).  I felt the struggle between teaching evolution how I 

wanted to, by infusing real-life examples from my past research, and taking the controversy 

avoidance approach that the schools outlined.   

These personal experiences with religion, research, and teaching all affected how I 

approached my research.  Although I have a clear bias in how I think evolution should be taught, 

I understand that the participants in my study may not feel the same way.  Given this, I 

approached interviews and observations with an open eye, all the while realizing that it was not 

possible to merely ‘set aside’ my values/beliefs in this type of research (Guba & Lincoln, 1982). 

A constructivist inquiry cannot be neutral or free of bias (Guba & Lincoln, 1989). It was 

important for me to acknowledge my thoughts, biases, etc. when approaching this research, 

rather than trying to methodologically control them (Guba & Lincoln, 1982). However, I took 

measures to mitigate these biases which included, but were not limited to, using reliability 

measures, such as member checks, triangulating data sources, and allowing for rich, thick 

descriptions in my results write-up.  

Ethical Considerations 

Given the sensitive nature of my topic, I dealt with a variety of ethical issues during my 

study. Due to restrictions from the administrators at both school districts, my Institutional 

Review Board (IRB) approval included interactions only with teachers, and not students. As 

such, I focused on the words and actions of the teachers during my entire research project, and 
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was not allowed to speak with students for interviews or include any of their words in my final 

analysis. However, I was given permission to obtain anonymous student work, as long as any 

student identifier was blacked out by the teacher prior to their providing me with copies.  

 During the study, I observed the teachers and interviewed them in the least invasive way 

possible (Creswell, 2014).  I only interviewed teachers when they had available time, making 

certain not to infringe upon their class time or other duties at school.  The co-planning sessions 

also provided an ethical dimension – so frequently, teachers feel that they are objects of research, 

and do not often see a direct benefit from the research to their own practice. Structured co-

planning sessions facilitated an opportunity in which teacher participants could seek professional 

support (if requested) related to the teaching of evolution, in the form of the researcher as a 

“critical friend.” During co-planning, I found a mutually beneficial way to explore this unique 

methodological approach so as to respect the space of the teachers, and engage in productive 

discussions. 

As a result of a grant I received, I was able to pay my teachers during this project - this 

type of reciprocity encouraged their participation since I, as the researcher, was indebted to the 

participants. As much as we try not to disrupt the routine of our participants during research, this 

inherently happens. Additionally, participants ‘tolerate’ and are ‘giving of themselves’ during 

projects (Marshall & Rossman, 2011, p.121), which are additional reasons to reciprocate for their 

participation. Furthermore, I emphasized to the participants throughout my project that their 

identity would remain anonymous and their privacy was respected (I used pseudonyms for each 

participant) (Creswell, 2014).    
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Data Collection 

Setting and Participants  

Setting. My study took place in two high schools in a city in the southwestern United 

States. I chose high school over middle school since evolution is more likely to appear in the 

former due to the one-year class on biology.  Middle school science classrooms in Arizona tend 

to mix disciplines (life, physical, and earth science) in one year.  As a result, it is unlikely that 

entire units on evolution are taught – and if they are, they are given a cursory examination. The 

two communities, and therefore different high schools, which I included in this study, were 

chosen based on their distinct cultural and geographic differences from one another. Goldston 

and Kyzer (2009) used a similar approach in choosing two distinct schools in their case study 

research on teachers of evolution in the southeastern United States.  One high school in my study 

is located in an urban area, and whose student and community population is largely Mexican and 

Mexican American (as discussed in chapter one).  The second high school is approximately 

twenty minutes west of this urban area, located in a rural area.  The student and community 

population is primarily White, with a large population affiliated with the Latter-Day Saints 

(LDS, or Mormon) religion (Anonymous biology teacher, personal communication, 2014).  Both 

of these high schools are relatively easy to travel to, and their contexts are unique (Stake, 1995) – 

this latter point is important to contemplate when thinking about how my results will add to the 

literature on the practice of teaching evolution.  The timing of the evolution unit at each of these 

schools was an important consideration as well – the teachers at the urban school taught 

evolution toward the end of the spring semester (March-May), while the teacher at the rural 

school started teaching it toward the middle of the spring semester (February-March).  This was 

helpful for data collection purposes, easing the number of trips I took to these two schools in one 

day and/or week.  
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Participant selection. Participants in this study were chosen with no intention of 

generalization.  In case studies, one goal is to pick cases that will maximize what we what we 

can learn (Stake, 1995). As will be described below, the teachers were chosen on the basis of 

convenience - a large sample of teachers who I originally contacted regarding my study (and 

who did not respond to my initial inquiry) likely did not want to discuss and/or be observed 

teaching evolution. This is a result of the inherent sensitive and ‘controversial’ nature of this 

topic as deemed by many, including science teachers. Despite this, the teachers and other 

participants who chose to be involved in this project helped me better understand the larger issue 

of how dilemmas are negotiated during an evolution unit in public high school biology 

classrooms – as such, they helped maximize what I aimed to learn about teaching evolution.  

Since I am not from Arizona, I did not have any long-standing personal relationships with 

any of the teachers who participated in my study. To find potential teachers for my research, 

starting in 2013, I contacted science teacher education faculty at my university who knew 

biology teachers in the Tucson area, and specifically in the two districts I included in my study.  

From there, I emailed several teachers in both districts who were recommended by these faculty 

members.  In this initial email, I told the teachers about my general interest in learning how 

teachers approach evolution in Arizona; however, I did not divulge my specific interest in 

potentially including them as participants in my study.  From the very few who responded from 

both districts, I visited their classes at least once to talk to them about how they approached this 

unit, and I also saw a few teach a lesson on evolution (the year prior to my dissertation research).   

Before I officially recruited the teachers for my study, and prior to obtaining IRB 

approval, I sought the support of gatekeepers who provided me with access to the schools 

(Creswell, 2014).  In May 2013, I contacted both school districts where I eventually conducted 

my research. The administrative assistant at the rural district stated that my approved IRB 
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application must be sent to the Assistant Superintendent as an application to do research in their 

district. I sent my approved IRB, and one teacher’s written verification of interest to participate, 

to the rural district’s office. Soon thereafter, my project was approved by the Assistant 

Superintendent. 

The Administrative Assistant at the urban district put me in touch via email with the 

Assistant Superintendent. I emailed him a brief overview of my research plans including the 

benefits to his district and the teachers, and then we subsequently spoke on the phone. I told him 

how I had previously interacted with a few biology teachers at his high school, and as a result, he 

asked me to secure their interest in my project before proceeding with board approval. I emailed 

two teachers I had been in contact with during the year, and they mentioned their interest in 

participating. After I emailed the Assistant Superintendent regarding the teachers’ interest, 

within a few days he wrote an official letter acknowledging his acceptance of my research in his 

district. He sent this letter to the two teacher participants and the Principal of the high school, the 

latter of which I emailed soon thereafter. The purpose of this email to the Principal was to 

introduce myself, and to provide him with my contact information should he have any questions 

about the project.  In my communications with both the Assistant Superintendent and the 

Principal, I offered to provide a written overview of my research results upon completion of the 

project. Additionally, I offered to talk to teachers/Principals about my findings, or even aid with 

science professional development in the future. Marshall and Rossman (2011) discuss the 

importance of such reciprocity when doing qualitative research – this should extend to the 

teachers in addition to the school and district levels if necessary.  

The teacher participant from the rural district, Jane, is an experienced secondary teacher 

(having taught over 10 years at this same school, but only a few years in the biology discipline), 

and serves as the Science Department Head. At the urban school district where I secured 
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approval, one teacher participant, Ben, has a Master’s in Biology, and whose research was in the 

field of evolutionary biology. However, he had only taught for two years (this included the year 

of my project), so he is considered an inexperienced teacher. The second teacher at this same 

urban school, Diane, had three years of teaching experience (only two in biology) and 

undergraduate degrees in biology and art.   

Since issues relating to cultural/religious resistance arose only in the rural district during 

my study, I contacted a university-based religious expert to shed light on these matters. As such, 

this interview was included as a peer debriefing to help validate my findings. Due to the large 

population of Mormon students at the rural school, I contacted an expert in this field of religious 

studies who was a former Mormon himself. In Kyzer’s (2004) study, she determined that 

interviews with religious leaders were needed to elucidate issues of resistance that arose during a 

teacher’s evolution unit. As such, interviewing similar individuals in my study (religious experts 

rather than religious leaders) helped clarify the cultural factors affecting this practice.  

Sources of Data 

Multiple sources of data were collected including classroom observations, field notes 

during these observations (Appendix B), research memos upon completion of observations, 

interviews (Appendices C & D), informal conversations with participants, co-planning sessions, 

and collection of artifacts. Data were collected during observations of both evolution and 

genetics lessons – these latter observations were included as a basis of comparison. Examining 

the genetics unit, which is of comparable complexity to that of evolution, helped determine if the 

issues that arose during the evolution unit were a result of the general practice of the teacher, or 

if they were unique to evolution. As Patton (2002) noted, observations of situations (such as that 

of a classroom) allow the researcher to better comprehend the complexities, rather than a sole 

focus on interviews. Sources of interview questions stemmed from Goldston and Kyzer’s (2009) 
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work, Seidman’s (2006) recommendations for interviews, prior informal exchanges with biology 

teachers, and this project’s research questions. All data sources aligned strictly with the research 

questions (Appendix A).  

 Classroom observations. When a researcher engages in qualitative observations, she 

notes the behaviors and activities of individuals at the research site (Creswell, 2014).  For my 

observations, I noted any interactions that occurred between teachers and students, and the 

activities that took place in the classroom during evolution and genetics lessons.  For each 

teacher, I observed the same class period for each observation to keep the data consistent. For the 

two teachers at the urban district, I observed class periods that were back-to-back, allowing me 

to collect data over a short period of time in one day.  

The number of evolution observations I completed varied per teacher, and was based on 

the total number of lessons each chose to teach during this unit. I observed nineteen evolution 

lessons in Jane’s classroom, each of which lasted for approximately fifty minutes (the length of a 

class period) on a daily basis. At the urban school, I observed fifteen evolution lessons in Ben’s 

classroom, and eleven lessons in Diane’s classroom. Classes at the urban school met daily for 

approximately fifty-five minutes. I observed four non-sequential genetics lessons over a two 

week period of time for each of the three teachers. This unit directly preceded evolution for all 

teachers. I video and audio recorded each of the genetics and evolution lessons I observed using 

a camcorder and a back-up audio recorder.  The teacher also had a microphone on his/her 

clothing during each lesson so I could focus on the words of the teacher and not the students.  I 

transcribed only the salient segments of classroom observations using a Word program and 

Express Scribe.   

While I observed each lesson, I took detailed field notes on my computer.  The field notes 

template has three columns: the time, events taking place, and questions/comments.  This third 
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column helped me think about questions I wanted to ask the teacher during follow-up interviews.  

My previous use of this exact template on other research projects proved useful for data 

collection and reflection. Examples of events I recorded included types of questions asked by the 

teachers, instructional practices (e.g. group work, lecture), and anything of note relating to my 

research questions.  I also included specific moments from the video as reference where I 

eventually went revisited for transcription purposes – an example was a teacher’s distinct 

omission or inclusion of particular concepts within evolution (e.g. teaching about antibiotic 

resistance but not human evolution), or how a teacher negotiated issues of resistance from 

students. Ultimately, these notes consisted of thick, rich descriptions of the classroom events, 

which provided the foundation for analysis and reporting (Patton, 2002).   

 Interviews. For each teacher, I completed an interview once prior to their genetics unit, 

once just prior to and once a week during the evolution unit (Goldston & Kyzer, 2009), and upon 

completion of the evolution unit.  Interviewing teachers before the genetics unit in more of a 

structured format informed me about the teachers’ background and experiences, the 

demographics of their schools (Goldston & Kyzer, 2009), the goals of the unit, and any potential 

dilemmas or struggles they anticipated going into the unit. Seidman (2006) recommends 

focusing the first interview on the individual’s life history which includes probing about their 

experiences in light of the topic at hand (teaching evolution). Interviewing teachers upon 

completion of the evolution unit in a semi-structured format helped me determine if the goals 

and struggles described prior to the unit aligned, and how the teacher reflected on the teaching of 

evolution itself. Semi-structured interviews contain open-ended questions, and are intended to 

elicit views and opinions from participants (Creswell, 2014). Seidman (2006) discusses how the 

final interview should be a reflection of the meaning of their experiences – in this case, it related 

to their units on evolution.  
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I interviewed each teacher in person for approximately thirty minutes to one hour after 

the last lesson of each week of the evolution unit. At that time, we discussed multiple lessons and 

they reflected on events that occurred in the classroom.  The questions I asked were similar from 

week to week, and included, but were not limited to their thoughts on student learning/questions, 

lessons/activities, and any assessments (formative or summative) given that week.  Since new 

concepts and issues arose each week, the interview changed accordingly.  I also used my field 

notes from the week’s lessons as a basis for questions during weekly interviews. I audio recorded 

all interviews and transcribed them using a Word program and Express Scribe.  I also took 

informal notes during these interviews to help me recall major ideas that arose.   

Since there were issues of a religious nature in the rural school that required clarification, 

I interviewed an expert in Mormon studies who is a former Mormon himself. Per IRB guidelines, 

Dr. Karen Seat, one of my dissertation committee members, reached out to this expert about my 

project. He then contacted me expressing interest in talking with me further. Soon thereafter, we 

met in-person for an interview that lasted for one and a half hours. During this discussion, I 

gained further information on Mormon beliefs, practices, and their views on evolution generally. 

I also asked him to elucidate issues I noticed in the classroom at my rural study site.  I audio 

taped this interview, and transcribed it using a Word program and Express Scribe. I also took 

detailed notes during this interview. Several weeks after the interview, we engaged in several 

email exchanges that clarified statements he made in the initial interview.  

 Informal discussions. In addition to formal interviews with teachers, I engaged in more 

informal (non-video/audio taped) conversations with the teachers both before and after class.  

After I left each school for the day, I immediately typed notes from any informal conversations 

since they were not recorded. On occasion, I emailed the teacher participants to clarify 

observations, interviews, or other thoughts during my project. Both of these forms of informal 
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discussion aided in my better understanding of the teaching of evolution at the schools in my 

study.   

 Lesson planning. Although I asked all teachers if I could participate in lesson planning 

during both genetics and evolution, only two of the teachers invited me to join them during this 

time. I co-planned with Jane twice during her evolution unit, and once with the Diane, during her 

evolution as well. Ben informed me that he rarely planned, and he intended to use the previous 

year’s lessons for his current genetics and evolution units. During the co-planning sessions with 

Diane and Jane, I asked them questions about the materials they chose, and other pertinent 

information regarding this process. These type of data allowed me to better understand the 

teachers’ lesson planning process, including any struggles they faced. The teachers rarely ask my 

advice on pedagogy or content; rather, they focused on explaining the tools they used and how 

they planned to implement them. I audio taped each co-planning session, and took informal 

notes. I transcribed all sessions using a Word program and Express Script.  

These co-planning data are unique in that there are no studies in evolution education that 

involve the researcher in the lesson planning process during data collection.  As such, this study 

contributes to the methodology literature on evolution education, in that it is the first to involve 

the researcher as participant-observer. This method of collecting data, where the researcher is not 

merely the passive observer, has been used in case studies, but primarily when cultural or social 

groups are studied (Yin, 2014). In my current study, during the co-planning of evolution lessons, 

researcher and participant distinctions were blurred, as both I and the teacher worked to question 

his/her practice as we planned, made changes, and examined the effects of these changes 

(Marshall & Rossman, 2011).  

Research memos.  Upon completion of each day’s work at a school, when I returned 

home, I wrote a research memo for each school experience. Glesne (2011) believes the act of 
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only recording observations and interview notes is not enough in qualitative research– as a result, 

he recommends the researcher writes memos as well. When I observed two different teachers at 

the same urban school on one day, I made certain to reflect in these memos separately. Either 

way, these research memos were my personal reflections on the day’s events at each school. I 

used these memos to reflect upon my interaction with teachers, and any other individuals that 

aided in my understanding of how evolution was taught at these schools. These reflections 

included my interactions with texts, such as lesson plans, textbooks, and student work. I also 

wrote future questions for participants, and any major thoughts or conclusions I took away from 

the day’s event at the school. Memo writing has shown to free a researcher’s mind for new 

thoughts and perspectives, and as such, the analysis process begins (Glesne, 2011).    

 Artifacts. In addition to class observations and interviews, I collected artifacts to gain 

insight into the teaching of evolution at both schools. This type of written evidence represents 

data to which all participants have given attention; they are also unobtrusive sources of 

information that aided my study. Unlike audio or video recordings that were transcribed, artifacts 

have the advantage of being accessed at any time (Creswell, 2014). 

I collected all lessons generated by the teachers (both electronic and hard copies, the 

latter of which I scanned) for each class period they taught evolution and genetics. This included 

presentations, laboratories, and other activities used in class by the teachers. I also collected any 

type of formative and/or summative assessment templates given to the students, and discussed 

results of these with the teacher if time allowed. Additionally, I asked the teachers to provide me 

with copies of student work at the end of each week of each unit, or as often as the teacher had 

time. The amount of student work I acquired varied by teacher, with Jane providing me with the 

most student work, and on a weekly basis, to Diane who sent me the least amount of work and 

less often.  
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The teachers anonymized the work by blacking out the student’s name prior to giving me 

a copy. It was not important to me if the work that was turned in was graded, since I examined 

the student responses; however, if the teacher provided written feedback on student work, I used 

it for analysis. This student work showed how the students responded to the teacher’s lesson; this 

was an important item to collect since I did not interview students during this project. As such, 

work in the form of laboratory write ups, responses to bell work questions, and any other type of 

written work that was turned in to the teacher, provided clues to how students interpreted lessons 

on evolution.  

I collected photocopies of any activities/worksheets and/or pages in the book that were 

used during class or as student homework. If the teacher used a poster, anything on the wall of 

the class, or wrote notes on the board as a part of a lesson, I photographed this artifact and 

considered it during data analysis. I also included relevant school district, state, and national 

standards regarding the teaching of evolution as artifacts. As noted above, all emails the teachers 

and religious expert sent to me were included as artifacts for data analysis as well.   

Data Analysis and Interpretation 

I analyzed and interpreted my data using an inductive approach. This type of analysis 

allows for “discovering patterns, themes and categories in one’s data,” (Patton, 2002, p.453), 

which is in direct contrast to deductive analysis that stipulates categories prior to analysis. 

Inductive analysis also involves working back and forth between the themes and data until a 

comprehensive theme list has been determined (Creswell, 2014). As such, I discovered recurrent 

phenomena in the field of my experiences and found recurrent relations among them as research 

progressed (Miles, Huberman, & Saldana, 2014).  

As noted above, I simultaneously collected and analyzed data throughout this study, 

making certain to analyze the data in the context of my research questions. As Stake (1995, p.71) 
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noted, “Analysis is a matter of giving meaning to first impressions as well as to final 

complications.” For example, the process of memo writing, during data collection, entailed 

reflection and analysis. Although I collected observation data during the day, I transcribed, and 

therefore, began to analyze, interviews and previous observations (Creswell, 2014) when I 

returned home from the schools. This hermeneutic process allowed me to continue to interview 

participants, reflect on their answers and questions, and then this information informed future 

interviews (Guba & Lincoln, 1989). During the initial collection/analysis process, I wrote notes 

on anything I collected that seemed particularly interesting (e.g. issues that addressed the 

research questions or ideas that were unique) to remind me to revisit them when my sole focus 

was data analysis. All data that I collected (interviews, audio/video tapings, field notes, 

pictures/scans of artifacts, etc.) were electronically stored on my personal computer. Each 

teacher’s pseudonym is on his/her folder on my laptop, and within each folder, the data are 

organized by lesson/date. Within each lesson/date, the data are organized into subfolders by type 

(audio, video, artifacts, etc.)  

As stated earlier, I transcribed all interviews, class observations, and co-planning sessions 

using a Word program and Express Script. During the data analysis process, I revisited each data 

source by teacher, and then by type of data (interviews, observations, etc.). As I read through the 

text on the Word documents, I placed brackets around areas of interest and grouped them into 

categories (or codes) that were similar (Appendix E). My code book includes a lists all of the 

codes (themes) that were generated during this process, a label for each code, a brief definition of 

it, and information on when to use it and when not to use it (Appendix F). After I coded all 

documents for each teacher (interviews, observations, etc.), I created a summary of emergent 

themes/ideas (Seidman, 2006) for each teacher (Appendix G). I examined each summary 

document, and devised four to seven final themes per teacher that became the subheadings of the 
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findings chapters of this dissertation report. During this process, I thought about themes that 

related to my research questions, findings from previous studies, and any surprising ideas not 

originally anticipated (Creswell, 2014). Creswell (2014) recommends a goal of five to seven 

themes, since the data (both text and images) were dense and rich. As such, it was not possible to 

use every bit of data in the analysis and interpretation. 

After I completed a thorough analysis of each teacher’s data and subsequently wrote each 

findings chapter, I compared these findings both within and between the two contexts (urban and 

rural). I accomplished this cross case analysis by re-reading each findings chapter and creating 

informal memos. Additionally, in my final discussion, I compared my findings with those 

established in the evolution education literature. I revisited my theoretical framework of 

sociocultural theory and negotiation of dilemmas, and framed my findings within these lenses. 

From there, I discussed how these findings contribute to evolution education literature, and the 

science education field, more generally. I then proposed implications of the study, limitations 

therein, and questions for the basis of future studies.  

Validity and Reliability 

During the entirety of my research, I took several steps to ensure validity, or the accuracy 

of findings (Creswell, 2014). I triangulated data by collecting data from several sources 

(Marshall & Rossman, 2011; Yin, 2014) – these included interviews, observations, informal 

conversations, co-planning sessions, artifact collection, and research memos. I also obtained 

perspectives from a variety of participants including teachers and a religious expert. All of these 

sources and perspectives add to the validity of my study.   

To determine the accuracy of my findings, I member checked with the teachers and the 

religious expert (Marshall & Rossman, 2011). At weekly interviews, I asked the teachers to 

verify my interpretation of classroom observations. Additionally, after I transcribed all data 
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sources, and developed major themes, I sent these findings to the teachers and the religious 

expert via email to determine their accuracy. This allowed the participants to determine if I had 

accurately represented “their worlds,” (Marshall & Rossman, 2011, p.42), and as such, provided 

them the opportunity to comment on the findings (Creswell, 2014). At no time did any of the 

participants disagree with my representation of their interviews, etc. Ben added further 

clarification to one email I sent him regarding the major findings – I included his additional 

words in my findings chapter. Oftentimes throughout the project I reached out to committee 

members (in person and via email) to obtain their feedback regarding my interpretations of the 

data (peer debriefing) – this was another method that helped validate my findings.   

Additionally, spending prolonged time in the field, or in my study, observing all classes 

during each teacher’s evolution unit (including some time prior to and after the unit as well 

interviewing), enabled me to gain an in-depth understanding of the teaching of this concept. The 

more experience I had with the participants, the more accurate the findings. Finally, when I 

reported the findings, I used rich, thick descriptions to really bring the reader to the setting of the 

classroom. This included questions teachers asked of students, and interactions between teachers 

and texts/lesson materials during co-planning, just to name a few. These detailed descriptions 

allowed the findings to become more realistic for the reader, and therefore, add to validity 

(Creswell, 2014).  

It was also important to guarantee that my data collection and analysis procedures were 

reliable, or consistent/stable (Creswell, 2014). To ensure reliability, I documented as many of the 

procedures of my study as possible. This included, but was not be limited to, how I audio/video 

recorded class lessons, the number of interviews and their length for each participant, and more. 

Other ways I ensured consistent procedures was by checking transcripts to make certain there 

were no obvious errors. Additionally, when coding the data, I confirmed that the definitions I 
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created for codes did not shift – to accomplish this, Creswell (2014) recommends regularly 

comparing data with the codes and by creating memos about the codes, as I did in my study. 
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CHAPTER 4: FINDINGS (CASE OF JANE) 

Introduction 

 This chapter examines the case of Jane, a high school biology teacher and science 

department chair, in a rural public school district in southwestern Arizona. She grew up in 

Arizona, and comes from a long line of teachers. Jane received a Bachelor’s degree in 

Community Health due to her goal of entering the field of social work, which she did for several 

years prior to switching to teaching. Part of her job as a social worker involved classroom work 

with kids, which she loved. As a result, Jane went back to school and received a Master’s degree 

in 2002 in elementary education. She is certified to teach cross categorical special education, 

secondary education, history, geography, general science and biology.  

Jane started teaching at the current high school nine years ago. She chose this school 

because she wanted to teach in the same school where her kids would end up some day. As such, 

she lives and works in the same community as her students. Her first position at this school was 

as a special education social studies teacher. After two years in this position (in 2008), she 

switched to teaching general science. Since this date, Jane has taught some form of science (e.g. 

regular biology, health education, general biology, and honors human biology – the latter two 

she taught during this past year). However, she has been teaching general biology, the class I 

observed, for four years.  

Jane described the school where she teaches as diverse in terms of socioeconomic status 

(SES) representation, and quite large, with approximately 2,000 total students in grades 9-12. 

There are students who live on farms, students whose parents work on farms, and then a group 

considered more middle class, who attend the school. She noted that a large population of 

students at her school affiliate with the Latter-Day Saints (LDS, or Mormon) faith; many of these 

students are heavily involved in honors classes and the student council. While I was at the 
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school, a few other science teachers voluntarily mentioned how this school has a large LDS 

population, thereby supporting Jane’s comments. As a whole, the students at her high school 

reflect the diversity of the city. When I asked Jane to elaborate on her students’ backgrounds, she 

mentioned that most of the students were either White or Latino/a. Jane also noted that her 

school is designated as low-SES, with a ‘decent’ pregnancy rate. Indeed, there is a daycare 

facility at this school. There are three high schools in this small district where Jane teaches – one 

of which is a career and technical school.  

Themes in Teaching Evolution 

This chapter examines the major themes that resulted from the data collected during 

Jane’s last two weeks of her genetics unit, and her entire unit on evolution. The themes align 

directly with my research questions, and therefore, focus on the dilemmas encountered during 

her unit on evolution. In the first theme, I discuss Jane’s pedagogical focus on videos and 

textbook-based worksheets, providing little room for student discussion during the evolution 

unit. Within this theme, I compare her pre-unit intent with her actual implementation during 

evolution. Additionally, I include a section that compares and contrasts the pedagogy Jane used 

in the genetics unit versus that which she used during her evolution unit. In theme two, I examine 

Jane’s content focus on microevolution, and how she primarily teaches about Darwin and natural 

selection, without touching upon human evolution. In theme three, I analyze the administrative 

pressures Jane faces, and how she negotiates around them during her teaching. And finally, in 

theme four, I discuss how Jane’s knowledge of her students’ faith and acknowledgement of her 

own views on science and religion affect the evolution unit. Within this theme, I incorporate 

ideas from an expert in LDS studies to help clarify points Jane made about her students’ beliefs 

during my study. Throughout all of these themes, I use all of my data sources, including artifacts, 

interviews, and observations, to paint a detailed picture of Jane’s evolution unit.  
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Theme 1: Jane’s Emphasis on Videos and Textbooks as Pedagogical Tools, with Little 

Room for Student Discussion 

Pre-Unit Intent 

In the current theme, I examined the pedagogical tools Jane primarily used during the 

evolution unit. From my own experiences teaching, I understand that oftentimes external factors 

affect what gets taught during classroom time, despite a teacher’s initial intent. I was fortunate to 

engage Jane in two co-planning sessions during my project, in addition to observations of 

lessons, which allowed me to compare her planning with the actual implementation. Toward the 

end of this theme, I also discuss how the pedagogy of the genetics unit compared to that of 

evolution.  

Just prior to the beginning of the evolution unit, I interviewed Jane to better understand 

how she has normally taught this unit in the past, and any plans for the upcoming unit itself. 

When I asked her, generally, how she approaches the unit, she brought up previous resistance 

and how it affected her pedagogy: 

 I do try and keep it as paced and factual as I can because every once in a while you have 

a kid who kind of tries to argue. I’m like, you can go home and argue with your parents 

about it but we can’t do it in here, sorry, type deal. That’s usually how I try and shut it 

down. (Pre-Evolution Unit Interview, February 2, 2015) 

I asked her to clarify what she meant by ‘paced,’ and she responded with the following: 

Well, just trying to have every day planned out so I try and leave as little room for too 

much. I mean, there is discussion in the PowerPoints, but beyond that, I try not to leave 

too much room for it. You can believe what you need to. That’s fine. But here’s the 

science and this is what you have to learn. Whether you believe in it or not. (Pre-

Evolution Unit Interview, February 2, 2015) 
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Jane’s response clarified that her teaching strategies during evolution are at least partly affected 

by previous student resistance. If she does not allow room for student questions, and does not go 

beyond the facts (e.g. engaging in deeper discussions), then there will be no room for students to 

push back. Additionally, the idea of her trying to ‘shut it down’ shows that she is likely 

uncomfortable with in-class resistance. So instead of engaging in students’ ideas, which may be 

oppositional in nature, she would rather stop them from going further. It became clear from this 

early interview that Jane was aware of the potential for students to not accept (“believe”) the 

information during this unit. As will be discussed below in more detail in Theme Four, Jane’s 

approach to teaching was at least partially based on a keen understanding of the religious 

community surrounding her school. 

Following up on these ideas, I was curious about the driving forces behind her chosen 

pedagogy. As such, I asked her if there were policies, either written or unwritten, about how to 

teach about evolution. Jane responded: 

No, we are pretty much allowed to be flexible on that, how we choose. (Pre-Evolution 

Interview, February 2, 2015) 

Despite being given leeway on how she approaches this unit, she chose to take the avoidance 

approach by keeping the unit factual and paced. This method was not mandated by the 

administration, and was clearly something the teacher chose on her own, based on her own 

experiences.  

 Just prior to the start of the unit, I engaged in a co-planning session with Jane. During this 

meeting, she spent a lot of time showing me all of her electronic materials, and she did not ask 

for any feedback on potential activities. There was not a lot of discussion between us during this 

session, other than questions I asked. Rather, she focused on finding evolution materials from 
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last year on the computer, printing them out, and showing them to me. Her general approach to 

planning was summarized in her first few statements during the co-planning: 

And then there’s how I cheat. I’ll take last year’s stuff and I’m basically going to go 

through and copy and paste what I need……So basically, I go through and I transfer 

everything from the year before. (Co-planning #1, January 27, 2015) 

It was clear she was somewhat set in her ways in how she planned to approach this unit. 

Additionally, most of what she needed for this unit was already created and stored on her 

computer. During this planning session, it was apparent that the pedagogy for the evolution unit 

focused on videos, textbook-based materials, and some PowerPoint lectures, with a focus on the 

two former tools.  At one point, she spent several minutes looking through her files of videos to 

show. During this discussion of her video collection, Jane stated: 

Yeah. So the first one…..these are my grading days (says in a whisper tone)…..And this 

is so stereotypical but I tend to show videos on Mondays because of higher absence rates. 

(Co-planning #1, January 27, 2015) 

From this conversation, it became apparent that one reason Jane showed videos is to provide 

herself time to get her own administrative duties done. Additionally, she acknowledged the 

absentee rate at her school on certain days, and to deal with this, instead of teaching through 

other methods, she chose to show videos instead. I also found the tone she used during this 

discussion somewhat telling; she lowered her voice significantly, as if to prevent this information 

from leaving the classroom. She appeared uncomfortable explaining why she chose videos as a 

teaching tool.  

During this initial co-planning session, in addition to the second one just prior to 

classification (later in the evolution unit), Jane spent a significant amount of time drawing from 

textbook resources for use during the unit, as well as a significant amount of time thumbing 
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through the online worksheets associated with the textbook. As she looked through these 

resources, I asked how long they had used the current textbook, and why they used this particular 

one. She responded:  

 So it’s going on 10 years. Usually I’ll take stuff like this and put it together in a packet. 

(Co-planning #1, January 27, 2015) 

In this quote, Jane was referring to the various worksheets associated with the evolution chapters. 

These textbook-based packets were eventually given to students often times in class, as will be 

discussed in further detail below.  

In the same context, I noticed that there was a long list of vocabulary words on the 

standards for this unit. I asked if there was any connection between these words and the 

textbook, and she responded 

Yeah…..that’s part of the reason why the book was picked. (Co-planning #1, January 27, 

2015) 

During this first planning session. Jane started to talk about alignment of standards with the 

textbook, and it was clear that the use of the book, despite it being outdated, was an important 

part of this course. I also realized from this discussion that vocabulary was an important 

component of Jane’s unit. Later in the unit, when we co-planned for a second time, Jane spent a 

lot of time going through textbook resources yet again. When describing the worksheets she 

stated: 

Yeah. It’s right out of the textbook…..I don’t end up using these because…because God 

forbid you make them read too much. They don’t understand that. (Co-planning #2, 

March 2, 2015) 

This verified that almost all of the worksheets, other than a few that came from a teacher’s web 

site, were directly from the textbook. She compiled many of them into packets, and she chose 
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many of the sheets based on whether or not the students would realistically complete them. As 

evidenced above, she rarely printed out worksheets that had too much reading for the students, 

indicating that her expectations for student work completion were fairly low.  

During both of the co-planning sessions, Jane spent little time going through PowerPoint 

lectures. Most the lectures from last year (which were few) were copied/pasted into the current 

year’s folder to reuse. During our first-planning session, I probed deeper into how and why she 

chose the first lecture for the evolution unit. She responded that this first lecture aligned directly 

with a textbook chapter (chapter 15), and how a former co-teacher helped develop the lectures 

she uses today. He took all of the “boring PowerPoints and he would add all the pictures and the 

videos for me. It was awesome,” (Co-planning #1, January 27, 2015). Jane clearly appreciated 

the prior work of her co-worker, and did not appear to have changed much, if anything, from the 

PowerPoints this teacher developed. This was evidenced as she copied/pasted them into a new 

folder and said she was ready to use them.  

Pedagogy Implementation during the Unit 

 Videos. The entire evolution unit lasted for a duration of nineteen instructional days (not 

including two days set aside solely for assessments). Jane showed videos of varying lengths, 

ranging from 10-50 minutes, on eight of these nineteen days. The first video she showed 

originated from Howard Hughes Medical Institute (HHMI) and lasted most of the fifty-five 

minute class period. During this video, students wrote facts that they learned and turned them in 

at the end of class. This first HHMI video was the first of three that she showed during the unit. 

The students’ assignments for most of the videos were similar. For example, on day six of the 

unit, they watched a Jeff Corwin video on evolution, and the students were assigned to write 

facts about different species that Corwin discussed. Below is an example of student work from a 

one of the HHMI videos she showed: 
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Figure 1. Example of student work from an in-class video 

 The student responses to videos, similar to those shown in Figure 1, were factual in 

nature. They did not require analysis, discussion, or extrapolation of ideas from the video. 

During one of my interviews with Jane, I asked her why she chose these types of student 

assignments during videos. Jane responded: 

They wrote down things they hadn’t heard before. Honestly, it’s to help them focus so 

they actually pay attention (laughs). Just things that they didn’t know before. (Week 3 

Interview, February 22, 2015) 

From this response, Jane showed that it is most important that students complete the work – there 

was no discussion regarding the content of the videos or how the students should apply this 

information. Rather, videos appeared as tools used to keep students interested in the content and 

focused during class. Interestingly, the teacher rarely, if ever, made time to discuss the videos 

upon their completion, even if there was time at the end of the class to do so. This was another 

strategy to keep the lessons paced and factual, as noted above, since it did not allow for student 

discussion. 

 The textbook. The second tool that Jane used often during class was the biology 

textbook, as was evidenced from the planning sessions discussed above. Of the six weeks I spent 
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in her classroom during the evolution unit, during each week, (with the exception of one where 

the class met only once that week), at least one (and often times more) textbook-based 

worksheets were provided during class. Most of them were given towards the end of class, with 

the goal that students would start them, and then finish for homework. Figure two, below, is an 

example of a vocabulary matching sheet given to the students during the first week of the unit. 

This worksheet was similar to many of the others they received in that they involved factual 

recall (fill in the blanks, true/false, and vocabulary matching questions) with very little room for 

analysis and/or student discussion/input.  

 

Figure 2. Example of a textbook-based worksheet 

 On several occasions, whether the students worked on a textbook based worksheet or 

other types of assignment, when they had questions about the content, Jane referred them back to 

the textbook. Below is one example of Jane’s response to a student when a textbook based 

packet was given to class. This discussion took place the day before the midterm exam (the last 

day of the evolution unit). The student asked whether natural selection was equated with the term 

survival of the fittest. Jane responded: 

Maybe….why don’t you look it up? (Evolution Observation, March 11, 2015) 
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After Jane stated this, she moved onto another student question without following up to see if the 

student found the correct answer. And similarly, during a lesson where students completed a 

dichotomous key activity, the students inquired about the differences between ectotherms and 

endotherms. She read the definition to them directly from the textbook: 

Ectotherm and Endotherm (pointing at definitions). So, ectotherm is an animal that relies 

on interactions with the environment to control its body temperature. (Evolution 

Observation, March 10, 2015) 

There was no further interaction with this particular student after she read this definition. 

Overall, these examples of students being told to retrieve answers from the textbook, or how 

Jane read the answers directly from the textbook in response to questions, were quite common 

during my observations. This shows a heavy reliance on the textbook for a large portion of class 

activities, and a way to respond to or deflect many student questions. And as such, this shows 

Jane’s comfort level in using the textbook as authority and a non-reliance on her own 

explanations as answers. These tactics are further evidence that support her earlier comment 

about keeping the unit paced and factual. If she reads directly from the textbook, or directs the 

students to the facts in the textbook, this leaves very little room for further discussion.  

PowerPoint lectures. Although Jane did not rely on PowerPoint lectures as often as she 

did on videos and textbooks, the former was another source of pedagogy during Jane’s evolution 

unit.  She introduced the unit on day one by lecturing from a PowerPoint, and subsequently used 

this same pedagogy for portions of four other days. During most of these lectures, students were 

not told to take notes – they merely ‘listened’ and asked questions. The teacher never directly 

told the students not to take notes while I was present; this was an observation I made while I 

listened to the lectures. Upon my review of Jane’s observations, I noticed that she read mostly 

from the slides, with little divergence from the information on them. On several occasions, when 
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students asked questions, her response was in the form of one word answers. She usually did not 

extrapolate unless the student asked a follow up question (quotes are not included here due to 

IRB restrictions on student words, and since the teacher’s response was normally ‘yes’ ‘no’ or 

short phrases, I did not include an example here).   

Additionally, most of the PowerPoint slides originated from the textbook publisher, as 

was evidenced from the footnotes on the slides. One exception was Jane’s last lecture on 

classification – the entirety of these slides originated from a teacher’s web site (Jane downloaded 

these slides during our second co-planning session). During the post-evolution unit interview, 

when I probed deeper into what Jane thought went well during her unit, she referenced the 

lectures. Jane responded thusly: 

I actually really enjoyed the lectures this time. And I don’t usually. Sometimes those are 

the hardest days because you are just trying to power through and keep them awake. And 

they participated. And they had questions and so I didn’t, it wasn’t such a drag to do the 

lectures. So that was nice. But I found that to be true this whole year with lectures with 

them. For some reason they just kind of like them. And maybe because it means they get 

to sit back and not have to stress because I don’t force them to take notes and stuff. And I 

want them to pay attention and listen and ask questions. (Post-evolution Unit Interview, 

March 17, 2015) 

This interview verified many of my initial thoughts about Jane’s feelings about lectures, and how 

she wanted her students to respond. Given that she spent only portions of five days on lectures, I 

anticipated that she may not enjoy them, which was confirmed in the interview above. 

Additionally, during both planning sessions with Jane, we did not spend a lot of time, if any, 

going through the lectures; rather, she merely copied and pasted them into her folder. This quote 

also confirmed what she stated in her pre-evolution unit interview - one of the few places she 



86 

 

allowed for student talk was during lectures. Hoping the students would enjoy the information 

from the lecture, Jane did not force them to take notes. Clearly allowing for interaction between 

her and the students provided a more pleasant atmosphere during this typically ‘painful’ lecture 

time.   

Comparing Pedagogy of the Genetics Unit 

 I observed four non-consecutive lessons during Jane’s genetics unit, which she taught just 

prior to her evolution unit. During this time, I took careful note of the pedagogy to determine if 

the tools she used were similar to or different from how she taught evolution. In many ways, the 

pedagogy during the genetics unit was similar to that of the evolution unit. The one major 

difference was found in how she started classes in each unit. During the genetics unit, Jane began 

class with bell work on two occasions. I do not recall a single day during evolution when she 

started the students with bell work; rather, they would abruptly start an activity or lesson. An 

example of a bell work activity during genetics is shown below in figure three. During this 

assignment, the students used the textbook to help them transcribe and translate a sequence. 
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Figure 3. An example of bell work during the genetics unit 

 As I noted above, much of what I observed in genetics was comparable, pedagogically, to 

the evolution unit. For example, during two out of the four genetics observations, Jane 

incorporated videos of varying lengths in her instruction; however, unlike some days during the 

evolution unit, the videos during genetics never took up the entirety of the class period. 

Additionally, during the genetics unit, students completed a variety of worksheets, some of 

which were based on the textbook. On multiple occasions, Jane referred students to the textbook 

if they had questions. For example, during my first observation of the genetics unit, Jane walked 

around class helping students with a worksheet on dihybrid crosses. The students were asked to 

answer a question about independent assortment at the end of this worksheet. On two occasions, 

she referenced the textbook when talking to the students: 
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So what is the law of independent assortment? Look in the book. (Genetics Observation, 

January 20, 2015)  

Just a few minutes later, as she approached another student who had a similar question she 

stated: 

So look up law of independent assortment in the book. (Genetics Observation, January 

20, 2015)  

Similar to her approach during evolution, Jane used the textbook as a trusted source of 

information when many of her students had genetics questions. Soon after Jane made the 

comments quoted above, she quickly changed topics by introducing the students to concepts 

relating to DNA. It became clear that Jane used the textbook as a source of authority in not just 

evolution, but in genetics as well, despite, as she stated, “…genetics is my favorite topic to teach 

because of my community health background,” (Pre-Genetics Interview, January 10, 2015). She 

reiterated her enjoyment with teaching the genetics unit, so clearly her background and 

confidence with teaching this unit was much higher than that of evolution (the latter will be 

discussed in more detail in theme three). Given this, and despite her confidence (or lack thereof) 

in a topic, she continued to use the textbook throughout multiple units.  

 During my four observations, Jane instructed from a PowerPoint on only on occasion. 

Similar to evolution, students did not have to take notes during this lecture. Jane mentioned to 

me previously that by not requiring them to take notes, this allows students to relax and pay 

attention. Upon completion of this one genetics lecture, the students completed a short review 

sheet, seen in figure four below. Similar to worksheets from the evolution unit, this worksheet 

and others from the genetics unit, were based on factual recall, with no room for analysis or 

discussion. The students turned in the sheet in figure four, and others, toward the end of class, 

rarely revisiting them in future classes. 
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Figure 4. Review sheet given to students upon completion of a genetics lecture 

Summary 

 My observations of in-class use of videos, textbook related resources, in addition to few 

PowerPoint lectures during the evolution unit, aligned well with Jane’s planning of the unit. She 

emphasized videos and textbook based pedagogy, with less of a reliance on lectures and other 

tools, such as labs (of which she included one on peppered moths), and web-based student 

activities (she included one PBS-based student led activity). Student discussions were allowed 

primarily during PowerPoint lectures, but they were kept to a minimum at times. There were no 

opportunities for student discussion post-videos or after textbook-based worksheets had been 

completed; instead, these activities were turned in for grades and/or credit. Jane’s deflection of 

many in-class student questions to the textbook was additional evidence of how she minimizes 

student talk. Rather than engaging in an in-depth discussion about a student’s question, often 

times she pointed them toward the textbook for answers.  
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After the first two weeks of lessons, I asked Jane why she used the different methods 

(lectures, videos, and textbook work). Jane responded: 

I did the different things- every kid learns differently. And some of them are going to 

pick stuff up in the lecture, and some of them are going to get the reinforcement from the 

videos, and seeing the visuals. Some of them do better with the hands on. So I try and 

pull everything into it to reinforce what we are doing and hoping that for one kid, this is 

what sticks with them. (Weeks 1 and 2 Interview, February 13, 2015) 

This response clarified that differentiation was one reason for the use of the various strategies 

she implemented in both the genetics and evolution units. Jane understands that she has a wide 

variety of students in her class, and each needs something different from her to learn the content. 

From the tone she used during this interview, and from the transcript itself, it was clear that 

through these approaches, Jane has a keen interest in helping her students learn. This desire to 

help her students appreciate science is also noted in other themes throughout this chapter.  

Theme 2: Jane’s Focus on Microevolution  

An Emphasis on Darwin’s Adventures 

 The co-planning sessions, interviews, observations, and artifacts all showed that the focus 

of Jane’s unit was on microevolution – this included Darwin’s adventures, and natural selection 

within particular organisms. In this section of the chapter, I use these data sources as evidence of 

Jane’s emphasis on microevolution, and an intentional exclusion of human evolution. I will also 

provide evidence, mainly through lecture transcripts, of misconceptions Jane introduced during 

the unit. These and other content choices were partially based on Jane’s own comfort level with 

and background of evolution. 

During the first co-planning session, when we perused her videos, she picked one to show 

in class called the Origin of Species. I also noticed that some of the other teaching tools she 
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reviewed during this time (worksheets, etc.) incorporated a lot of information on Darwin and the 

finches. In this context, I asked if she focused on macroevolution and/or microevolution during 

her unit. This would help me better understand not only the content of the video, but also how it 

might connect to the rest of the content during the evolution unit.  

Yeah. We focus on Darwin…Yeah. We talk a lot about the finches. (Co-planning #1, 

January 27, 2015) 

And then again in the pre-evolution unit interview, she stressed this same point in responding to 

my question about the content of the upcoming unit. Jane stated the following: 

Content is primarily Darwin. Just the Galapagos and talking about his experiences and 

the Grants’ experiences there. (Pre-evolution unit interview, February 2, 2015) 

Despite the terseness of the answers, evidence from the first planning session and interview 

showed that the evolution unit would likely focus heavily on Darwin and microevolutionary 

processes. As will be shown below, the observations and artifacts will prove this as well. 

 On day one of the evolution unit, Jane started class with a PowerPoint lecture, 

emphasizing Darwin as a key figure for the students to learn. Below is a brief excerpt from the 

first part of this lecture: 

So, we are talking about evolution. The person you REALLY (emphasis here) need to 

remember in terms of evolution is Charles Darwin……So, our goal in this – we want to 

understand how Darwin shows that organisms are affected by natural selection based on 

their level of adaptation to the environment. (Evolution observation, February 5, 2015) 

Although it is common for teachers, more generally, to emphasize Darwin when discussing 

evolution, due to his importance, I found it interesting how Darwin was a major component of 

Jane’s goal for the unit. This set the stage for the rest of the unit, in that the students would need 

to relate ideas of natural selection and adaptation back to Darwin’s explanations. There is a key 
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misconception in this goal, in that there are ‘levels’ of adaptation (rather, there are levels of 

selection). Additionally, since this goal included ideas related to natural selection, I inferred that 

Jane would include information about Darwin’s finches and other organisms that he studied. I 

also noticed that this goal emphasized microevolution, with no discussion about concepts 

relating to speciation.    

 As I discussed in theme one, Jane’s main pedagogical tool was in the form of videos. The 

majority of the videos she showed discussed, for at least some portion of the video, Darwin’s 

travels, including the story of the finches. Figure five shows an example of student notes from 

one of the videos that discussed Darwin’s voyage. 

 

Figure 5. An example of student notes from a video on Darwin’s adventures 

These notes show that this video focused on story of Darwin’s voyage. Many other examples of 

student work from this same video showed similar content. Additionally, several worksheets 

completed by students during this unit covered similar concepts. Figure six shows part of a 

handout from textbook chapter 15 that the students received during the first week of the 
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evolution unit. It is one of several worksheets, including concept maps, and other textbook based 

sheets, that focused on Darwin. 

 

 

Figure 6. An example of a textbook-based worksheet focusing on Darwin’s adventures 

During an interview with Jane, I probed deeper into why she focused her content on 

Darwin. Jane responded: 

That’s primarily what’s in the textbook. And so I try and, because the textbook is the best 

supplement that we’ve got that the kids can have access to. It keeps the playing field as 

level as possible. (Pre-evolution interview, February 2, 2015)  

Once again, Jane’s mention of the textbook shows that she relies and trusts the content to 

primarily inform her students about evolution (viewing textbook as authority). Here, she also 

shows an interest in her students’ learning since all of them have access to the textbook, and 

therefore, it provides one source for their information. During my observations, the textbook was 

accessible to the students on a daily basis – most of the time it was on the lab tables at the 
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beginning of class. However, per an informal discussion with Jane, there were not enough 

textbooks for the students to take home.  

 When I looked closer at the textbook, I noticed that four chapters are included under the 

topic of evolution: Darwin’s Theory of Evolution (Chapter 15), Evolution of Populations 

(Chapter 16), the History of Life (Chapter 17), and Classification (Chapter 18). This contradicts 

Jane’s earlier statement about the content in the textbook primarily covering Darwin. However, 

this was an early indication that she may be more comfortable and confident teaching Darwin 

than the rest of the evolution content within the textbook (genetic basis of evolution, speciation, 

etc.).  

 An interesting component of Darwin’s story that was evident in a few of the videos (see 

student responses 11 and 12 in Figure five above) and her first PowerPoint lecture of the unit 

(which lasted a portion of two instructional days), was the history of the church’s resistance to 

Darwin’s ideas. During the second day of the evolution unit, in describing this conflict, Jane 

stated: 

Remember Darwin published his book Origin of the Species in 1859. You heard that in 

the video yesterday. At the time, he didn’t want to publish it. He kind of sat on it for a 

while. Because he was really afraid of what the Catholic Church was going to do to him. 

He was basically discounting the Bible to some people through his book. So there was a 

lot of controversy around that so he sat on it. But there were some other scientists, 

naturalists, that were kind of catching on to what he had seen and they were starting to 

come up with similar theories. So he did end up publishing it, basically to make sure that 

he got the credit. He went into exile after he published it. He basically lived in his home, 

holed up for a few years, because there was so much backlash from the church about it. 
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He did publish it because he wanted to make sure he got the credit. (Evolution 

Observation, February 6, 2015) 

This portion of the lecture showed how Jane emphasized the content from the previous day’s 

video, which was unusual, since most video content was not reviewed in class. She also 

discussed the controversy between science and religion at the time of Darwin’s discoveries. In a 

follow-up interview at the end of the week’s lessons, I asked why she included this content 

(regarding the controversy) so often during the first two weeks teaching (it was included in a few 

videos and lectures). Jane responded: 

You know, I almost always have incorporated it as far as I can remember. We aren’t 

allowed to teach creationism, but trying to show them why his theory was so 

controversial I think is still important, which you have to mention the church and the 

Bible in order to talk about why this was so groundbreaking less than 200 years ago. 

(Weeks 1 and 2 Interview, February 13, 2015)  

Jane acknowledged that she is not allowed to incorporate non-scientific viewpoints in her class. 

Additionally, as I will discuss in later themes, this is not the first time that Jane stated that she 

cannot teach creationism (at a later date, she discussed how teaching creationism would result in 

losing her job). Jane also emphasized the importance for the students to understand the entirety 

of Darwin’s story when studying evolution. Jane placed Darwin’s story in context so the students 

could understand that although it is a scientifically valid concept today, there were issues with 

evolution when it was initially introduced. Although she presented the students with ideas on the 

initial science/religion conflict, she made no mention of these issues as they exist today.  

Misconceptions  

 Natural selection. Within the context of Darwin’s adventures, Jane emphasized concepts 

relating to natural selection during multiple lectures; at times, she incorrectly conceptualized 
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natural selection and terms associated with it. Oftentimes, she did so in context of the correct 

scientific meanings, with an unintentional effect of creating a contradictory message. On day one 

of the unit, after she introduced the content goal, Jane discussed further the term natural selection 

that was a part of her goal. In doing so, she first asked the students what natural selection meant. 

In response to her students’ answers to this inquiry, Jane stated: 

Yeah, survival of the fittest. How many of you have heard that term? What does the term 

survival of the fittest mean to you? (student response here and then Jane follows up 

with….) You’re weak you die. Yeah, kinda. And that’s part of it. Definitely the weakest 

of the species are not going to live as long, they aren’t going to be able to procreate like 

the bunny rabbit who committed suicide running into my car the other day. Yes, that was 

a bit traumatic for me but that was an example of maybe not the brightest of the species. 

(Evolution Observation, February 5, 2015) 

During this introductory lesson on natural selection, Jane equates the term natural selection with 

survival of the fittest. Alternatively, in evolutionary terms, being ‘fit’ does not always equate to 

an individual’s health. Additionally, using an example of a species’ (rabbit) intelligence as a 

reason why it did not survive implies that evolution equates to survival of the most intelligent, 

which is not the case. However, it was clear from the observation that Jane tried to make the 

concepts relatable to the students by putting them in context of a recent event with a bunny. She 

tried to make the content relevant often during lectures, but sometimes at the expense of 

including misconceptions.  

 Later in this same lecture, as she extrapolated further about natural selection, Jane 

interweaved correct conceptual ideas with those that were incorrect. Below is a response to a 

student question regarding the difference between smart and ‘dumb’ organisms: 
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Some, you know, it really just depends on their instincts. Some of it is genetics. If mom 

and dad weren’t the brightest or they had some recessive genes they passed on. But 

survival of the fittest or natural selection over time, kind of eliminates some of that. Now 

natural selection goes a little further in that it also has to do with the environment. 

(Evolution Observation, February 5, 2015) 

Jane correctly implies that genetics and the environment both relate to evolution; however, this 

comment also suggests that recessive genes may not be passed from one generation to the next 

because of natural selection. This statement is confusing in that it also implies that recessive 

genes are bad, and as such, natural selection will act on them and eliminate them from the gene 

pool. This former idea about recessive genes is a common misconception heard during genetics 

units, in addition to evolution units, more generally. Additionally, equating natural selection with 

survival alone does not take into account sexual selection’s important role in evolution.  

 On the fourth day of the evolution unit, Jane discussed concepts relating to natural 

selection yet again, and discussed adaptation and fitness a bit further. Below is a quote from this 

lecture: 

If there’s too much competition for food, the weaker of the herd are going to be left 

behind. This where survival of the fittest comes in. Survival of the fittest is defined as the 

ability of an individual to survive and reproduce in its specific environment – that is 

known as fitness. Fitness is not about muscles or being in shape. Fitness is about 

surviving and reproducing in an environment. (Evolution Observation, February 10, 

2015) 

This statement emphasizes, yet again, that weakness equates to evolutionary fitness. However, 

within this discussion, Jane brought up reproduction as an important component of evolution in 

the context of her definition of fitness. She clearly and accurately differentiates between the 
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colloquial meaning of fitness, and that which is used in biology. Jane alternates between correct 

usage of biological terms, (which usually stem directly from the PowerPoint slides), and her 

extrapolation of ideas that on occasion do not align with scientific meanings (weak = won’t 

survive).  

 Directly after Jane spoke about fitness, she went directly into the meaning of an 

adaptation. Below is an excerpt from the lecture during this discussion:  

Adaptations are going to be adjusting what needs to be done in order to survive. Whether 

it is adjusting the type of food that is consumed, or the type of environment the animal 

can tolerate. Those are adaptations. And it is an inherited characteristic that increases an 

organism’s chance of survival. (Evolution Observation, February 10, 2015)  

The final sentence is an accurate definition of an adaptation that Jane read directly from the slide, 

which originated from the textbook. However, the first few sentences of this discussion about 

adaptations, which did not originate from the slides or textbook, are the teacher’s conceptions of 

adaptations. An adaptation does not adjust to anything; rather, it is a result of natural selection. 

This quote shows evidence of a combination of correct scientific vocabulary usage and the 

teacher’s extrapolation of ideas which are not completely accurate.  

  Toward the end of the lecture from day four, in summarizing Darwin’s theory, Jane 

stated the following: 

So the process by which these species evolve from their common ancestor really does 

bring us all back to relating to each other. So a single tree of life. It doesn’t mean that you 

are related to snakes or beetles, it just means that millions of years ago, there wasn’t the 

diversity in life that we have now. Over time, as things have shifted, those things have 

adapted and evolved and that’s why we end up with such a diversity today. (Evolution 

Observation, February 10, 2015) 
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Although Jane started this discussion with an important link to common ancestry (which was 

stated on her lecture slide), the remainder of the quote implies a contradictory message. Jane’s 

message is that organisms, other than humans, have the ability to evolve. As such, characteristics 

within organisms can change and adapt. This statement validates the emphasis on microevolution 

shown in the rest of her lectures, which includes a focus on how characteristics of finches 

evolved (e.g. beak shape, etc.). Jane’s statement above also downplays the crucial role of 

speciation in evolution more generally.  

I followed up with Jane to ask her to explain this quote, and she responded: 

I was just trying to emphasize that the diversity within all species has increased over time 

due to migration, climate change, etc. Not that we all started as a single celled organism 

and evolved out to what we see now. But when we look at kingdom, phyla, classes etc., 

we can see how traits have migrated and evolved. And in many ways we all relate back to 

many species in terms of how we have adapted. (Follow-up Email, June 15, 2015) 

In this follow-up quote, Jane stated that common ancestry is not something she sees as true.  

Rather, organisms within the different taxa represented today have evolved independently due to 

various factors. One of the factors she mentions, climate change, has been shown to reduce, not 

increase, diversity of species. Additionally, if Jane does not view all of life as descending from a 

single cell, I wonder if her view on diversity relates somewhat to theistic, or other ‘intelligent’ 

processes. Her personal views on science and religion will be clarified in theme four, and as 

such, better clarify the thoughts she began to express here.    

Exclusion of Human Evolution  

 Following the general trend above regarding Jane’s focus on microevolution, she 

intentionally did not teach human evolution during her unit. I initially learned about this, albeit 

briefly, during our first co-planning session. During this meeting, Jane reviewed her video 
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selection, and I noticed she passed over an HHMI video on the origin of humans. Because of 

this, I asked how often she talks about humans during the evolution unit. Jane responded: 

 Almost none. (Co-planning #1, January 27, 2015) 

I followed up by stating that I noticed this content was not in the standards and she replied: 

 No, we really don’t…….(pause)….(Co-planning #1, January 27, 2015) 

After this short discussion about human evolution, it was clear that she did not intend to include 

and it was indeed, not in her standards. However, she changed the topic quickly, so I could not 

follow-up with any more questions. I could tell from this conversation that she might be 

uncomfortable talking about human evolution. Jane acknowledged not teaching human 

evolution, and a brief explanation as of why, in the interview just prior to the unit as well. She 

stated the following when I asked why she did not touch on human evolution: 

It’s not part of the standards and that would create the massive humans come from apes 

type….yea (voice drops a bit-almost reluctant). Most people have a hard time even 

realizing that we don’t look like we did in the 1600s. But, they just automatically assume 

that everyone looked this way all along. (Pre-Evolution Unit Interview, February 2, 2015) 

I then asked if she had incorporated it previously and Jane responded: 

You know, I touch on it to a certain extent. Like I’ll talk about the change in lifespan or 

change in height. Because that’s definitely something that doesn’t create a lot of 

controversy because it’s so recent. You can kind of talk about things in that era but you 

can’t go too far back because ..yeah…you try and talk about how cavemen probably did 

come from apes and …….sorry, but you can see it! You can absolutely see it. But yeah, 

no, I talk about more of the some of the modern day evolutions that have occurred like 

changes in height and how we have gotten taller and…..um….life span. (Pre-Evolution 

Unit Interview, February 2, 2015) 
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Jane initially responded that human evolution was not in the standards, which is why she does 

not teach it. She also acknowledged the controversial nature of the topic, and clearly would not 

teach it if it struck a nerve with any of her students (hence, avoiding the controversy). This was 

evident not only in her words, but how she spoke during this conversation. However, Jane 

discussed her content focus on changes within humans over time, but not in the context of 

evolution from other non-human primates (the latter being a macroevolutionary approach). This 

is consistent with the quotes from lectures above focusing on microevolution. It also appears as if 

some of what she teaches may not align with the facts she accept – this is evident in her quote 

above, “sorry, but you can see it!” This implies that she may likely accept the idea of human 

evolution, to an extent, but the content she teaches may be different from her own ideas.  

 On day sixteen of her unit, she lectured on classification. Within this lecture, (which was 

not from the textbook, but rather, taken from a teacher’s web site), human classification was 

included. Figure seven, below, is a copy of the slide she discussed in the quote that follows. 

 

Figure 7. Classification of humans slide shown during a lecture 
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Order primates. So primates are adapted to climb trees. Now we can’t necessarily climb 

trees as well as other primates, but we do have that ability. Family Hominidae. Meaning 

we are adapted to walk erect or upright. We don’t walk on all fours. Genus Homo, which 

means we have a large brain, and we can use tools. We have that ability. What gives us 

that ability? (shows her thumbs) Your opposable thumbs. And species, Homo sapiens, 

meaning our body proportions are those of modern humans. Now cavemen do not fall 

into the same species as we do. I’m just saying. They had different characteristics, so they 

are in a slightly different category. (Evolution Observation, March 3, 2015) 

This quote shows how Jane discussed characteristics of humans, and how we are classified at 

each level, in a matter of fact way. She made certain to not leave room for student questions or 

discussion as she quickly moved to the next slide after reading directly from this one. 

Additionally, she acknowledged that humans are classified as primates in the first part of the 

quote. Note that toward the end, though, she discussed how we are not closely related to 

‘cavemen.’ This is a way of preventing controversy, showing that we are different from the 

individuals that might look similar to us, and by not implying humans evolved. Along the lines 

of the quote just above this one, Jane’s acceptance of at least part of human evolution is 

somewhat evident in her acknowledgement of humans as primates. Similar to the quote above 

regarding cavemen, Jane may teach ideas other than those that she accepts. Part of the reasoning 

(understanding her students’ religious beliefs) will be explained further in theme four on 

community context.  

Jane’s Comfort Level and Science Background Drive Content 

 The content that was reflected in this evolution unit was at least partly a result of the 

teacher’s own comfort level and background in evolutionary content. Evidence of both of these 

influences was seen in interviews with Jane. For example, in the pre-evolution unit interview, I 
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asked Jane what she has personally learned about evolution in the past and how she got this 

information (via courses, etc.). Jane responded: 

So here’s my dirty little secret – I took only basic biology in college. And then anatomy 

and physiology because my degree is health education. So most of what I’ve learned, it is 

research on my own, or through teaching. (Pre-evolution Unit Interview, February 2, 

2015) 

I followed up by asking to clarify what she meant by ‘researching’ the information. Jane 

responded: 

Just, um, researching online. Looking for information for teaching resources. My mom 

actually took a trip to the Galapagos. I got stuff from her (laughs). That kind of stuff. And 

then doing research on Darwin, and then watching PBS documentaries (laughs). (Pre-

evolution Unit Interview, February 2, 2015) 

From these responses, Jane made it clear that she has little coursework in biology, and 

particularly evolution. She seemed a bit embarrassed to divulge this, due to her comment about it 

being a secret, and from the way she spoke during this discussion. Although she has attempted to 

learn this information on her own, her sources for this information are few. By laughing at the 

end of these statements, Jane showed possible embarrassment by her lack of background in this 

content area.  

 During the post-evolution unit interview, I asked Jane to describe her comfort level 

teaching evolution compared to other topics within biology. Jane responded: 

It’s not my highest level of confidence. But it’s not as, like cell respiration, for whatever 

reason is the worst to teach. And photosynthesis because it’s really the big chemistry of 

biology. It’s just hard to teach and the kids have a hard time with it. So that’s probably 
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my worse….. So, evolution is kind of (???) and I think I enjoyed it more this year. (Post-

evolution Unit Interview, March 17, 2015) 

I followed up by asking why she enjoyed it more this year, and she responded: 

Just experience with it. It’s only my fourth year teaching biology. So, I’ve taught so much 

other stuff previously, so….just becoming more comfortable with it. (Post-evolution Unit 

interview, March 17, 2015) 

From the tone of voice she used during this interview and the words she expressed, Jane showed 

that she is not 100% confident teaching evolution. This lack of confidence at least partially stems 

from the amount of time she has been teaching the biology course. However, she is working to 

improve her confidence, which will come with more time teaching the course. This lack of 

confidence was apparent during my observations when she did not allow for much student 

discussion (which if allowed, could potentially lead to her not being able to answer a question), 

and how she pointed to the textbook when students asked questions.  

 During this same interview, I asked which concepts within evolution she felt most 

comfortable and prepared to teach. Jane responded: 

Yeah….it’s always fun to talk about Darwin and his voyage and time at the Galapagos. 

So, the different species is always fun to talk about just because it’s so visual. You know, 

here’s the different turtles, or tortoises, and what their shells or necks are like. And why 

is this neck like this and what does it tell you that he eats. I really enjoy doing that kind of 

stuff. Getting them to look at something and kind of evaluate why they look that 

way…… Yeah. Anything where you can put up pictures and say let’s talk about why it is 

like this. It’s always fun. (Post-evolution Unit Interview, March 17, 2015) 

.Jane’s comfort with teaching about Darwin’s voyage aligns directly with the focus of her unit, 

as previously described from my observations. This quote also shows her focus on 
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microevolutionary process, or evolution within specific organisms, such as the tortoises and 

finches from Darwin’s journey. Additionally, the decision to discuss Darwin was a result of how 

enjoyable it would be for her to teach, and likely, for the students to learn. This is in light of 

previous quotes regarding her lack of interest in lecturing, more generally. A focus on Darwin 

likely made the lectures, and therefore the unit, more enjoyable to teach. Her emphasis on the 

visual aspect of the unit (by showing pictures, etc.) also aligns with her decision to show videos 

on this topic.  

Summary 

 The content that Jane included during her evolution unit focused primarily on 

microevolution – Darwin’s voyage, the organisms he interacted with, and natural selection 

within particular organisms. In doing so, Jane purposefully excluded teaching macroevolution 

(ex. speciation, human evolution, etc.). One reason Jane chose this particular content was 

because it was in the textbook, which was a reliable source she depended on throughout the unit. 

During several lectures, Jane introduced misconceptions alongside correct scientific 

conceptualizations of content, oftentimes when she was trying to make the concepts relevant. 

Additionally, her comfort level with and background of biological concepts affected what she 

taught. In themes three and four, it will become apparent that additional factors external to the 

classroom, including standards and community context, affected what and how Jane taught about 

evolution as well.  

Theme 3: Jane’s Careful Negotiation of Administrative Directives 

District Standards and State Testing  

 In the themes above, I briefly noted how Jane pointed to the standards as a reason for 

choosing the textbook, and for not including human evolution. In this current theme, I discuss in 

more detail the standards and other political controls, and how they affected what Jane taught 
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during evolution and other units. I will explain how Jane carefully negotiated these 

administrative pressures by adhering to them, yet minimizing them as distractions. As science 

department chair, she helped the other science teachers carefully negotiate these directives as 

well, which hopefully resulted in greater autonomy in their teaching. 

On several occasions throughout the unit, during informal discussions between classes, 

Jane mentioned that she did not have a choice but to teach certain concepts within the unit. When 

I asked her to explain this further, she stated: 

The standards and tests definitely drive the content taught. (Follow-Up Email, June 8, 

2015) 

This one sentence sums up this theme very well: the content in her unit is largely influenced by 

political factors such as state testing and standards. Her comment implies that there is no 

recourse but to teach the standards, and there is heavy administrative control over what takes 

place in the classroom. If there were no oversight of what was taught, Jane would be more likely 

to stray a bit from the standards.  

The standards Jane used to teach evolution, and the rest of her units, are unique to the 

district. Each year, the biology teachers within her district meet to choose which of the Arizona 

State Science Standards for biology should be emphasized during all of their units. These chosen 

standards are then called the guaranteed standards. Jane described how they were chosen in the 

following statement: 

When we selected the guaranteed standards, we had to narrow down from about 150 

standards overall to what we saw as the most important to get them to the next level in 

science. We were pretty much told each unit should only have 3-4 guaranteed standards. 

With five units, that is only twenty standards. (Follow-up Email, June 15, 2015)  
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The district administration has given the teachers leeway to determine which standards are 

important for them to teach, but they clearly limit the teachers in what they can teach. They also 

do not take into account particular units or topics that may need longer to teach, and therefore, 

more standards to cover, such as evolution. Given this directive, Jane and the other biology 

teachers made difficult decisions within the evolution unit and other lengthy units that may be 

covered by many state standards. Clearly the ultimate decision rested on a collaboration between 

several teachers with different viewpoints on what was deemed most ‘important’ to be taught 

within each unit.  

 Jane and the other teachers devised Big Ideas and Essential Questions that stemmed from 

the guaranteed standards. Below are two figures: Figure eight shows the three guaranteed 

standards for the evolution unit (the numbers prior to them refer to the state standard number 

from the original state standards document); the second, Figure nine, outlines the Big Ideas and 

Essential Questions for the unit that were developed from the Essential Standards.  

ESSENTIAL STANDARDS 

S4C4 01 Students will identify the following components of natural selection, 
which can lead to speciation: geographical isolation, temporal isolation, 
reproductive isolation, behavioral isolation, potential for a species to increase its 
numbers; genetic variability and inheritance of offspring due to mutation and 
recombination of genes; finite supply of resources 

S4C4 04 Students will predict how a change in an environmental factor (e.g., 
rainfall, habitat loss, non-native species) can affect the number and diversity of 
species in an ecosystem. 

S4C4 03 Students will describe how the continuing operation of natural selection 
underlies a population’s ability to adapt to changes in the environment 
and leads to biodiversity and the origin of new species. 

Figure 8. The Essential Standards for the evolution unit 
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BIG IDEA ESSENTIAL QUESTIONS 

Species isolated from one another 
through geography, time or reproductive 
opportunities can lead to speciation. 

How do components of natural selection 
lead to speciation? 

Species change based on their stability 
combined with the depth of the 
environmental influences. 

How does environmental change affect 
the number and diversity of species in 
an ecosystem?  

Organisms are affected by natural 
selection based on their level of 
adaptation to the changes in their 
environment. 

How does natural selection continue to 
affect organisms? 

Figure 9. The Big Ideas and Essential Questions for the evolution unit 

These standards, and therefore the Big Ideas and Essential Questions, emphasize natural 

selection, and do not touch much upon the genetic basis of evolution, or concepts relating to 

speciation. These standards directly align with my observations (above) from class that show 

how the teacher focused primarily on natural selection and related concepts during class time.   

Jane discussed with me on multiple occasions (albeit informally) that the students were 

short-changed because the content was limited, as a result of standards that had to be taught. This 

thought was echoed in the following statement during in my final interview with her: 

I have to say, the guaranteed standards we have are so minimal. There’s only a couple. 

And there’s just…there’s not enough to really teach them what it is… the standards are 

there as the guideline and I can say yes, I’ve done that, they’ve met that standard, they 

understand it, but there’s so much more that to teach them that actually gets them excited 

about science. I think if you only taught the standards, they would be bored to tears. 

(Post-evolution Unit Interview, March 17, 2015) 

Jane feels that teaching standards is a box checking exercise, and she is clearly limited by them 

in most units she teaches. As a result, this is not just a limitation of the evolution unit, but one of 

other units, such as genetics, as well. She has a desire to teach students more content, but feels 

restricted by the administrative directive to choose only a few standards. However, most of my 
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observations showed that her evolution content aligned with these standards, and she did not 

stray from them often, unless students asked questions during lectures. As much as Jane wanted 

to go further in class, it was clear that the administrative directives took precedence during her 

classes.   

 During each day of the evolution observations, all three essential questions and big ideas 

were on the board, whether or not they were covered on those days. During the genetics lessons, 

she had the respective standards posted as well. In an informal conversation with Jane after an 

evolution class one day, she had mentioned that the students did not really care about those 

standards. As a result of this discussion, in a follow-up email after the unit was completed, I 

asked more about standards to determine if they were on the board for administrative purposes, 

or for another reason. Jane responded: 

 Yes. 100% for administrative purposes. (Follow-up Email, June 8, 2015) 

Clearly, the standards were not on the board for the students to write down or revisit at any time; 

rather, this was merely to satisfy the administration. At no time during either the evolution or 

genetics unit did Jane discuss the standards that were on the board with the students. One way to 

show that Jane’s content aligned with district directives was by having the standards visible in 

the classroom at all times. There was always a chance that an administrator could pop in and 

observe a lesson.  

Additionally, the content from the guaranteed standards aligned with the state science test 

– the Arizona Instrument to Measure Standards (AIMS) – which was given to all students from 

Jane’s biology classes at the end of the year. The results from this test, and other state tests, 

affected the school’s funding. Jane also made certain that the content she taught aligned with a 

mid-term specifically on evolution (over half of the questions related to Darwin and/or natural 

selection), and a third test she gave the students in the spring called the Performance Based Pay 
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(PBP) test, which is specific to her district (four out of twenty-four PBP test questions related to 

evolution). If a certain percentage of students pass this latter test, the teacher receives a monetary 

bonus at the end of the year. The students can take it multiple times until they pass. The PBP test 

provides Jane an incentive to teach directly what is on it, which is aligned to the essential 

standards for the district.  

Standards and Tests as Reasons to Exclude Content 

 During my observations, I noticed that Jane did not address several evolution concepts in 

class. For example, she emphasized Darwin’s work during the first two weeks of observations, 

but other scientists who contributed to the idea of biological evolution, such as Alfred Russell 

Wallace, were never discussed, other than briefly in one HHMI video. As a result, I asked if she 

taught about Wallace during this unit, or if the video was the only source of information about 

him. Jane responded: 

I believe, if I recall correctly, it is the only time that he is really talked about. His 

contributions just aren’t widely acknowledged really and there really isn’t as much out 

there about him. If I dug deeper there might be, but I don’t know that it’s necessarily 

something I need to stress over with them, either. Because it’s nothing they will ever be 

tested on. And, unfortunately, the test is important. Because this is part of AIMS. (Weeks 

1 and 2 Interview, February 13, 2105) 

This quote shows that Jane’s background is limited regarding Wallace’s contributions. As a 

result, and as was discussed in the theme two on content, her background affects what is taught 

in class. Additionally, the last few sentences of this discussion show how important it is for Jane 

to teach the state’s tested material. When I examined the mid-term and the PBP test questions, I 

noticed there were no questions on Wallace; however, the questions emphasized Darwin and his 

journeys.  
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 During weeks four and five of the unit, students were given a large textbook-based 

worksheet packet on content relating to geologic time, age of the Earth, deep time, and adaptive 

radiation. After class one day, Jane had mentioned that since she can’t cover everything in class, 

she assigns worksheets on particular topics for homework, such as the packet noted here. In the 

weekly follow-up interview, I asked her how she determines what goes home with students 

versus what is covered in class. Jane responded: 

It’s usually based on the standards that are guaranteed within the unit. So that’s not 

something that’s necessarily a guaranteed standard and isn’t really tested further. …. 

Yeah, I mean, it’s just not….it’s not a guaranteed standard so…it’s still something I think 

is important for them to know about. So that’s why I still make them do some of that 

work. (Weeks 4 and 5 Interview, March 6, 2015)  

It became clear that the information sent home via packets was not aligned with the district’s 

standards, and therefore, became more of an ancillary component of the students’ learning. 

Jane’s comments also align with earlier quotes regarding the limitations of the standards - she 

wished she could teach them more, but due to time, it is not possible. The way she dealt with this 

issue was by providing homework packets, and hoped the students learned the material on their 

own (since they never reviewed these sheets in class upon their completion). Additionally, by not 

reviewing these assignments during class (that are not aligned with standards), this could 

potentially prevent any potential backlash if an administrator were to observe her class.  

 One substantial topic within evolution Jane rarely discussed (or it was taught via take-

home worksheets), was the genetic basis of evolution. During the third week of the evolution 

unit, the students received a packet that covered genetic drift, gene pools, polygenic traits, and 

other similar concepts. These were topics not discussed in class. Then, during the second co-

planning session with Jane, I noticed further evidence of her exclusion of the genetic basis of 
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evolution. During this meeting, she reviewed a teacher’s web site looking for teaching tools, and 

discussed Hardy Weinberg with me in the following way: 

Just because…I think I’m going to end up skipping Hardy Weinberg. I wanted to do it, 

but I just don’t think it’s going to happen…. And as much as it’s…it’s so nice because it 

really shows how math and science go hand in hand. But then, I don’t know. Time is 

going to be a big factor. I just have a feeling that trying to get through Hardy Weinberg is 

going to take a lot longer than I would anticipate. And, I’m going to end up having to 

eliminate other things. And I’m not….Hardy Weinberg isn’t something they have to 

know in high school.  

I followed-up with a question here: It’s not on any of the exams? Jane responded: 

No. No, so if I have to eliminate something, I have to eliminate something that’s not a 

guaranteed standard. (Co-planning #2, March 2, 2015) 

Again, Jane’s decision to include or exclude content was based largely on standards and tests. 

However, similar to other interviews, it appears as if Jane sincerely wants her students to know 

more than just what the standards provide. This is a dilemma she dealt with throughout the 

evolution unit, and likely other units she taught. Ultimately, the decision to exclude much of the 

genetic basis of evolution was influenced by administrative controls.  

 During the last lecture of the evolution unit, Jane focused on the topic of classification 

(this topic lasted three days of the final week of this unit). The PowerPoint originated from 

another teacher’s web site, and this was the first time she had used this lecture. During the co-

planning meeting that focused on classification, Jane discussed reasons for excluding particular 

content within this topic. Jane perused through the same teacher’s web site, and found 

worksheets that covered the topic of Domains. As she proceeded, I asked if the students needed 

to know the Domains, Kingdoms, etc. Jane responded: 
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Um hm. There’s not going to be a whole lot of this on their test. Because classification is, 

sadly, a very small part of what we do… AIMS doesn’t really cover it. (Co-planning #2, 

March 2, 2015) 

Although the classification lecture covered, albeit quickly, how organisms are classified, she 

spent very little time on this content, per the quote above. The reason she quickly reviewed this 

content was due to the lack of test accountability. During informal discussions with Jane 

following this part of the unit, she divulged how she had never taught about cladograms and 

dichotomous keys prior to this year because they are not guaranteed standards. Additionally, she 

normally has two weeks each year to cover evolution, but since I was observing this year, she 

intentionally made the unit much longer. This could explain the coverage of topics that are not 

on the test or in the standards, such as classification, yet she had time to cover them this year. 

Her eagerness, initially, to participate in this project, could have at least partially stemmed from 

the opportunity to go outside of the standards and thus, teach her students more science.  

Other Administrative Directives 

 In addition to strictly aligning most of her content with standards and tests, Jane also 

dealt with other administrative controls during. During our very first interview, I asked Jane how 

much autonomy she has in creating her own lessons. She responded: 

We don’t have a lot of autonomy in terms of the pacing. We had to implement a pacing 

calendar this year that has been, you know, interesting for all of us, because we are used 

to being able to do our own thing. But we try to make it as flexible as possible when we 

wrote it so that you may spend two to three weeks on a specific subject, but we don’t 

have it down day by day as to what you have to teach. We don’t necessarily require that 

each teacher do the exact same labs because some teachers prefer one over another. And 

some have strengths in one area over another. And we want them to be able to express 
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those strengths. In that respect there is quite a bit of autonomy, maybe more than 

administration necessarily realizes. (Pre-Genetics Interview, January 10, 2015) 

This quote shows evidence of administrative control over the pacing of Jane’s schedule this year. 

From her tone of voice, in addition to the words above, it was clear that creating a pacing 

calendar was not something she enjoyed doing. In recognizing that she and the other teachers 

teach differently, Jane dealt with this dilemma by having teachers follow a general guide, but 

‘quietly’ keeping to their own strengths, etc. Ultimately, this allowed for teacher autonomy by 

playing by the administrative rules, on paper, but behind closed doors, each teacher likely taught 

to their strengths. 

 Further along in the interview, I asked how the administration responded when the 

biology teachers initially turned-in their completed pacing guide at the beginning of the year. 

Jane responded: 

They wanted more specifics on some of the days, and we kind of put our foot down and 

said we used the money excuse. We can’t say that every single person is going to do a lab 

the exact same day because we don’t have enough supplies. There’s not enough test 

tubes, or beakers, or whatever, for everyone to do the exact same lab on the exact same 

day. We kind of got away with it based on that premise. Especially, any labs that require 

certain supplies we are just limited on due to funds. We got away with it because of that. 

(Pre-Genetics Interview, January 10, 2015) 

Although money and resources were definitely an issue in Jane’s classroom, (as she informally 

mentioned to me during this project), she used this limitation as a way to convince the 

administration to give the teachers more autonomy. Jane dealt with this political dilemma by 

discussing the reality of limited resources with the administration, since they could not deny this. 

As a result of this negotiation, the administrators let the teachers keep a less specific calendar 
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than initially anticipated. Jane’s experience teaching at the high school for almost a decade, in 

addition to her numerous leadership roles in the school (NHS chair, science department chair, 

etc.) may have helped persuade the administration to allow for a more flexible teaching calendar. 

A teacher with less tenure may not have gotten away with this in the same manner.  

 Every Friday morning, Jane, as science department chair, led a meeting with the rest of 

the science department, or the Professional Learning Community (PLC). This meeting was yet 

another directive from the administration. I asked Jane to explain more about these meetings and 

she responded: 

Our departments are called PLCs - Professional Learning Communities. And so we are 

supposed to be following that model based on the district’s goal. (short pause) I think that 

people in our department would say we don’t follow what we would consider a normal 

PLC model because our administration is very heavy on formatives and data. So the 

formative assessments are basically, you take one standard, and you have a little 

flexibility in how you write the test. But the easiest way to do it, and we’ve done it this 

way because it’s easiest for tracking data, is basically a five question multiple choice 

quiz. And we give it to our students within a time window, usually a couple days. And 

then we are supposed to bring that data to our PLC meeting and have a ‘Data Talk.’ And 

that is supposed to guide us in our instruction and eventually get to the point where we 

take that data and then pull the students who aren’t passing the formatives and do re-

teach with them and interventions. (Pre-Genetics Interview, January 10, 2015) 

Jane verified, yet again, the administrative pressures of testing that exist at her school. Although 

the administration directs the science teachers to collect student data, which is then discussed on 

Fridays, Jane dealt with this by making the test as easy as possible for the teachers to grade. In 

this way, Jane is doing her job by adhering to administrative policies, even though she does not 
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enjoy it (this was clear from her tone of voice). And hoping for more autonomy, she created 

assessments that better align with her own time and goals.  

Summary  

 Administrative controls over curriculum had a significant impact on how Jane taught this 

year. The pressures of testing, aligning content with standards via a pacing calendar, and 

requiring ‘data talks’ at weekly departmental meetings, affected the content and duration of 

activities for the evolution unit. Despite these directives, Jane dealt with them by lessening their 

negative impact. For example, she negotiated with administration over the pacing calendar, and 

sent home packets with students to cover information that may not be tested, but that she deemed 

‘still important.’ From the observations, interviews, and informal discussions, Jane did not agree 

with all of these directives, but found ways to negotiate around them to increase her autonomy 

and enjoy teaching.  

Theme 4: Community Religiosity and Jane’s Views on Science/Religion Impact Teaching 

Community Context Affected Jane’s Pedagogy 

 The informal and formal discussions with Jane showed that she was knowledgeable of, 

and took into account, the community context when she made decisions about her teaching. To 

verify Jane’s thoughts on her students’ beliefs and to better understand the community context, I 

interviewed an expert in the LDS faith. In this current theme, I will show how both the students’ 

beliefs and Jane’s own ideas on science and religion affected her unit on evolution. Although 

there was little student resistance to the evolution content this past year, when it came up once, 

Jane dealt with the situation by including her own views to placate the student. Additionally, 

there was little stakeholder resistance to teaching evolution this past year, and in most years she 

has taught this subject.  
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Jane mentioned between classes and during interviews that many of her students affiliate 

with the LDS faith. Between classes, Jane introduced me to a few science teachers in her 

department. At least two of them discussed a large presence of LDS students at the school, 

without my direct inquiry (one of these teachers started a secular student club at the school, 

interestingly). These multiple sources helped validate the religious affiliation of the students at 

the school, and therefore, in Jane’s classroom. Additionally, Jane stated on several occasions that 

the community in which she taught was very conservative, politically, which was in direct 

contrast to her own liberal political views.  

 During both the pre- and post-evolution unit interviews, Jane provided me with details on 

her students and the community in which she teaches.  When I asked if the community context 

affects what or how she teaches about evolution, Jane responded: 

You know, it’s interesting because we have such a large LDS population, but they 

understand that, those kids are probably the best when it comes to understanding that 

what we have to teach in school is what they have to learn in school. They seem to be the 

best at separating the two. They don’t tend to bring in their personal belief system on it. 

Which I do find interesting because, not being LDS, I’m assuming they are pretty heavy 

into creationism. I’ve never had an LDS student try to challenge me on that. Ever. The 

kids who try and challenge me are usually the Born Again or fundamentalist Christians. 

(Pre-evolution Interview, February 2, 2015) 

Jane provided me with further details about her LDS students in the post-unit interview, all the 

while reiterating some of the comments above. I analyzed these two quotes at once, due to some 

of the overlap in issues that Jane discussed: 

Usually the LDS kids, because they are, they are taught early on to kind of separate 

church doctrine from some of the stuff they are taught in school. They are really good at 
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separating those two things. And they don’t even consider that they might intertwine 

because their church doctrine is always first to them. And they know that their job is to 

go to school and to learn everything they are supposed to learn and they study hard. And 

they work hard. And overall, they are the hardest working group of kids you’ll ever get in 

the classroom. They are usually my top students in every single class because that’s the 

expectation. It’s a total stereotype, but, that’s the way their families raise them. And 

that’s part of, because their church dictates so much as to how they perform… I think 

they are taught that if they do have issues they are supposed to come and talk to their 

families about it. And they do. And I know they do. They don’t usually question the 

teacher because they are taught to respect them. (Post-evolution Unit Interview, March 

17, 2015) 

During both of these discussions, Jane outwardly showed a sincere respect for these 

students’ beliefs, despite how different they were from her own. Through the several years of 

experience teaching at this school, and therefore interacting with students of the LDS faith 

(through teaching science classes and leading the National Honor Society), Jane was confident in 

her knowledge about the students’ faith and family life to make the conclusions above. She 

views her students as respectful of authority (the teacher being the authority figure), and 

understanding that voicing resistance to topics in school does not align with how their families 

have raised them. Jane also acknowledged that their beliefs in creationism likely do not align 

with her teaching of evolution. However, due to the students’ respectful nature, they will not 

outwardly resist the teaching of the content during class time. On one hand, the students’ lack of 

vocal resistance could make Jane’s job a bit easier to deal with, since this results in very little 

student push back. Despite this, as I will discuss below, Jane’s knowledge of her students’ belief 

system affected her approach to teaching evolution. Her keen sense of the students’ church 
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doctrine as the primary source of information in their lives was apparent in her pedagogical 

approach. 

 In theme one, I discussed how one of Jane’s pedagogical approaches was to keep the 

lessons on evolution ‘paced and factual.’ Whether or not students believe in evolution, they have 

to learn it in Jane’s classroom. That was one indication that Jane understands her students’ 

potential non-acceptance of evolution. Building on these ideas, I asked more about her approach 

to teaching evolution. Jane responded: 

But I think it’s also how the teacher approaches it. If they try to start off a little 

apprehensive, and I know we have to do this, the state says we do. Not a lot of people 

believe in this. That kind of stuff. There’s no way the kids are going to enjoy it. If you 

just dive right in. I still have the attitude – I don’t care if you want to be here or not, 

because you have to, you don’t have a choice. So like it or not, suck it up and do it! 

(laughs) But, I try not to downplay any of the curriculum. (Pre-evolution Unit Interview, 

February 2, 2015) 

According to Jane, whether or not teachers show doubt in the curriculum at the very beginning of 

the unit, affects student buy-in. This quote aligned exactly with what she did on the first day of 

class – Jane did not mention anything about evolution being mandated or controversial in nature, 

despite her understanding that some students may agree with the latter. Alternatively, she dove 

right into a lecture on Darwin’s adventure on the first day of the unit. Jane also thinks that if she 

does not address any potential controversy during class time, she would not provide a forum for 

which students could voice resistance. As I have reiterated in previous themes, she clearly wants 

to avoid any potential controversy and/or resistance in her class.  

 Further evidence of Jane’s knowledge of her student’s faith stemmed from a decision she 

made about a video she ultimately chose not to show to her class (the HHMI human origins 
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video discussed in an earlier theme). During the post-unit interview, she reflected on this video 

in the following way: 

And there was one on humans, too. And that might be, if I think that they can handle it, I 

don’t know how controversial the videos are, I’d have to look at them first to see. (Post-

evolution Unit Interview, March 17, 2015) 

I followed up with a question, asking what she would be looking for in this video to determine if 

she could use it. Jane responded: 

Making sure it’s not anti-creationism. As long as it’s not trying to stomp on that aspect. 

I’d rather they ignore it completely or just kind of say, here’s the opposing view and be 

done with it. I just want to make sure it’s not stomped on. Because that would create way 

too much controversy. And I don’t think that’s fair, either, in terms of completely 

stomping out another belief system. (Post-evolution Unit Interview, March 17, 2015) 

As I stated earlier, Jane respects and acknowledges her students’ beliefs, understanding that most 

of them might be creationists. Interestingly, this quote shows that she does not want to disrespect 

her students by showing them anything that might offend them, such as a video that is anti-

creationism (even though this information would not be scientific). This discussion also shows 

her acknowledgement of ‘two sides’ of evolution, which I talk about further when I address 

Jane’s views on science and religion. Additionally, Jane acknowledges a controversy avoidance 

strategy yet again here, which has been a major theme throughout this entire study.   

I followed up with Jane regarding her response above, asking if the creationist viewpoint 

should be shown as a valid alternative to biological evolution in class. She responded in the 

following manner: 

The only issue with bringing in too much with creationism is that it is illegal for me to 

teach it. I cannot use any biblical or religious based curriculum. I also do not want to 
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offend any of my students and lead to believe I am trying to influence their faith. That 

will get me fired. (Follow-up Email, June 15, 2015) 

Jane did not acknowledge that creationism is not science in any way here. Rather, her reason for 

not including it in the curriculum is because it is not allowed in schools and it could offend some 

of her students. This quote insinuates that although she is respectful of her students and their 

faith, if it were allowed, this non-scientific viewpoint could make its way into the classroom. 

Jane also alluded to this in the quote above when she discussed showing a video if it included the 

‘other’ viewpoint.  

An LDS Expert’s View on Jane’s Comments 

 Jane made several claims about her students’ religious beliefs and ways of life during my 

research project. Because I wanted further clarification on the LDS faith, and due to the fact that 

I was unable to speak with students directly, I interviewed an expert in LDS studies at a local 

university. He has a doctorate in religious studies, with a focus on Mormon studies, and is a 

‘former’ Mormon himself. Below, I chose a few key points from Jane’s interviews that were 

based on her understanding of the students’ church teachings and the community context more 

generally. I introduce her thoughts first, and then the expert’s response below. 

 In my initial interview with this expert, I explained the context of the high school where I 

completed my study, which was reinforced by the teacher’s own words. This school is located in 

a rural area of Arizona, surrounded for miles by ranches. The teacher also noted that this 

community was politically conservative. During my interview with the expert, I asked if he knew 

anything about the area where the high school was located. I told him many students either lived 

on ranches or their parents worked on ranches. Although he acknowledged not being from this 

area, he commented more generally on rural areas where LDS families live. He responded: 
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So you probably see a lot of antievolutionism….the more rural, the more conservative. 

The more tea party-ish Mormonism you get. In fact, you will hear about tea party rallies 

all the time. And those will be something that’s compatible with the church members. 

(Interview, March 30, 2015) 

In my follow-up email, I asked him to confirm these ideas initially discussed in our interview. 

The expert continued with the following quote: 

Yes, the tea-party revival that swept rural America took Mormon communities very much 

along with it. (Follow-up Email, June 18, 2015) 

This expert’s comments confirmed my initial thoughts, and those discussed by the teacher, that 

this community was in fact very conservative. Along with this comes very conservative ideas, 

and as such, a potential to reject evolution. This provided me with a better sense of what Jane 

was dealing with in her classroom, despite the lack of vocal resistance by students. She must 

have been aware of the conservative nature of her students, and as such, made decisions 

regarding the evolution unit accordingly.  

 Jane also made the point, on multiple occasions, that her LDS students separate church 

life from school, and as such, respect the teacher, even if they may not agree with his/her 

teachings. This results in very few, if any, LDS students who outwardly resist the teaching of 

evolution. In response to the initial idea of the students separating church life from school, the 

expert responded: 

I think they haven't really been taught to separate school from church, since their 

scriptures say they are actually the same thing, but I think they don't resist it because they 

are largely a new generation that wasn't brought up in the crazy drama of anti-evolution, 

but instead have simply not be indoctrinated into anti-evolution as deeply, even though 

it’s still "in the air." (Follow-up Email, June 18, 2015) 
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To clarify the issue of the scriptures equating school and church, in his initial interview, the 

expert talked about a scriptural injunction in the LDS faith to gain a secular education. 

Additionally, the anti-evolution drama he refers to took place during the latter part of the 20th 

century when outspoken individuals from the LDS church (ex. Bruce McConkie) spoke publicly 

against evolution. Currently, fervent and vocal anti-evolution rhetoric is not quite as prevalent, as 

the church has been relatively quiet on the issue of evolution. Although it has been and is 

currently a part of the church’s ideas to reject evolution, this vehement anti-evolution sentiment 

isn’t felt as much by LDS individuals growing up today.  

 Jane also commented on how her students were likely creationists. I asked the expert 

about this comment and he responded: 

 I think they really would be creationists. (Follow-up Email, June 18, 2015) 

Along these same lines, I asked the expert how LDS followers view their scripture (as literal or 

otherwise), to better understand why they are considered creationists. He explained how they 

have four creation stories: two in Genesis, one in Moses, and one in the temple itself. They don’t 

contradict each other, but rather, are complimentary. In discussing how Mormons interpret these 

accounts, he responded: 

Mormons tend to read all of their scriptures in a very literal fashion. The Garden of Eden 

was literally in Missouri. Joseph Smith revealed in a revelation that the world was only 

6,000 years old (literally), and that Adam and Eve were real people. The Book of 

Mormon was literal history of ancient American, etc. etc. So if Adam/Eve were literal 

people from 6,000 years ago, then I can’t see any real room for evolutionist 

thought…The creation account in Genesis has never been interpreted by church leaders 

as anything but literal. (Follow-up Email, June 18, 2015) 
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The expert’s ideas confirmed the teacher’s initial thoughts – these were based on the idea that 

most of the LDS students may likely be creationists (although not an exact mirror of Jane’s 

Protestant background), assuming that they follow the literal interpretations like most of their 

fellow church members. As a result, being taught these ideas in church may result in the 

students’ questioning, at least internally, the evolutionary concepts taught by Jane (since they do 

not voice resistance in class). Alternatively, being brought up in a time where the church is silent 

on evolution, Jane’s evolution instruction could also cause cognitive confusion among students. 

Should they accept evolution or not?   

 Building on these ideas, I asked the expert what the LDS’s church official position was 

on evolution. He responded: 

Though in a way, the church as “ok’ed” evolution by way of hiring organic evolutionists 

to teach at BYU [Brigham Young University]. Symbolically, this is pretty big. At the 

same time, evolution is still largely not believed in, though those who do believe in it, 

have the protection that the church has come out and said they have no position. (Follow-

up Email, June 18, 2015) 

Building on this, I asked in the email to explain a sentiment he described in our interview about 

how the Mormon church is a ‘swirling contradiction that is tending towards conservativism.’ To 

me, this paints the picture of a church that does not know if they are for or against evolution. I 

asked if my analysis was correct and he responded: 

Yes, they don’t know if they are for or against it, which is why they stay quiet now a days 

on it. (Follow-up Email, June 18, 2015) 

My reaction from both the interview and follow-up email is that in addition to having no current 

official position on evolution, the church is leaning toward acceptance. This is evidenced by the 

hiring of biologists who research evolution at a prominent LDS university, and by the church’s 
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silence on the issue. This creates confusion among current members of the church, who include 

the students in Jane’s class. However, there could also be a large population of students who as 

creationists, and due to the church’s silence, feel it is ok to agree with the literal interpretation of 

the Mormon scripture, and therefore reject evolution altogether. The silence of the church could 

be reflected in the silence of the students in the classroom as well.  

The expert also discussed how some Mormons are more open to some aspects of 

evolution, but not others. For example, he stated the following: 

So Mormons, there is kind of an openness that they can have the idea of an evolutionary 

type of process, because God takes, he, some would say that you can, by way of 

evolution, that’s how god might have done things. (Interview, March, 30, 2015) 

I followed up by asking if this was similar to a theistic view on evolution. He responded: 

Exactly. That will be a more popular view of Mormons, I think. But it’s still, they’ll still 

adopt creationism with an evolutionary twist. But they wouldn’t believe that species can 

evolve into different species. Even though you can demonstrate it does, right? But you 

usually won’t have Mormons saying that you can evolve into humans from…(Interview, 

March 30, 2015). 

These quotes support what I observed during Jane’s unit on evolution regarding her focus on 

microevolution. She primarily taught about Darwin’s voyage, and natural selection within 

organisms, such as finches (how beaks change, etc.), but would not teach about human evolution. 

In theme two, I discussed how she would not teach human evolution because of the potential 

controversy. Although she did not detail further what she meant by controversy, I assume it 

could relate to the larger social controversy, or rather, one that is closer to her students’ beliefs. 

Understanding now that some of her students may accept a particular view of evolution, in God-
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guided evolution, this could also account for the controversy avoidance tactic as noted above. 

This links back to her solid understanding of her students’ strong ties to their LDS faith.  

 In summary, the LDS expert provided clarification on several of Jane’s comments about 

her students’ faith and the community context, more generally. He provided details on what it 

means to be an LDS student in today’s public schools, especially as it relates to learning about 

evolution. The church’s decision to not take an official stance on evolution, currently, must be of 

great confusion to the students growing up in the LDS faith today. Having not witnessed much of 

the vocal anti-evolution rhetoric by church leaders, yet learning the creation stories in church, 

and aspiring to go to BYU, (a college that has hired evolutionary biologists), must create conflict 

within students when they are taught evolution. The expert verified much of what the teacher 

thought about her students regarding their conservative nature and beliefs in creationism.   

Jane’s View on Science and Religion 

 During multiple discussions with Jane, it became clear that her own views on religion and 

science may affect the pedagogical and content-based decisions she made in class. During the 

pre-evolution unit interview, she discussed her own upbringing, which is important to understand 

in context of her quotes above regarding creationism: 

…..I went to parochial school in kindergarten through eighth grade. So evolution wasn’t 

really taught. It was mentioned, but all of our, yeah, all of our science was creationism. 

But I was also one of those kids who tended to question a lot and kind of think for 

myself, too. And so then evolution in high school I learned a lot more. And then kind of 

trying to figure out where they both, religion and science, come together. Doing research 

that…hey, the Bible was translated but not, yeah. Arabic to English is a very tricky 

language to do. And for example, the word that means that was translated to ‘day’ in 

Arabic means a ‘long period of time. . So I kind of think, yeah. The Bible probably has 
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some of it right, but the translation is…some of it is lost in translation. In my opinion. 

(Pre-evolution Unit Interview, February 2, 2015) 

Jane was exposed to the idea of creationism for a good portion of her educational experiences. 

Therefore, it is hard to just erase these ideas that were engrained in her for so long. However, her 

own determination to think for herself and question what people told her, paved the way for her 

current view. Jane sees religion and science as not being in complete opposition to one another; 

rather, it is possible to view them as complimentary. Jane’s view of the Bible as being partially 

correct would help explain her not wanting to ‘stomp out’ other beliefs altogether when choosing 

pedagogical tools.   

 Upon completion of the unit, I asked Jane to explain her ideas on the coexistence of 

religion and science a bit further. Her response clarifies how she views the Bible: 

I have never been one to take the Bible literally, despite what my parochial teachers 

would try to tell me. I always had my doubts on that…I went to a Lutheran school – 

Missouri Synod which is very conservative – but my family attended an Episcopal 

Church which is much more liberal and accepting. I always leaned more towards the 

Episcopal teachings of being a good person rather than the hard literal translations that 

made me feel very judged. (Follow-up Email, June 8, 2015) 

To clarify why she went to a Lutheran school, (despite her following the Episcopalian faith), was 

that the public schools in her district were not good, not that her parents wanted to necessarily 

impress upon her conservative religious teachings. Jane discussed this with me informally earlier 

in the unit. This quote above shows Jane’s struggle to understand different aspects of various 

religions. Perhaps understanding that she may have been judged earlier on in life, she does not 

want her own students, who are very religious and likely creationists, as she stated, to feel the 
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same way. This may have influenced her idea (discussed earlier in this theme in context of a 

video choice) on either including other ‘view points’ or not including them altogether. 

Jane’s Response to One Student’s Resistance 

Jane’s views on the intersection of science and religion were also apparent in her 

response to one student’s resistance to evolution this past semester (note – this student was not in 

the class that I observed). In my post-unit interview with Jane, I inquired about student or parent 

resistance, since I did not hear anything during my observations. I wanted to verify that nothing 

happened outside of class time that I did not hear during my observations. Jane responded with 

the following: 

I had one student in a different class, not the one that you were in, come to me one time. 

She just said, you know, I like what we are learning, it’s interesting, but, it conflicts with 

what I was raised to believe. And we talked about it. And I let her express her opinion 

and I told her, I said, you know, I understand that. There’s a lot of evolution out there in 

terms of the thinking of evolution in that it actually kind of marries with creationism and 

there’s actually a way to view both of them as being intertwined and unified. She kind of 

liked that, and she was like, oh, I hadn’t thought about it that way. And so, we talked 

about translation and that kind of stuff. Things get lost in translation. It’s like the game of 

telephone. Because the Bible was told orally for years before it was written down. And 

even then, it was written in a completely different language, which when you translate it 

to English, doesn’t always translate well. So we talked about some of that stuff. That 

seemed to make her feel better. That was the only student who actually said anything to 

me this year. (Post-evolution Unit Interview, March 17, 2015) 

During this dialogue between Jane and her student, she pacified a situation that could have gone 

one of two ways – offend the student by disagreeing with her, or make her feel ok about her 
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ideas. Jane chose the latter, and did so by showing the student how science and religion can be 

complimentary, rather than antagonistic. This interaction goes along with what Jane has said 

previously about respecting her students’ beliefs and not making them feel as if what they 

believe is wrong. Jane brought her own experiences and understandings of this intersection of 

science and religion to this interaction with her student. Although Jane had previously stated that 

she teaches evolution in a way that is paced and factual, with little room for student resistance, 

when she encountered push-back, she negotiated it in a way to not offend her students. She 

brought in religion as marrying with science, and helped the student see that evolution can be 

viewed alongside her own belief system.  

Minimal Stakeholder Resistance to Evolution 

 As I discussed above, I heard no student resistance to evolution during my observations 

of the unit. However, I inquired about past or current parent resistance outside of class time. 

Again, Jane cited very little parent push-back, in addition to that of students. In the pre-evolution 

unit interview, she cited indirect parent resistance, through a student, in the following statement: 

Like last year I had a student come to me and say, my dad said you can’t teach me 

evolution. He can talk to the school board. I don’t have a choice. And that was the last I 

heard of that. It’s not like there’s an alternate assignment for students who do not want to 

participate in it. (Pre-evolution Unit Interview, February 2, 2105) 

Although this type of vocal push-back is rare in her community, Jane dealt with it by trying to 

shut it down immediately. By pointing to the school board as the decision maker for curriculum, 

she took the blame off her herself for teaching it. Instead, she hoped the resistant parent would 

complain to someone else at the district level. This is yet another controversy avoidance strategy 

that makes it appear as if she is doing the job as outlined by the district. So if there is a problem 

with that directive, the parent should address it at the school board level.  Clearly, since this 
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student never returned to Jane regarding further resistance, it took care of the issue for her, but 

not necessarily the student’s parent. However, Jane is primarily interested in not dealing with this 

type of interaction in class, and hopes that it is dealt with at a different level that does not involve 

her.  

 Additionally, because I did not interact directly with any administrator during my time at 

her school, I wondered how they felt about the evolution curriculum that Jane taught. They had 

several directives for Jane to follow, more generally, with her biology curriculum, as I described 

in theme three. In the post-unit interview, I asked Jane if any of the administrators affected how 

she taught the evolution unit. During this part of the interview, I told her that I did not witness 

any administrator observations of her class, so I wondered how much management of in-class 

work took place (pop-in observations, etc.). Jane responded: 

I haven’t had an administrator in my room since January. I keep waiting. They are 

supposed to be in more. At the same time our administrator, my evaluator, is the athletic 

director. And this time of year is really crazy with sports so we don’t always see him very 

much… And she’s 100% behind supporting this curriculum. It wouldn’t be an issue with 

her, anyway. Maybe with one of the other ones, but not her. (Post-evolution Unit 

Interview, March 17, 2015) 

This quote shows that one of her administrator’s does not resist any of the curriculum, and does 

not observe her class much, thereby providing little micromanagement. As a result, this provides 

Jane with more flexibility in her day-to-day teaching of the curriculum. However, Jane alluded 

that another administrator might not be as supportive of evolution, but she did not go further into 

this during this particular interview. As a result, I asked her to explain this in more detail in a 

follow-up email. Jane responded: 
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I don’t think I meant to imply someone in particular. But there is always the chance that 

you have an admin person who has no science background and does not feel that 

evolution is necessary per se. We definitely have a portion of our community as a whole 

who feels that teaching evolution interferes with their religious beliefs. Most have 

accepted it as part of what has to be taught, but every once in a while – I think I told you I 

had a student one year who said her dad said I wasn’t allowed to teach her evolution. 

Always a chance someone with that view could become my boss! (Follow-up Email, June 

15, 2015) 

This quote reiterates, yet again, her understanding that the community in which she teaches 

quietly disagrees with evolution. This creates quite a dilemma for Jane - she knows she will not 

get much vocal resistance, yet she is very much aware that many of her students (and parents) do 

not agree with some of the content. However, the fact that Jane cited a community member as 

potentially being her boss one day, shows how influential the community members are in 

leadership of the schools. Jane shows her awareness of religiosity of students, parents, and 

potentially others in the community, with this quote. Her decisions about how she approaches 

evolution are not only affected by her students, but also by others in the community with similar 

religious affiliations.  

Summary 

 Jane’s knowledge about her students’ religious beliefs helped her negotiate issues within 

the evolution unit. Her students did not voice resistance, despite many of them likely identifying 

as creationists and not believing in evolution. Although the LDS expert verified that most of her 

students likely believe in the literal creation stories, many may not voice resistance because they 

haven’t been brought up in a time where the church as vocalized strong anti-evolution rhetoric. 

Rather, they are living in a time where the church is quiet on this issue, which could also mean 



132 

 

they do not support it. Additionally, there was no administrative pushback regarding the teaching 

of evolution in Jane’s school; however, the potential for a community member one day becoming 

‘her boss’ was very real for her. Jane’s own upbringing and her view of religion and science as 

intertwining, helped her placate issues with one student who voiced resistance this year. 

Ultimately, Jane’s knowledge of her students’ ideologies can be seen in her focus on 

microevolution and exclusion of human evolution.  

Summary of Themes 

This chapter painted a detailed picture of Jane’s pedagogical and conceptual approaches 

to teaching evolution. Coming from several generations of teachers, it seemed only natural for 

Jane to eventually end up in this profession. Her first career was as a social worker, before she 

made her way into the teaching profession. She initially began her teaching career as a special 

education teacher at the high school. Despite having taught close to a decade at the same high 

school, only recently (the last four years) has she focused on teaching biology, and therefore, 

evolution. Jane readily admits to her lack of content background and comfort in teaching 

evolution, which was evident during her lessons.  

Many of her pedagogical approaches, however, were not unique to the evolution unit. For 

example, she used videos and textbook-based worksheets during both the genetics and evolution 

units. When students asked questions during both units, she oftentimes referred them to the 

textbook for answers. These approaches may have been a reflection of her comfort level with 

general topics within biology. Additionally, several administrative directives related to the whole 

biology unit and not just to evolution. The development of a pacing map and requirement for 

‘data talks’ with other science teachers on Fridays affected the autonomy (or lack thereof) of 

Jane’s day-to-day teaching of her biology class.  
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Despite these similarities, many of Jane’s pedagogical approaches were unique to 

evolution. For example, throughout this study, she took a controversy avoidance approach to 

teaching this unit, which was reflected in her exclusion of human evolution, and in not providing 

a platform for students to talk; this prevented push-back on the subject of evolution. 

Additionally, her content focus on microevolution, without talking much about macroevolution, 

prevented any ‘controversial’ topics from being discussed. This content focus related back to 

administrative directives relating to teaching to the standards, and therefore, tests. However, this 

focus was also based on Jane’s in-depth knowledge of the community context, and therefore, 

religiosity of her students. As the LDS expert verified, many of Jane’s students are likely 

creationists, and thus, many may not ‘believe’ in the evolution content that she taught. These 

students could also bring with them a theistic view of evolution – with this idea, comes a general 

acceptance of some aspects of evolution (micro evolution) with a non-acceptance of others 

(macroevolution). This idea aligns with Jane’s content focus during her evolution unit.  

Overall, Jane negotiated issues of pedagogy, content, politics and culture very carefully 

based on her own experiences with the students and her knowledge of the subject area. Evidence 

from observations, transcripts, interviews, and artifacts from student work all show how she dealt 

with the difficult issues inherent to teaching an evolution unit. Throughout this study, she clearly 

wanted to teach the students more than the standards afforded, and found my research project as 

the perfect opportunity to try it out. She ultimately hoped that her comfort level with teaching 

evolution would improve as she continues to teach it in the years to come.  
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CHAPTER 5: FINDINGS (CASE OF BEN) 

Introduction 

 This chapter examines the case of Ben, a high school biology teacher in an urban public 

school district in southwestern Arizona. He grew up in central Ohio, where he attended a small, 

secular college preparatory private school from grades 5-12. Upon graduating from high school, 

he attended a large public university in the Midwest, where he received a degree in molecular 

biology (with honors). After taking a year off, he attended medical school, and left after one 

year. While Ben enjoyed the knowledge he gained in medical school, he did not like the idea of 

becoming a doctor. Shortly thereafter, Ben realized that he wanted to study evolution; as a result, 

he started a Master’s program in Ecology and Evolutionary Biology at a large public university 

in the southwest a year later. In 2012, he graduated with a MS degree focused on bioinformatics 

and computational biology.  

 While attending graduate school, Ben was unsure of the professional opportunities he 

wanted to pursue upon completion of the program. After several discussions with his advisor, he 

realized that while he enjoyed research, he did not love it. Ben spent more time preparing for the 

classes he taught while in graduate school, rather than doing research, so he thought that teaching 

might be the right path for him. His advisor suggested various routes to the teaching field, and he 

eventually chose a one year intensive teaching licensure program at the same university where he 

received his Master’s degree. Within two days of receiving his degree, he began the teaching 

program, and completed it one year later. Ben’s mentor teacher (with whom he student taught) 

retired soon after Ben finished the program, and Ben eventually got his job. As a result, he 

student taught in the same classroom where he currently teaches full-time. He finished his 

second year of full-time teaching during my research project. Although Ben taught both general 



135 

 

biology and Advanced Placement (AP) biology the semester I observed him, my project focused 

solely on the former.  

 Ben described his high school as moderately sized, with approximately 1,800 students 

and 200 faculty and staff. He characterized the student demographics as two different 

populations in the following way, “One is a population that comes from a little further north. 

And they are coming from a more affluent area. And one is a population that is coming basically 

from a 2.5 mile radius around the school… from an area a little bit closer to the school that is 

much, much less affluent… but we have students whose parents are going to check their grades 

and call them out if their grades don’t, if they aren’t in the right place. And then we have 

students where that’s not the case,” (Pre-Genetics Unit Interview, March 10, 2015). Despite the 

disparity in wealth, Ben explained how the two groups of students intermingle at school. He 

believes that the class divide between students ‘melts’ when they get to school. Most of the 

students in his regular biology class (about 70% of each class) live in the less well-to-do area 

near the school. Overall, he feels very safe at his school, and his perception is that everyone 

(students, staff, etc.) is very considerate of one another.  

Themes in Teaching Evolution  

This chapter examines the major themes that resulted from the data collected during two 

weeks of Ben’s genetics unit, and his entire unit on evolution. In the first theme, I describe Ben’s 

goals for his students that he re-visits during both interviews and classroom lessons. Upon 

completion of the evolution unit, he wants his students to view all things in the natural world 

through the eyes of evolution. In the second theme, I discuss how Ben’s inclusion of a diversity 

of topics within evolution was based primarily on the content his mentor teacher provided him. 

Ben then included what he felt was important in his curriculum. In the third theme, I explore how 

Ben’s in-depth content knowledge of evolution became both a resource for his teaching and a 
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source of internal stress during this unit. In the fourth theme, I examine how Ben’s views of his 

students’ abilities affect how he teaches the evolution content. The fifth theme focuses on the 

pedagogical tool of humor and relevance that Ben uses throughout his evolution unit. Although 

he attempts to connect to the students’ lives as teenagers in his teaching (using movies, video 

game examples, etc.), he ignores the cultural facets of their lives. In the sixth theme, I discuss 

how Ben frontloads issues relating to science/religion on the first day of the evolution unit to 

avoid potential controversy for the remainder of the unit. Finally, in the seventh theme, I address 

the lack of administrative and testing pressures placed upon him, thus giving Ben greater 

autonomy in his teaching.  

Theme 1: Ben’s Goal for His Students: Viewing All Things in the Natural World through 

the Eyes of Evolution 

Establishing the Goal and Essential Question  

The interviews, artifacts, and observations all showed that Ben’s goal for his students, to 

view all natural things through the eyes of evolution, was a pervasive component of his evolution 

unit. In this theme, I use examples from observations, interviews, and assessments as evidence of 

the importance of this goal in Ben’s vision of student learning. In the interview prior to the 

beginning of the evolution unit, I asked Ben about his goals for his students during this unit. He 

discussed them in context of his own understanding of evolution in the following way: 

I think that a nice goal would just be being able to present them with some sort of 

scenario and just have them explain it. Even at their own level, which might differ from 

student to student. Like I said at the beginning of this conversation, even when I’m 

walking around not doing any mental work, I’m still seeing every example as an example 

of evolution. I look at the mesquite tree all the time and I’m just like, what a marvel of 

evolution. And I look at the little weed that’s growing next to it and I’m like, amazing! 



137 

 

Evolution in action! I would love for them to look at certain scenarios, beautiful pictures, 

that’s kind of how I start my unit off is with my key terms day, is I show them a bunch of 

images of things. I say, explain it using evolutionary terms. And I think by the end I’d 

like them to be able to explain it. (Pre-Evolution Interview, March 16, 2015) 

Ben showed a sincere passion for the subject of evolution, and a desire for students to view this 

topic in a similar fashion. This was evident in both the words and the enthusiastic tone Ben used 

during this conversation. However, for Ben, viewing all organisms through the eyes of evolution 

is clearly not ‘work,’ and comes naturally. He also acknowledged that his students may be able 

to reach this goal in various ways, depending on their background knowledge. This topic of 

students’ varying abilities is one that that arises frequently throughout this unit, and will be 

addressed in more detail in a later theme.  

On the first day of the evolution unit, Ben started class by asking the students what they 

knew about evolution. Next, he discussed how this unit would last several weeks, and how 

students should keep careful track of their papers as a result. Following this discussion, he 

introduced the essential question the following way: 

That said, it is one of my more favorite units. I’m hoping that you guys are excited for 

it… I’m going to fast forward it a little bit and just tell you guys our essential question for 

the unit is one of the best I’ve ever had. I love this quote. It’s from this guy, he’s a 

Russian scientist, Theodosius, what a great name, right? Dobzhansky. He said ‘Nothing 

in biology makes sense except in the light of evolution.’ What did he mean by that? Talk 

to each other real quick…All of this stuff, literally everything we study in biology and 

every living thing on Earth, can be explained in evolutionary terms. And really, that’s one 

of my goals for you this unit is to get you guys thinking about natural living things, you 

know, mountains don’t evolve the way we’re going to talk about this unit. But when we 
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talk about living things, I want you to be able to look out at stuff and be able to say 

something about how it came to be. Not just, oh, well, it’s just a pretty flower. Or it’s a 

really nice tree. Or look how smart we are as humans. Be able to explain how things 

came to be that way using evolution. (Evolution Observation, March 19, 2015). 

Dobzhansky’s quote clearly aligns with Ben’s outlook on evolution as a unifying theme, and 

what he thinks students should learn by the end of the unit. By introducing this quote on the first 

day of the unit, and interjecting his passion about the topic, this set the stage for a positive 

experience for the students. This quote also shows the uniqueness of the evolution unit as 

compared to others, in that it is one of his favorites. Additionally, before he told the students the 

meaning of this phrase, he had them discuss it with each other (‘elbow buddies’). After the 

students provided their thoughts to the class, Ben scaffolded these ideas by diving deeper into the 

meaning of the quote. This scaffolding was a common pedagogical tool seen throughout the unit. 

Using Bell Work as an Important Time to Address this Goal 

 In both the genetics and evolution units, Ben started class with a bell work activity 

immediately after class began. This bell work was always the first slide on his daily PowerPoint 

that was visibly projected at the front of class. During my observations of both units, Ben spent 

substantial amounts of class time during both units making sure students understood the bell 

work. As he stated in an interview, “I think for me, bell work is just to get them kind of into gear 

for class,” (Weeks 1 & 2 Interview, March 27, 2015). From my observations, this was a time 

when students were provided ample space to discuss their thoughts on the content. Often times 

Ben spent one-third to half of the class discussing bell work with his students (one class lasted 

approximately 55 minutes), hence the reason for focusing on this component of his pedagogy for 

theme one. During the evolution unit, the content of the bell work frequently related back to 

Ben’s initial goal for the students. Figure ten shows one example where students explained how 
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an organism in the natural world (a caterpillar) evolved. This bell work question was introduced 

early in the unit, on day five.  

 

Figure 10. An example of bell work showing a link to Ben’s goal 

 After the students completed this bell work individually, Ben started a group discussion. 

His response to the first students’ answer was the following: 

I like that answer. He said one got a mutation, it helped it out, I would assume. So it 

survived more. If you survive longer, you can reproduce more. So the next generation, 

they got that mutation. That adaptation. They survived. They reproduced. So on and so 

forth. Do that fifty thousand generations in a row, and you are going to end up with a 

pretty strong population where all of them have this trait of being poisonous and colorful. 

Alright, other ideas? (Evolution Observation, March 25, 2015)  

Ben scaffolded the students’ response about how mutations could affect evolution. The students 

learned this concept during the genetics unit, just prior to evolution. He also discussed survival 

and reproduction, in addition to the idea that many generations are necessary for evolution to 

occur. It appeared as if Ben was not looking for students to use specific terms; rather, he hoped 

students would make their own sense of evolution using what they knew, and then he built on 
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those ideas. Ben made students feel comfortable during the bell work by positively reinforcing 

their ideas, and asking for a variety of responses. 

During the follow-up interview after this bell work was taught, Ben explained the 

connection between the essential question (Dobzhansky’s quote), and bell work that often times 

included discussions of how organisms have evolved: 

And you’ve probably already seen, I try to get them to explain things using evolutionary 

theory. And it think that’s just in an effort to get them closer to this (the essential 

question). And ideally, at the end of the unit, I should have them write an essay about 

how/why this quote is so important. (Weeks 1 and 2 Interview, March 27, 2015) 

Ben confirmed that he included these bell work assignments, (in addition to other opportunities 

during class), to have students explain natural scenarios through the lens of evolution, and to 

connect to Dobzhansky’s quote. This shows how serious Ben is about having students reach his 

initial objective for the unit. Although he referenced a potential exam question about this quote, 

no such question ever showed up on either of the two evolution assessments given during the 

unit. 

Assessments Include Components of this Goal 

 In addition to the bell work, questions on both of the evolution exams (the mid-unit and 

final) were aligned with Ben’s expectations that students could explain all things in the natural 

world through evolutionary terms. The reason he gave two exams during this unit was because it 

was a ‘beast’ of a unit – it took many weeks to cover during the spring semester. Specifically, in 

addressing the mid-unit exam, he stated, “I think in the future I’ll keep the mid unit test just 

because it’s a chance for them to solidify their knowledge of the basics before we move onto 

convergent evolution and co-evolution and sexual selection and other topics that are, you need 
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the basics for,” (Week 3 Interview, April 9, 2015). Ben viewed the content in this exam as a 

springboard for student success for the remainder of the unit.  

 I chose to focus solely on the mid-unit exam in this theme (instead of the final) due to the 

importance Ben placed on one exam question during an interview. This exam consisted of 25 

questions, mostly matching and multiple choice, but the last question, shown in figure eleven, 

addressed Ben’s initial goal. It shows an image the students discussed in class during a previous 

bell work assignment. 

 

Figure 11. A question from the mid-unit evolution exam 

In the follow-up interview after Ben had given this exam, I asked him to explain why he 

included various questions on his exam. In his response, he voluntarily focused on the question 

in figure 11, as it was clearly important to him. In doing so, Ben stated the following: 

And so I just, I left it open. And that’s going to be a grading nightmare, but, I really think 

it’s important that they have an opportunity to look at a scenario. Plus, it’s a scenario that 

they’ve seen before, so it’s not unfair. And explain it. Just explain this. And then they can 

have a little free range to show me what they’ve got. Show me their knowledge. (Week 3 

Interview, April 9, 2015) 
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Similar to his strategy in class, Ben used the assessment as a way for students to provide open-

ended responses, without specific details in mind for responses. Connecting back to his initial 

goal for his students, this is a scenario in the natural world that Ben hoped the students would be 

able to explain through evolutionary concepts. In doing so, he did not give them a question that 

was impossible to answer, but rather, one that was familiar, and thus, ‘fair,’ from his perspective.  

I asked Ben what he expected of his students from this exam question, and he responded 

in the following manner: 

But I’m hoping that at the very least they can talk about VOID. There’s variation in mice. 

There’s more mice then there’s coverage. There’s inheritance of whichever trait is most, 

is differentially selected. The selective pressure, it would be great if they could use the 

term selective pressure. Talking about the bird applying selective pressure on coat 

color… I’m excited to see what they show me on the test in terms of that last question. In 

terms of that goal, if they can reach it. (Week 3 Interview, April 9, 2015)  

To clarify, Ben introduced the acronym VOID (variation, overpopulation, inheritance, 

differential survival and reproduction) during week two of evolution to help students understand 

natural selection. Ben’s expectations for the students aligned mostly with this concept he taught 

them earlier in the semester, in addition to more advanced terms such as selective pressure. His 

tone of voice during this discussion also showed his sincere interest in learning how students 

would respond to this question. This was likely due to his own passion for evolution, as 

described earlier in this chapter. This excitement for evolution, and the goals he set for students, 

was seen not only during class time, but when he approached assessments as well – it pervaded 

the unit in various ways.  

 

 



143 

 

Summary  

Ben began the evolution unit by explaining the essential question and his goals for the 

students. He wanted students to be able to explain scenarios in the natural world using 

evolutionary terms. This goal stemmed from his sincere passion and knowledge for the subject. 

Oftentimes teachers discuss an objective only once, never to be re-visited again. With Ben, this 

was certainly not the case. As was evidenced through interviews, artifacts, and observations, he 

took his goal seriously and sincerely wanted his students to reach this objective. Ben used bell 

work (at the beginning of class) as a time for students to discuss their ideas about previously 

learned evolutionary concepts. He created a safe space for students to discuss their ideas, and to 

show him if they reached his goal. Ben used a similar strategy in his assessments by providing 

space for students to address the objective yet again. Ben’s inclusion of this goal throughout the 

unit demonstrates not only careful attention to pedagogy and content, but it also shows the 

importance he places on his students viewing the natural world in a particular way. 

Theme 2: Evolution Content Included a Diversity of Concepts Based on Mentor Teacher 

Influence and Topics he Deemed Important 

Ben’s Views on Microevolution versus Macroevolution 

Using interviews, observations and artifacts as evidence, in this theme I will show how 

Ben covered a diversity of topics during his evolution unit. As he stated in an informal 

conversation, the topics he included resulted from the information given to him (PowerPoints, 

activities, etc.) from his student teaching mentor, and from this, what he deemed as important. As 

will be evidenced below, students’ prior knowledge and time constraints also affected his content 

focus. Additionally, I will discuss the subtopics within evolution that he covered during my 

observations (ex. human evolution), and will explore his exclusion of other topics, such as deep 

time.  
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Prior to the beginning of the unit, I asked Ben if he focused on microevolution, 

macroevolution, or both during his unit. His response focused mainly on how important it is for 

his students to understand the concept of common ancestry. From this response, it appeared as if 

he planned to focus on the larger, or macro, picture of evolution in his classroom, so I asked him 

to confirm my initial impression. He responded accordingly: 

I think macroevolution seems to be more… um….you’re right, what I was just talking 

about was teaching macroevolution. I think that's majorly what we teach. In terms of 

microevolution, you know, the evolution of populations as genes frequencies change, we 

don’t teach it that much because two things – one, it requires some math. Even if we do 

something as simple as allele frequencies changing over generations. And just show a 

graph, oh, look – brown hair allele got more common. It’s still a little bit of math and I’m 

immediately going to lose half of my students as soon as I start talking about that. (Pre-

Evolution Unit Interview, March 16, 2015) 

Ben’s response confirmed his plans to focus on macroevolution during class. The reason for not 

spending much time on microevolution stemmed from students’ knowledge of math, an idea I 

will dive deeper into in a later theme. However, students’ content background knowledge, more 

generally, clearly affected the content he taught. Later in this conversation, Ben discussed why 

he planned to teach few concepts relating to microevolution. He stated the following: 

But, microevolution is tedious. And it’s slow. From a deeper level, obviously you need 

microevolution to understand macroevolution, but I think microevolution, at least in my 

class, just gets taught as tiny steps. There are baby steps toward this bigger process that 

we can look at examples of. Which as we are talking about it I realize, it’s always 

unfortunate. But that’s where we are at with regular bio. (Pre-Evolution Unit Interview, 

March 16, 2015) 
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Ben showed that shying away from microevolution was not a result of its lack of importance in 

understanding the entirety of evolution; rather, he felt that the complexity could not be addressed 

in his introductory biology class. From the tone of the conversation, Ben appeared dismayed that 

he could not teach the level of microevolution that he would have liked. He realized during our 

interview that the general nature of the introductory biology course limited the degree to which 

he could deliver higher level content.  

Evolution Concepts Covered during the Unit 

Planning. Ben did not include me in any planning sessions during either unit, nor did he 

provide me with a curriculum map. As a result, my findings in this portion of theme two 

originate solely from interviews, artifacts, and observations. During the evolution unit, when I 

had asked to plan with him, he responded in the following manner, “I’m not doing much in the 

way of planning, besides going through my slides….so I’ll be doing much of the same lessons as 

I have done in the past,” (Email, March 12, 2015). In the pre-evolution unit interview, Ben 

discussed further how he planned in retrospect. He stated the following: 

I will probably have a unit plan, but it probably won’t be complete until the last day of 

the unit. As far as the outline though, what I’ve done is just take all of my files and I 

number them. I’m going to start with…(I asked if he planned by day and he 

responded)..Nope, by topic…And so really, I think what you see is what I think is 

important of what I got from my advisor. (Pre-Evolution Unit Interview, March 16, 2015) 

Ben took the content from the previous year, which originated from his student teaching advisor, 

and used it to teach the evolution unit this year. Through informal conversations, he mentioned 

that he personalized this content by ‘tweaking’ the PowerPoints. As such, the content I observed 

was a combination of his advisor’s work, and Ben’s own personalization of it. Additionally, Ben 

created units plans at the end of the unit to help him set up unit for the next year. This allowed 
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him flexibility in the number of days he taught particular topics within evolution. Although he 

detailed the number of days outlined for specific topics during this interview, Ben seemed 

flexible on the time allotted to each of them. 

 Diversity of topics covered within evolution. In the pre-evolution unit interview, Ben 

talked at length about the topics he planned to cover during the unit. He mentioned Darwinian 

evolution, a discussion of the scientists important to the development of evolution, the VOID 

acronym, evidence for evolution, and then he stated the following: 

We do modes…..modes of natural selection, sexual selection, and then types of 

evolution. So modes of selection are divergent, stabilizing, and, not divergent, disruptive, 

stabilizing and directional. And then, types of evolution are convergent, divergent, 

parallel, and co evolution. And I really think that that’s kind of the keystone lesson is the 

types of evolution because it really gets to the idea of how things become different or 

ending up looking similar or how they end up relying on one another. (Pre-Evolution 

Unit Interview March 16, 2015) 

The topics Ben discussed in this initial interview aligned perfectly with the topics he covered 

during my observations. Of interesting note is his labeling of the ‘types of evolution’ component 

as a keystone lesson – this showed the importance he placed on this concept for student learning. 

This quote also reinforces Ben’s comments earlier in the chapter regarding the significance he 

placed on macroevolution within this unit. 

The ‘types of evolution’ lesson lasted two days of this unit, which was the length of most 

of the topics he covered during evolution (his unit lasted fifteen instructional days). When I 

asked Ben later in the interview which topics he felt most comfortable teaching within evolution, 

he discussed this particular lesson (in addition to sexual selection). In his response, he also talked 
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about how his Master’s research focused on determining types of evolution in organisms, hence 

his comfort level and the importance he placed on this topic in class.  

Exclusion of deep time. During the pre-evolution unit interview, Ben explicitly stated 

that he did not plan to include lessons on deep time. Because this is a topic that is generally 

associated with an evolution unit, I asked Ben why he chose not to include this topic. Within his 

response, Ben discussed briefly how he taught deep time over the course of several days the 

previous year (his first year of teaching). He then stated the following: 

Deep time. Exactly. That’s kind of stuck in with evolution. I’m not sure it really fits. But 

it is something we are supposed to cover so that will probably be part of this unit and I 

don’t know if…I don’t know what I’m going to do with that this year. Geologic time, 

deep time kind of gets thrown into this unit even if it doesn’t exactly fit. It should 

probably go with our classification unit when we talk about phylogenetics. (Pre-

Evolution Unit Interview, March 16, 2015)  

To clarify a point in the quote above, Ben taught classification as a separate unit just prior to 

evolution this past year. From Ben’s tone of voice, he did not feel that deep time should be 

taught within the evolution unit. Clearly, he did not mention that it was unimportant, nor was he 

uncomfortable teaching it; rather, its placement within evolution (based on experience from last 

year) was not right. This quote also shows Ben’s reflective nature with regard to his prior 

teaching practice; although he was given a lot of content from his student teaching mentor (as 

noted above), he used his own teaching experiences to determine what was best for his own 

teaching style, and his students. This is also evidence of how Ben’s teaching has evolved during 

only two years of teaching.  
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My observations showed Ben never taught deep time as a formal component of this unit. 

In the post-unit interview, I asked him why he excluded geologic time. He initially reiterated the 

points above about it not fitting into the unit, but he also discussed other aspects in more detail: 

I think that…..what students need for the evolution unit as far as that, is that things take a 

really long time and that we do know that the Earth has been around for a really long 

time. And going into the details of all of the details of what’s happened along the way, 

and how we established that timeline, is…we were out of time. We didn’t have time to go 

into it, and frankly, I think it confuses them a lot. And I think just simplifying it and say 

the Earth is really old and evolution takes a really long time and Earth being old accounts 

for that. (Post-Evolution Unit Interview, May 7, 2015)  

Ben explained how the geologic time lessons could potentially be taught more effectively in a 

manner other than that of memorization. He thought the major themes about evolution, in that 

the Earth is old and evolution is a long process, is much more important for student learning. 

These latter concepts arose occasionally during my observations. This quote also showed some 

of Ben’s conceptual decisions were based on his reflections of what did not work the previous 

year, the time constraints of classroom teaching, and concepts he deemed important within 

evolution. 

Inclusion of human evolution. Although Ben did not explicitly teach deep time, he 

referenced the time required for evolution to occur during multiple classroom observations. This 

happened often during the ‘types of evolution’ lessons, due to the nature of the content. One of 

the best examples of divergent evolution, as Ben stated, was that of human ancestry. Figure 

twelve shows the PowerPoint slide he included on this topic.  
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Figure 12. Slide that showed human ancestry as an example of divergent evolution 

Ben spent approximately ten minutes on one day discussing this particular slide with his 

students. He went through each species and discussed its age and relation to current day humans. 

Below is an excerpt from the beginning of this discussion: 

Another example of divergent evolution is human ancestry. And we really like studying 

human ancestry because we are humans and we want to know where we came from. So 

here’s the family tree of humans (shows skull tree on slide). First of all, find us. Where 

are we?? Yeah. H. Sapiens. Right here. Homo sapiens. That’s us. And you look at the 

skull and you are like, yup, that’s us…. But if you can read it, the last common ancestor 

of Homo sapien, that’s us, and Homo erectus, which is one of our extinct cousins, was 

Homo ergaster. If you can imagine that this species was doing its thing, and something 

led to, whether it was food or geographic separation or any number of reasons, something 

led to that group being split into two. And evolving a little bit differently. Becoming two 

different species. (Evolution Observation, April 29, 2015) 

Ben introduced this topic by relating it directly back to the students. In a later theme, I will 

discuss how this pedagogical approach was common during his lessons. Additionally, Ben 



150 

 

mentioned the term common ancestry (this was not the first time he used it in class), along with 

the time frame shown in this slide, which in conjunction, helped teach the longevity of evolution 

more generally. Through this lesson, Ben showed his students that we were not the first Homo 

species, and that we did not just arise out of nothing. He explained potential reasons for 

divergence in simple terms as well.  

 After Ben finished teaching the evolution unit, I asked why he decided to include human 

evolution in his unit. He responded in the following way: 

It’s something I’ve always had in that lecture. And honestly, that particular set of slides, I 

haven’t really changed it a lot from the ones that I adopted from my predecessor. So 

those are just kind of in there…And then when we came across it, or when I came across 

it in class the other day, it was like, oh yeah, this is another example of divergent 

evolution. And, I think I would’ve liked to spend more time talking about it, but it really 

was just an example of one of the fours things we have to cover that day. (Post-Evolution 

Unit Interview, May 7, 2015) 

Ben did not view human evolution as something ‘special’ or different from any other topic in 

evolution; rather, it was just part of the content for the evolution unit. He clearly had not 

previewed this lesson before teaching it; despite this, he allowed for an in-depth class discussion. 

This latter point, in addition to his desire to dive deeper into human ancestry, shows Ben’s 

comfort level with teaching evolution, and the unnecessary nature of screening or blocking any 

content from the students.  This quote also reinforces Ben’s reliance on the information 

previously given to him from his mentor teacher.  

 In response to the same question about why he included human evolution, Ben went 

further into his presentation of the content and how it was perceived by his students. He did so 

by stating the following: 
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And so, it was covered, I think, very matter of factly, and I think that’s the way the kids 

take it. When I just say, because I’ve said before, the kids have a lot of trust in me in 

terms of what is true, or what they see as truth. So when I say, look, this is an example of 

divergent evolution, and we can look at these skull structures, and I was happy to see, I 

think, a day later or so, I don’t know if it was in the class you observed or not, but kids 

were talking about how the skull shape was indicative of relatedness. And then we can 

see that there was this pattern of slowly changing skull shape. And we can trace it all the 

way back. (Post-Evolution Unit Interview, May 7, 2015) 

Ben mentioned how his students trusted him and therefore, the content he taught. This was also 

apparent in the rapport between him and his students during all of my observations. During 

evolution and genetics, I never heard the students question the content he taught them. This 

relationship building was important for student learning in general, and especially during topics 

where the students might doubt the content, such as human evolution. This quote also shows 

evidence of what the students learned during this lesson – Ben reiterated what students had 

discussed regarding the slow evolution of organisms, and humans, in particular. He was clearly 

pleased to hear the students repeat what he had taught them in class. 

Summary 

 In this theme, I discussed Ben’s conceptual approach towards his evolution unit. Before 

the unit, he discussed the importance of understanding both microevolution and macroevolution, 

but due to the tedious nature of the former, he included few such concepts. Interviews and 

observations showed he taught a diversity of topics including some based in microevolution (e.g. 

natural and sexual selection), and others on macroevolution (e.g. types of evolution). Ben chose 

not to explicitly teach lessons on geologic time because it did not belong in this unit, and the 

bigger picture was more important to him. Interestingly, he included human ancestry as a part of 
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a lesson on types of evolution – this was a topic he covered very ‘matter-of-factly,’ and in doing 

so, he encountered no student resistance. Ultimately, Ben’s content choices were a 

conglomeration of work from his mentor teacher, time allotted to teach particular concepts, and 

the importance he placed on ideas students should know.  

Theme 3: Ben’s In-Depth Content Knowledge as a Resource to His Teaching and a Source 

of an Internal Struggle 

In-depth Content Knowledge as a Resource 

As I discussed in the introduction to this chapter, Ben has an in-depth background in 

biology, which includes a Master’s degree in evolutionary biology. In the current theme, I will 

use data from observations, artifacts, and interviews to show how this knowledge of evolution 

became a resource to his teaching - it enabled him to carefully explain scientific concepts and ask 

his students higher level questions. Later in this theme, I will show how this knowledge of 

evolution created an internal struggle for Ben as well.  

 Careful explanations of scientific concepts. Throughout the evolution unit, Ben paid 

careful attention to the scientific meaning of words he used during class. Although concepts on 

PowerPoint slides loosely guided his lessons, he went into greater explanation of ideas during 

most classes I observed. He rarely addressed concepts solely by reading the definitions on the 

slides. During my four observations of Ben’s genetics unit, it was clear he understood the 

concepts he taught; however, the attention to words and the depth he went into particular 

concepts in evolution appeared unique to this unit. During my observation on the first day of the 

evolution unit, instead of diving into evolution content, he started the unit by describing 

scientific theories in the following way:  

The theory of evolution is a lot like the theory of gravity. It is a theory. The majority of 

scientists on Earth agree with it mostly because there is a lot of evidence for it. So like 
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evidence for the theory of gravity is that if I drop it, it will fall. If I drop this thing, it will 

fall. If I take you and put one of you up in a tree, and you lose your balance, you will fall. 

There’s lots of evidence for gravity. There’s lots of evidence for evolution as well. And 

so I think they are pretty much on par with how much evidence there are for them. 

(Evolution Observation, March 19, 2015) 

Ben started the unit by making sure students understood the scientific word theory by providing 

them with a visual example. He accomplished this by discussing it in simple terms that they 

would understand. Ben used this conversation on theories as a way to show students the strength 

of evolution as a scientific explanation that is widely accepted. By linking this example to the 

students, and to an idea that most of them likely accept (gravity), Ben connected with his 

students and hoped they would view evolution as valid and unquestioned.  

On the next day of the unit, Ben spent time discussing the colloquial versus scientific 

meaning of the word evolution, before they dove deeper into the content of the unit. He held a 

close pin in his hand and discussed this object in the following way, in context of evolution: 

The word evolution alone just means change. We see things evolve all the time. You 

guys ready? I’m going to do some magic. What is this thing? (shows them a clothes pin) 

It’s a close pin, right? You guys ready to watch it evolve? I’m going to make it evolve 

right before your very eyes. You like that? Ready…let’s watch it evolve again. It’s 

evolving! Change. Changing shape. Changing position (drops it). Changing whether it 

works or not. No, I’m not going to break it. But I could. I could change the function of 

this thing by ripping it apart. That was just two pieces of wood and a piece of metal. 

Evolution just means change and things evolve. If anyone ever tells you that they don’t 

believe in evolution, slap them and be like, my hand’s position just evolved from my side 

to across your face (students laugh). And then tell them that what they mean is, well, if 
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they are disagreeing with it, probably what they are disagreeing with is evolution by 

natural selection. And evolution by natural selection is how living things evolve. And 

that’s what we are going to talk about in this class. (Evolution Observation, March 2015)  

During this interactive demonstration, Ben carefully distinguished between the scientific and 

colloquial meaning of evolution early in the unit. This quote also shows his awareness of the 

social controversy surrounding the idea of evolution, and referred to it through the inclusion of 

humor, rather than dealing with it in a more serious tone. After his comment above, Ben showed 

the students a quick, two minute clip online that showed the difference between evolution and 

evolution by natural selection, primarily through animations. The significant amount of time Ben 

spent during one lesson showed the importance he placed on distinguishing the difference 

between these terms.  

 After carefully clarifying the terms theory and evolution, Ben continued to pay keen 

attention to scientific words throughout the unit. For example, after he introduced the term sexual 

selection on day twelve of the unit, he clarified the term ‘copulate’ by stating, “We use the word 

‘copulate’ in science. It refers to the physical act of mating,” (Evolution Observation, April 27, 

2015). Additionally, when Ben introduced the term fitness (and the PowerPoint slide that 

referenced this idea), he explained it in the following way during class: 

Fitness. Ah, one of the most important terms. In biology, this is how well you are able to 

reproduce. Being strong or tough or fast, the traditional things we think of when it comes 

to fitness, is only useful if it contributes to you having more babies. Or, more healthy 

babies. Or more well-adjusted babies. Babies that can have babies of their own.  (Student 

briefly interrupted and mentioned how he looked up the word fitness, and it was defined 

as ‘health.’ The next portion of the quote is Ben’s response). Oh, of health. Well, the 

word fitness means something different if you are talking to say, like, a doctor. Right? If 
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a doctor says you need to improve your fitness, what he means is, or what she means is, 

you need to work out more. But, like, if an evolutionary biologist tells you that you need 

to improve your fitness, what they mean is you need to have more babies. (Evolution 

Observation, March 20, 2015) 

Ben informed students that the term fitness was an important one for them to understand during 

this unit. Additionally, he permitted a student comment during his explanation, as he did 

oftentimes during lessons. Allowing student interruption and talk was an approach that showed 

Ben’s comfort level with the topic. This quote also shows how Ben addressed the students’ 

misconception quickly and accurately. He accomplished this by making it relevant to the 

students, and then putting it in context of the current unit. In a follow-up interview, he 

acknowledged that this term (fitness) is commonly misconceived by the students, and by 

discussing it early and in detail helps prevent misuse later in the unit.  

 Asking higher level questions. Throughout the evolution unit, during bell work and 

other activities, Ben asked his students higher-level questions that required more than just factual 

recall. For example, on the fourth day of the unit, Ben talked about scientists’ ideas on evolution 

prior to Darwin. He had just discussed Lamarck, and posed the following question to the 

students. Although Ben brings up Weisman in this quote, he had not yet told the students 

anything about this scientist or his experiments: 

So we got this guy, Lamarck. And his hypothesis of inheritance of acquired 

characteristics was eventually disproved by a German guy named Weisman with some 

experiments with mice in the 1870s. Now I put it to you.  If you were trying to disprove 

Lamarck, if you were trying to disprove Lamarck, you were trying to show that acquired 

characteristics are not inherited, and you were studying mice, or whatever. You could be 

studying whatever you want. I want you to come up with an experiment that you could 



156 

 

show evidence against Lamarck’s idea. Talk to each other. Come up with an experiment 

that would disprove Lamarck. (Evolution Observation, March 24, 2015) 

Since Ben had not yet told the students about Weisman, this was an open-ended exercise to 

determine if they could predict his experiment. He allowed students to talk to one another to 

devise an experiment, a pedagogical approach he used often during both the genetics and 

evolution units. This activity shows that Ben did not focus on factual recall; rather, he wanted 

students to think through complex ideas. They had to understand Lamarck’s idea before they 

could disprove them. Ben also gave the students leeway to pick their own organism of interest to 

make it the exercise more relevant to them, and he did not require them to use particular 

vocabulary words or concepts. Understanding the open-ended nature of this question, Ben was 

ready to respond to any student ideas – this showed his comfort level with the content.  

Many of Ben’s bell work assignments included higher-level questions. For example, 

figure thirteen shows the bell work on day ten of the evolution unit. The day prior, Ben had 

talked about directional selection, but had not yet discussed other modes of selection.  

 

Figure 13. Bell work assignment on day ten of the evolution unit.  
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This bell work assignment required an understanding of directional selection before students 

could address other ways selection could act on organisms. After Ben gave the students several 

minutes to complete this question individually, no one offered to answer the question as a group. 

Some students stated that they did not understand the question, so Ben had them talk in pairs 

about what they did not understand. When they returned back to the group, it became clear that 

they did not comprehend the word ‘extreme.’ Ben explained the meaning of ‘extreme’, and even 

then, students had a difficult time answering this question. This higher level question created a 

difficulty for students, and Ben dealt with this by having students talk to each other to help them 

first determine what they did not understand, and from there, talk to each other about the answer 

to the question. As Ben stated in an informal conversation, it was a difficult conversation for him 

that morning with the class I observed, and other classes as well.  

In-depth Content Knowledge as a Source of Internal Struggle 

The bell work on selection was one of many examples of the higher level questions Ben 

asked during the evolution unit. From this particular example, it was clear that the students 

struggled to effectively answer this question, and Ben appeared a bit frustrated during my 

observation as well. Through several interviews during the evolution unit, my assumptions about 

a potential internal struggle became substantiated. For example, before the unit started, I asked 

Ben about his personal perspective on evolution, generally. He stated how important it is to 

teach, and then stated the following: 

 I think the difficulty there is that I understand it at such a deep level, and sometimes I 

feel like that deep level is essential to seeing something in a certain way. And so I often 

get personally frustrated, not with my kids, but kind of just with the nature of it, that I 

can’t fully convey how I see things to them… And so I think just, I think the biggest 

difficulty is me wanting to get them to a high level and finding out for every class it’s a 
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little bit different where they are starting from. And a lot of the time it’s expectation 

management for me. So I think that’s one of the difficult things, especially with 

evolution, again, because I care about it so much. And I get so excited about it. (Pre-

Evolution Unit Interview, March 16, 2015) 

Ben’s tone of voice during this conversation showed that he cared deeply about evolution, and 

was frustrated that his students did not always see the content the same way he did. He 

confirmed what I noticed in class, how many of his lessons included higher level thinking, and 

this was indeed an expectation he had of the students (that they could think at this level to fully 

understand evolution). Although Ben is passionate about science, more generally, the evolution 

unit is unique for him - it caused an internal struggle between his own in-depth understanding 

and expectation management of his students.  

At the end of the unit, when I asked Ben about his biggest challenges of the unit, he 

referred, yet again, to this internal struggle in the following way: 

I think really….I think….and this is kind of a constant challenge, but it really felt strong 

in this unit, is…knowing where to set my expectation levels and my, whatever, to push 

them. How much, how good an explanation is a good explanation. (Post-Evolution Unit 

Interview, May 7, 2015) 

Ben’s discussion prior to and upon completion of the unit showed this enduring personal 

struggle, and how much it affected his teaching. Although he acknowledged his high 

expectations for his students more generally, this seemed to be more of a heightened struggle for 

the unit he felt most passionate about – evolution. From these quotes, it appeared as if this 

struggle would persist in his teaching, since he will continue to teach this content as long as he 

teaches biology. 
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Ben also discussed one aspect of this internal struggle when I asked him about content 

within evolution he was less comfortable teaching. He responded in the following manner:  

I think honestly evidence for evolution is, is actually one of my weaker points because 

like I said, I kind of see the world through an evolutionary lens. I don’t ever take the time 

to, I never took the time to really learn why vestigial structures, I understand it, I 

understand it so deeply that I never think of ways to explain it. And so, so I think that’s a 

weakness. (Pre-Evolution Unit Interview March 16, 2015) 

When I asked Ben this question, I expected him to discuss a concept he did not understand well; 

instead, he answered this in context of an idea he comprehended so deeply that it affected how he 

taught it. From this response, the internal struggle of understanding something so well and not 

knowing how to teach it effectively became apparent yet again. I noticed that Ben only taught 

one lesson on the evidence for evolution, and it took place on the last day of the unit. Ben’s 

quote provides further evidence of how he views the world, and the importance he places on the 

unifying nature of evolution in understanding the natural world.  

 I asked Ben how he dealt with the struggle of balancing his background knowledge with 

how or what to teach about evolution. He responded in the following way:  

I’m glad I have VOID because otherwise I would just get so tangled up explaining all of 

the important things that Darwin said and thought of and how they all work together. So 

honestly I think VOID, the reason I like it so much, is because it helps me focus. I’m like, 

these four ideas, that they can wrap their minds around that I can teach directly instead of 

just being like, ok, evolution, evolutionary theory. Go! And I would just, I could talk for 

an entire semester about different aspects of evolutionary theory and they would be 

completely lost. (Pre-Evolution Unit Interview, March 16, 2015) 
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Ben dealt with his internal dilemma by taking a big concept and referring the students back to it 

often during the unit. Clearly Ben’s knowledge about evolution would be sufficient for an entire 

class on this topic, something he also recognized. However, he was aware of what his students 

needed to know for his class, and realized that bringing concepts back to VOID would help keep 

him on point. My observations showed that despite his coverage of a wide range of concepts 

during the evolution unit, often times he brought his students back to VOID during discussions. 

Summary 

 Through interviews, observations, and artifacts, I showed how Ben’s in-depth knowledge 

about evolution was both a resource for teaching, and a cause for internal struggle. Ben paid 

careful attention to detail when discussing scientific words, such as evolution and fitness, as he 

used them during the unit. As such, his PowerPoint slides were guides (and starting points) for 

his further discussion about concepts. This pedagogy, in addition to the inclusion of higher-level 

questions, showed Ben’s comfort level with the content during this unit. However, evidence from 

in-class discussions and interviews showed how Ben struggled with balancing his in-depth 

knowledge and passion for evolution with his expectations for the students. One way he dealt 

with this dilemma was by focusing on one concept, VOID. This prevented him from talking too 

much about the details of evolution, and therefore, potentially losing his students’ interests.  

Theme 4: Ben’s Views of Students’ Prior Knowledge Affected his Pedagogical Approach to 

Evolution and Genetics 

Genetics Unit 

 During both the genetics and evolution units, Ben’s views of his students’ prior 

knowledge about biology affected his pedagogy. The issues in each unit were different, but he 

approached them in similar ways by having students self-reflect on this knowledge. Through 

observations, and interviews, I will show evidence of how Ben’s conceptions of his students’ 
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background in biology affected his pedagogy. I will also link Ben’s own internal struggles during 

the evolution unit, as described in the theme above, to one approach for teaching students about 

mathematics.  

Upon completion of the genetics unit, I asked Ben (via an email) to describe the difficulty 

level of genetics versus other topics for his students. He responded with the following statement: 

Genetics is a weird unit because some kids (about half) had a pretty in depth genetics unit 

in 8th grade. So for those kids, genetics is pretty easy. For those that have never had it 

before, genetics can be pretty daunting. I usually aim for a pace about midway between 

their knowledge levels, so the second group (who hasn’t had genetics before) tends to 

think it moves pretty fast. To bridge the gap, I give a lot of practice problems, so that 

group 2 can catch up, and group 1 can get in extra practice (along with challenge 

problems here and there to keep them moving forward). (Email, February 10, 2015) 

Ben described two different groups of students with prior knowledge at opposite ends of the 

spectrum. From his viewpoint, there were no students with knowledge in between these two 

extremes. Additionally, Ben acknowledged these differences in genetics background knowledge 

and changed his teaching style based on this, by aiming to reach them in the middle. In a follow-

up conversation, he confirmed this disparity in knowledge as unique to the genetics unit. 

During one of my observations of Ben’s genetics lessons, it was apparent that his 

pedagogical approach was based on differences in student knowledge. Below is a quote from this 

portion of the observation. To put things in context, the students were in the middle of an activity 

called Dragon Grandbabies, where they mated different dragon parents and determined the 

children/grandchildren’s phenotypes and genotypes. At this point in the lesson, Ben was about to 

split his students into groups to complete the activity: 
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How do you avoid being that group that gets to here and doesn’t know what to do? (he 

points to data table on PowerPoint slide). You’ve got to be honest with yourself. You’ve 

got to look at the other couple of people in your group, and say, does any of us know 

what’s going on? I know that’s a really harsh thing to say. But if you don’t know what 

you are supposed to be doing right now, if you are not getting the coin flipping and the 

homozygous versus heterozygous stuff, you need to be working with someone who does 

get it. And if you do get it, try to spread yourself out. If you and your partner totally get 

it, maybe try to work with a group that doesn’t quite get it. If you know what you are 

doing, try to work with someone who doesn’t know what they are doing. Because 

otherwise, we are going to end up with groups of people where all four people don’t 

know what they are doing. (Genetics Observation, March 2, 2015) 

Ben’s pedagogical strategy was likely based on his previous experience with students who 

showed the disparity in genetics knowledge. His approach was to help students reflect on their 

own understanding of the concepts, and in doing so, he trusted them to decide their own level of 

understanding. Ben relied on students’ honest assessment to eventually get them to a point where 

they could effectively complete the activity. Additionally, Ben used the strategy of peer teaching 

often during both genetics and evolution units. What was unique about this particular genetics 

lesson was Ben’s acknowledgement of students’ differences of abilities as a basis for their 

pairings.  

Evolution Unit 

In addition to the genetics unit, Ben acknowledged differences in student knowledge 

during the evolution unit as well. Again, he used his view of student background knowledge to 

determine how to teach the content. Before the evolution unit started, I asked Ben what exposure 

students have had previously with evolution. He responded in the following manner: 
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So I mentioned to you before, with genetics, half of my kids have had a deep dense unit 

on it, which my unit only takes a couple things and goes further with. So some kids come 

in with a ton of genetics, some kids don’t. I don’t think that kids come in with nearly as 

much evolution knowledge. I think they come in with the misconception of linear 

evolution rather than branching evolution... And so I think that they have general 

misinformation about evolution, but they’re not scared of it. (Pre-Evolution Unit 

Interview, March 16, 2015)  

Ben reiterated the disparity in genetics knowledge, but then he contrasted it with their 

background in evolution. Not only did Ben clearly think that the students had less overall 

knowledge of evolution than genetics, but he also described some misconceptions that they held. 

From the quote above, Ben acknowledges students’ misinformation on big topics within 

evolution, but he felt that students were willing to learn about them. This would likely lead to 

little, if any, push back during his teaching. This also shows that Ben’s struggles in genetics were 

different from those within evolution; at no point did Ben discuss misconceptions within the 

former unit. However, students’ misunderstanding of concepts within evolution arose several 

times during our informal and formal discussions during the unit. 

During this same interview, I asked Ben if there was anything that may impact his 

teaching of evolution. His response, below, links student knowledge with his own internal 

struggle, as discussed in a previous theme:  

Honestly, the one struggle I have is, and this is just a personal struggle, is not teaching 

microevolution in the Hardy Weinberg sense.  I can’t because what is .7 squared is just 

way beyond most of my ninth and tenth graders, which is frustrating. I just can’t teach the 

math of it…And with regular bio, I’m just like, Hardy Weinberg equilibrium – it’s the 

theory that some populations aren’t evolving and it doesn’t exist in nature. All 
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populations are evolving. That’s how we measure it. Not even going to tell them that this 

is how we measure it. (Pre-Evolution Unit Interview, March 16, 2015) 

Ben initially referred back to the internal struggle of balancing his own knowledge with student 

understanding, as discussed in the previous theme. In this specific example, he discussed his 

students’ lack of prior knowledge in math, which clearly affected his approach to teaching a 

concept he viewed as important. Ben’s pedagogical approach was to exclude mathematical 

calculations, and provide the students with the main idea instead. Through this strategy, he hoped 

the students would grasp the meaning behind the results of the calculation, but not necessarily 

how they would go about measuring it.  

Although Ben did not include mathematical calculations based on Hardy Weinburg 

equilibrium with his evolution curriculum, he spent two days on an activity that was based on 

gene frequency calculations. On day nine of his evolution unit, he introduced these calculations 

to help prepare his students for a lab called Breeding Bunnies. During this lab, the students 

would calculate frequencies of alleles in populations of bunnies. Before Ben introduced the 

calculations to the students, he asked them to consider their own math abilities. This is seen in 

the quote below: 

I have to ask you guys a question. Just a bit of honest, self-reflection. How many of you 

are good at math? Like, math is pretty easy for you. Ok, here’s the deal, guys. I’m going 

to give you two strategies to do a lot of different problems here. There’s the not-so-math 

version, and the math version. So if you are good at math, and I’m talking about the math 

version, pay attention. Challenge yourself. See if you can learn a new trick. If you are not 

good at math, if you know, you know what, numbers are just not my thing, I’m going to 

walk you through the easier way to do it. (Evolution observation, April 7, 2015) 
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Ben’s pedagogical strategy was similar to the genetics example above - he had students self-

reflect on their own math abilities prior to beginning the activity. However, in this specific 

example, he did not have students pair off to do the work. At this point in the lesson, he 

acknowledged two groups of people in his class – math and non-math students. This shows how 

Ben views his learners as belonging to either one group or another, with no in between in 

background math knowledge. From this quote, I also inferred that only the math people will be 

challenged by the approach for the calculations, and the non-math people will merely be given an 

easier way to find an answer. There is no acknowledgement of non-math people being 

challenged by the lesson.  

 Given what Ben had initially mentioned about not including much math in his lessons, 

and then observing the lesson above that included math calculations, I asked him about this in 

the follow-up weekly interview. First, I asked Ben to explain why he chose this lab and if he 

included this upfront math practice because of the students’ lack of math abilities. He responded 

with the following: 

…that’s exactly what it was about. And I think I remember when we first chatted, or one 

of our earlier chats, you asked, do I teach microevolution? And I told you that I shied 

away from it because of the math. And I think, honestly, I saw that lab. I covered for one 

of the other teachers in my department. And I saw them doing that lab and I’m like, this 

is, this is a good lab. And it’s not so difficult. It’s got enough, you can literally get away 

with just counting, so you know, anyways. (Week 3 Interview, April 9, 2015) 

Ben discussed why he chose a lab that was based on mathematical calculations, something he 

acknowledged shying away from previously. This was the first time he included this lab with the 

curriculum, and it ended up in his plans at the last minute. He had seen the lab in another 

teacher’s class, and since it could be completed by using simple skills, and not complex math, it 
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was doable. Ben likely would not have included this lab had it involved mathematical 

calculations beyond his students’ perceived abilities. Ben expanded his curriculum by including 

some math, but kept it simple enough by not including content beyond the students’ perceived 

math skills.  

  During this same interview, I probed Ben further about his strategy of separating his 

students into math and non-math people, and if he felt this approach helped them with the 

calculations. Additionally, I asked if he would use this strategy again. He stated the following:  

I think a lot of people misjudged their math skills. I think a lot of people were trying to do 

the math tricks or maybe, and they were non-math people, or, potentially they didn’t, they 

were not math people and they didn’t understand that I was telling them that there’s 

another way to do it…I’m kind of tempted to not tell them the trick and then, because the 

good math kids will figure it out on their own…So I’ll almost let them self-select rather 

than forcing them to self-select. Just let it happen. (Week 3 Interview, April 9, 2015) 

Ben reflected on his teaching and realized that his strategy likely did not work with his class. He 

acknowledged their possible confusion with his instructions and/or their own decision making as 

reasons for not including this strategy again in the future. Despite this, he continued to talk about 

students in terms of their ability or non-ability to do math in the quote above. He merely plans to 

use a different pedagogical approach in the future to deal with what he views as a major disparity 

in their mathematical knowledge.  

Summary 

 In this theme, I used interviews, artifacts, and observations from both the genetics and 

evolution units to show how Ben’s pedagogical strategies were based on his views of his 

students’ prior knowledge. During both units, Ben asked students to reflect on their own 

understanding of the content. These reflections affected how they approached an activity or 
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concept. Additionally, he divided students based on two categories during each unit – for 

example, during the genetics unit, he asked students to think about whether they ‘get it or not,’ 

while in evolution, he asked students to determine whether they were ‘math or non-math people.’ 

During both units, he did not acknowledge any middle ground of potential student knowledge. 

According to Ben, evolution was unique because his students did not have as much content 

knowledge as they did with genetics. Additionally, the students have many misconceptions about 

evolution, something that was not apparent during genetics. Finally, from my interviews with 

Ben and throughout my observations, his perception of his students as lacking in mathematical 

abilities affected how he taught concepts. Ben’s inability to teach complex mathematical 

concepts in the depth at which he would like, more generally, is clearly an internal struggle he 

deals with during evolution as well.  

When I sent Ben a descriptions of themes and asked him for his response, the only area 

where he commented related to this current theme. He agreed that his views of students’ 

knowledge affected his pedagogy, and then added the following in an email: 

Because there is such year-to-year variation in amount/quality of prior knowledge, and a 

trend toward students coming in with so little background knowledge, I start with the 

assumption that they have none, and monitor and adjust as I determine where they are at, 

dropping certain topics that they already know, when possible. (Email, August 18, 2015) 

This shows that he views the students’ prior knowledge of biology as relatively low, with it 

declining as years progress. However, this also provides evidence of Ben’s reflective nature with 

regard to his teaching practice, and how amenable he is to change from one year to the next.  
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Theme 5: Contextualizing Instruction 

Regular Integration of Relevance and Humor  

Genetics unit. During both genetics and evolution units, Ben included activities, 

questions, or topics that were relevant to the students, and specifically, to their interests as 

teenagers. Oftentimes Ben did so while injecting humor in his lessons. In the first part of this 

theme, I will provide evidence of this through interviews and artifacts from his genetics lessons. 

In my first interview with Ben, just prior to the genetics observations, I asked him to describe his 

teaching style. Initially, he talked about helping students survive biology even if they ‘may not 

love it.’ Next, he described his style in context of the humor he interjects often. He did so by 

stating the following: 

I think the other aspect of it, and maybe this is specific for this school, maybe it’s specific 

to my class and the kids I get in regular bio, but it’s…if you are not going to have fun in 

school, if you’re not going to laugh every once in a while, if you’re not going to enjoy 

yourself, you’re going to have a miserable time and you are not going to learn anything. 

And so I try to keep things pretty light. In regular bio, I try to keep things pretty light. 

(Pre-Genetics Unit Interview, March 10, 2015) 

Ben described the atmosphere in his general biology class as quite relaxed, where he infuses 

humor regularly. From this discussion, I inferred that this was something he felt quite strongly 

about. From this quote, it appeared as if he did not use the same approach for his AP biology 

class. Given this, and based on our previous conversations relating to his students’ lack of prior 

knowledge, Ben may have used humor to get his students (who may otherwise not be interested) 

hooked to learn the content. Using humor and examples students can relate to would likely make 

Ben a more likable teacher.  
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During the genetics unit, Ben asked questions that were relevant to the students during 

the bell work activities. Similar to earlier themes, I focused on bell work since it was a 

significant portion of class time, and it provided space for students to think about concepts both 

individually and as a group. For example, figure fourteen is an example of bell work that began 

the fourth observation of the genetics unit. The day prior, the students were introduced to the 

basics of pedigrees and had not yet delved deeper into this topic. (Note that the dates on the 

slides are not correct – he had not updated them from the year prior.) 

 

Figure 14. Bell work from the fourth observation of the genetics unit 

This bell work shows that Ben related this topic to the students by asking them to include a trait 

from their own families. He provided them an example at the bottom of the slide to help them 

think about what to write. Although this bell work was an example of relevance more generally, 

he also included a bell work example during this unit that related back to their lives as teenagers 

more specifically. Figure fifteen shows the integration of this, in addition to humor that he 

infused often in his lessons. Although I observed only four genetics lessons, Ben sent me several 

other slides he used during the days in between my observations. This particular slide originated 
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from one of the days I was not present in the classroom. I verified with Ben that he used this bell 

work question in class.  

 

Figure 15. Bell work from a genetics lesson that integrates humor and relevance 

Figure fifteen shows a connection Ben made to teenagers’ music interests (by including Justin 

Beiber in the slide), and how he integrated humor. He accomplished this by asking the students 

what would happen if a sloth and a Beiber had a baby. Clearly, this is not biologically realistic, 

but it made the students think about the inheritance of traits from one generation to the next, 

while keeping the mood ‘light,’ as he initially discussed in the interview above.  

Evolution unit. During the evolution unit, Ben often included relevance and humor into 

the lessons. I will show evidence of this primarily through the PowerPoint slides he used (which 

were the basis for his class discussions), which included bell work and interactive lectures. On 

the third day of the evolution unit, (Figure 16), Ben used the idea of video games, something 

relevant to teenagers’ lives, to help him teach a concept.  Prior to showing this particular slide, 

Ben had just started the conversation about scientists’ ideas that led up to Darwin. He talked 

about how Charles Bonnet was the first person to use the term ‘evolution’ to describe life forms.  

Next, he introduced the slide in Figure sixteen. Ben used this to help students understand that 

evolution was much more complex than just ‘change over time.’ He showed them how video 
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game characters have changed over the last thirty years, and how technology was the mechanism 

for this change. He linked this back to the term evolution to help students understand that there 

must be a mechanism for change in living things (how evolution happened). This then led into 

other slides on scientists who proposed mechanisms for evolution (Lamarck, Darwin, etc.).  

 

Figure 16. Slide showing how Ben compared evolution to video game characters  

 Another example originated from a bell work that began day two of the unit. The day 

prior, the students had reviewed several key terms for the unit (e.g. fitness, adaptation, 

biodiversity, etc.). On the day this bell work was shown, (Figure 17), Ben made the question 

relevant by asking the students to pick either cats or dogs, something they may have had in their 

lives, and to explain how these animals were related to their ancestors. The pictures and captions 

on this slide also infuse humor. The combination of connecting to the lives of his students, and 

using humor, was one route to getting his students interested in learning biology. By using this 

slide, Ben helped his students think about a concept they would later discuss in class, artificial 

selection.  
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Figure 17. Bell work showing how Ben used humor and relevance to teach concepts 

Few Pedagogical Connections to Students as Culturally Located Individuals 

Although Ben connected to the students through humorous questions or activities that 

related to their lives as teenagers, during all of my observations (genetics and evolution), I did 

not notice any connection to the cultural practices of students. As I stated in the introduction to 

this chapter, Ben described the students at this school in context of their affluence and the 

parents’ involvement in school life. The majority of the students in his introductory biology 

classes were from less affluent areas and whose parents were less involved in their kids’ school 

lives (as compared to the students in his AP biology class). Ben never mentioned once during our 

conversations anything about their cultural practices, but from my own observations, a majority 

of his students in his class were Latino/a. Ben’s only comment that related to his students’ 

culture concerned their religion. In the interview just prior to the start of the evolution unit, I 

asked if there was anything about the cultural context of the community that could affect how or 

what he teaches about evolution. He responded accordingly: 
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…it is a very religious community, primarily Catholic. Very…it’s a pretty religious 

community. And, so something that I think that I maybe shy away from is human 

evolution. It’s discussed briefly, but we don’t go through it. Also because it can get really 

tedious talking about all of the different Australopithecus’ and…I think maybe I’ll add 

something in…I don’t know. There’s also a lot of uncertainty about human evolution in 

terms of what was the official reasoning for the bipedalism. There’s a lot of different 

theories around there. And that’s mainly what people want to talk about is oh, why do we 

stand up. Why are we able to communicate. And I just….I don’t go into it. I think 

partially because I haven’t in the past and I don’t have material so it would be all new 

material that I have to set up that I don’t have time for. And second, because I think, I 

think I know that it would be somewhat controversial. (Pre-Evolution Unit Interview, 

March 16, 2015) 

Although Ben initially included the students’ religion as one factor affecting his pedagogy, in the 

remainder of his quote, his reasons do not relate to this religious basis. He discussed his views 

about the uncertainty of human evolution, but not in context of a religious creationist view; 

rather, he talked about some of the scientific disagreements that may arise. Although he 

discussed the potential controversial nature of this topic, he seemed to cover the topic during the 

unit with ease, and did not appear apprehensive when he taught about human ancestry. At the 

end of the unit, Ben mentioned his wish for more time to talk about human evolution. Ben only 

talked about human evolution as controversial only once during this project (during this 

interview). Although he may think that this topic could potentially cause a ‘stir,’ it is clearly not 

enough of a concern for him to avoid teaching this topic. From this, I inferred that this issue 

clearly did not weigh heavily on him. 
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At another point during this interview, I asked Ben how his students responded to his 

previous year’s teaching of evolution.  He stated the following:  

I know for a fact that there are members of the population that are taught not to believe in 

evolution but they never bring it up in class. I think they really understand one of two 

things. I have to learn this and I’m going to learn it even though I know I’m not supposed 

to believe in it usually for religious purposes. Or, I know I’m not supposed to believe in 

this so I’m just going to bomb this unit…. Occasionally I’ll get a comment about, well, 

what about Jesus? I’ll just be like well, that’s a different conversation and we’re not 

going to talk about it, we’re not going to talk religion in class. (Pre-Evolution Interview, 

March 16, 2015) 

Although Ben acknowledged that some of his students may not believe in evolution, it never 

became clear how prevalent this was in his student population. He referred to Jesus in this quote, 

but when I asked when this happened, he referred back to a student note that was given to his 

mentor teacher when he student taught. He said this was his only evidence of potential non-

acceptance of the theory of evolution in his student population. A second time he heard student 

resistance was when he taught college biology during his Master’s program. As such, he 

acknowledged very little, if any, resistance to evolution since he started teaching high school 

biology as a full-time teacher at his current school. He could not recall any vocal or written 

pushback by students or parents. As such, I think some of his ideas about the students not 

believing in evolution may be at least partially based on speculation. However, the last comment 

of this quote points to how he would deal with religious issues that may arise in class. He views 

religion as separate and different from science, and as a result, it does not belong in a science 

classroom.  
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Summary 

 In this theme, I showed how Ben infused relevance and humor during both his genetics 

and evolution units. He used this approach to keep his introductory biology class more relaxed, 

hoping the students would get hooked into learning the content. Regardless of this attempt to 

connect to students through examples relevant to their lives, he did not connect to their culture 

during either of the units. The only mention of culture related to his acknowledgement of the 

Catholic community where his school is located. Despite not having much resistance to evolution 

content previously, Ben speculated the potential for non-believers of evolution in his classroom. 

However, there was no evidence of resistance to the evolution content by students or adults 

during my entire research project.  

Theme 6: Frontloading to Avoid Controversy 

Building on Ben’s negotiation of science/religion issues, he briefly addressed this topic 

on the first day of the evolution unit. In this current theme, I will show how Ben frontloaded 

these issues to avoid controversy for the remainder of his unit. His bell work question on this 

first day of the unit asked the students to discuss what they had heard, good or bad, about 

evolution. In the weekly interview, he mentioned that their responses may not have been their 

own. At the end of the last unit’s exam, the students were asked to find five facts about evolution 

if they finished their test early. As a result, the comments in class may have originated from the 

internet or the students themselves. One student responded to this bell work by stating that some 

religions don’t like evolution too much. Ben responded to this student comment in the following 

manner: 

Yeah, that’s definitely true. Some people take issue with it because it goes against some 

religious beliefs. Now, we’re not really going to get into that because that is not really 

what this is about. We are going to learn about evolution, but there are some facts about 
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evolution that contradict certain other facts that people very, hold onto, very strongly. So, 

for instance, evolution happens on an incredibly long time scale. We need hundreds of 

thousands, millions, even billions of years of time to have evolution happen the way that 

we understand it. That contradicts some things that are said in certain religions. I don’t 

think, I think that if you can get beyond some of those factoids, there’s really no issue 

there. So I really wouldn’t worry about it. But, if there is an issue, just know, that in this 

class, we are learning evolution. That’s what we are going with. You have to learn it. You 

have to understand it for the test. And that’s all there really is to it. (Evolution 

Observation, March 19, 2015)  

Ben acknowledged that this student’s response was correct, but dealt with this idea rather quickly 

in class. Ben’s shows how he clearly separated religion from science, and made it apparent that 

the former would not be a part of his instruction. Without saying anything negative about 

religion directly, Ben stated some major differences between science and religion. From his 

comments in theme five, he acknowledged the presence of anti-evolutionists in his class. As 

such, his discussion above (in this current theme) may have unintentionally offended anyone in 

his class with strongly held beliefs. The last few sentences in this quote also show how he 

controlled this conversation both in timing and content – he accomplished this by stating his 

definite thoughts on this matter and informing his students, albeit indirectly, there should be no 

further discussion about this topic. Ultimately, he wants his students to learn the scientific 

content, despite one’s belief system or discomfort during the unit. This was also one of very few 

occasions where he pointed to a test as a reason to learn the content.  

In the weekly interview following this observation, I asked Ben to reflect on this in-class 

conversation about science and religion. He responded in the following manner: 
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I actually seem to remember feeling like I was a little bit nervous for the camera. And I’m 

usually not. But I just seem to remember feeling like I didn’t handle that conversation as 

well as I normally do. The conversation about evolution, religion and all that stuff. But, I 

feel like I just want to pull it out in the beginning so that we can talk about it and we can 

move on. (Weeks 1 and 2 Interview, March 27, 2015)  

Ben clearly did not enjoy discussing issues of science and religion in his classroom.  He seemed 

nervous during this particular interview as well – his voice dropped lower than normal, and he 

did not appear quite as confident. Addressing these issues was likely uncomfortable for him. The 

reason he asked this particular bell work question on day one was to ‘get it out of the way.’ Ben 

likely thought the religion/science issue would arise in class at some point, so to deal with it, he 

controlled the conversation (via a bell work), and made it known to students that this should not 

be an issue throughout the unit. My observations showed that none of the students brought up 

anything related to religion at any point during the remainder of the unit.  

Summary 

 Ben was clearly aware of the social controversy surrounding the teaching of evolution. 

As such, he addressed the science/religion discussion on day one of the unit to avoid any further 

reference to the issue.  Ben was clearly uncomfortable with this conversation, and dealt with this 

by controlling the timing of this topic. During this discussion, he clearly stated what students had 

to learn (the science), despite students’ beliefs that may be in opposition to his teaching. My 

observations of his evolution unit showed that at no time did any student mention ideas relating 

to the social controversy surrounding this topic.  
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Theme 7: Few Administrative and Testing Pressures Lead to Autonomy in Teaching 

Assessments 

In this current theme, I will discuss how the lack of administrative and testing pressures 

allowed Ben to enjoy autonomy in his teaching of both genetics and evolution.  I will show 

evidence of this through interviews and artifacts. During all of my classroom observations, Ben 

rarely discussed the topic of testing. It happened only once or twice to remind students of an 

upcoming test, but he never went into detail about the test during class time. As a result, just 

from my observations, I concluded that assessments were an unimportant component of his 

instruction, and his job, more generally. Ben mentioned that throughout his genetics and 

evolution units, and other units as well, no common exams were required of biology teachers 

(other than the two finals I will discuss in a quote below).  

The discussions we had during multiple interviews verified the lack of pressure placed on 

Ben to test his students. During our first interview, before he started genetics, I asked Ben how 

much autonomy he was given at his school to teach. In his response, he discussed the lack of 

pressure for standardized tests in the following way: 

At this school currently, students are not required to pass the AIMS science to graduate. 

So what that ends up meaning is that the school places very little pressure on us to teach 

to the test, prepare students for the test. And so, we have an agreed upon curriculum, 

between the biology teachers, that we all say, ok, we are going to teach these lessons. We 

have a shared final. I think that that is required by the school, that all the biology teachers 

give the same final. (Pre-Genetics Unit Interview, February 10, 2015)  

First, to clarify, the AIMS test Ben referred to is the Arizona Instrument to Measure Standards 

test, which is the state’s standardized test for science. According to Ben, even though his 

students have to take this test, there are no repercussions for the students not doing well. Since he 
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clearly is not pressured by his administration to produce good test scores, there is no incentive 

for him to teach concepts that are on a test. The only common assessment in his department is a 

final, which I later found out takes place twice a year – once in December, and again in May. 

Additionally, I asked him to clarify in an informal discussion the agreed upon curriculum 

between the teachers – these were general topics to cover, but not specific strategies for doing so. 

Again, this pointed to a laid-back atmosphere provided by administrators that allowed Ben to 

cover particular concepts with autonomy, and no attached pressures to prepare students for a 

standardized test. 

During my genetics observations, just prior to the beginning of evolution unit, 

administrators told Ben that he was required to give the AIMS science test to his students in the 

coming week. When I asked Ben about this directive during the pre-evolution unit interview, he 

responded:  

I think if a small enough portion of students miss the AIMS science tomorrow, and just 

don’t show up, nothing is going to happen about that. Students definitely do not have to 

pass it to graduate. (Pre-Evolution Unit Interview, March 16, 2015) 

The lack of advanced notice given to Ben and the other teachers about this test, in addition to the 

quote above, show the absence of administrative pressures on Ben for his students to perform 

well. Ben showed no stress externally, either, about this lack of notice, which indicated that the 

test had little effect on his teaching. Although I was not present the two days of AIMS testing, 

when I returned for the next observation, Ben did not discuss the test in class at any time. This 

was another sign of the test’s unimportance as it related to Ben’s biology class.  

 At the end of the evolution unit, Ben reiterated some of this thoughts on the absence of 

testing pressure in the following way: 
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I honestly think that because science classes aren’t tied to standardized testing and 

graduation rates, and school scores that much, there’s just, they just don’t care. And that’s 

kind of nice. That gives us a ton of freedom. (Post-Evolution Unit Interview, May 7, 

2015) 

Ben provided evidence here of the administration’s apathy towards testing in science. In an 

informal discussion follow-up, Ben talked about the pressure put upon English and Math 

teachers to get good test scores, which did not exist in biology. I could tell that Ben clearly 

enjoyed this autonomy, given the positive tone in his voice during our conversation. This lack of 

oversight and control of Ben’s teaching provided a pleasant working atmosphere. Never once did 

he complain about the administration, and he only had good things to say about them throughout 

my research study.  

 Arizona Merit testing weeks. The few days that Ben stopped teaching to give the AIMS 

science test appeared to have no effect on his teaching. Another administrative testing directive 

took place approximately two weeks into the evolution unit (at the last minute) that affected 

Ben’s evolution unit. Ben, and the rest of the biology teachers were told that they would have to 

take two weeks off from teaching their current units. During these two weeks, the administration 

planned to give the students the newly developed state tests, called the Arizona (AZ) Merit tests 

(the state eventually hoped to replace AIMS tests with AZ Merit, but this was a transition year; 

hence both tests given during the same year). The teachers were told that they were not allowed 

to teach any testable material during these two weeks. Students would be missing different 

classes on different days to take various AZ Merit tests, which would result in different students 

in Ben’s biology class from one day to the next during these two weeks. This forced him to take 

a break in the evolution unit. He stopped evolution at the end of the third week of teaching it, 

took two weeks for AZ merit testing, and then returned to teach the final, fourth week of the unit. 
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To deal with this last-minute administrative directive, he gave a mid-term exam before the 

testing started, since he knew retention of the evolution material would not be good when they 

returned in two weeks. 

Ben met with other biology teachers to determine what they would teach during these two 

weeks ‘off.’ They had to manage not having all of their students in class for each period, and 

they also had to keep the teaching going and students interested. However, they could not 

include information that would appear on a future test. They ultimately decided to set up stations 

where students learned about biodiversity, a topic that was recently cut from their curriculum. 

Ben explained the group’s choice in curriculum in the following way: 

So we thought, well, biodiversity is fun and we just kind of said it’s not part of our 

curriculum, but we still have, we have some time to go through it. Yes, we are stopping 

evolution in reality, but, I’m hoping that throughout this week, or these two weeks of 

‘half of the students are here some of the time’ lessons, that I’ll be to talk about  

evolution…I think that the next couple of weeks, while they just are biodiversity, I’m 

thinking of them as application of evolution. (Week 3 Interview, April 9, 2015) 

Ben and the other biology teachers took this break as an opportunity to continue teaching 

biology, and infused a topic that used to be a part of the unit. Interestingly, Ben did not view 

these two weeks as a complete break from evolution. He cared so much about this topic that he 

was determined to make it a part of this ‘official’ time away from the unit. This quote reiterates 

his passion for the subject, and his steadfastness to help students learn evolution, despite an 

administrative directive under which he had very little control.  

 Upon completion of the two weeks ‘away’ from evolution, Ben went directly into 

teaching the last week of evolution. He did not have time for an interview until he was done with 

the unit. Since we did not have a chance to discuss what he taught during these two weeks, he 
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sent me examples of student work instead. Figure 18, below, shows an example of student work 

from one of the stations. This artifact shows how Ben found a way to incorporate (or in his 

words, ‘apply’) evolution during these weeks ‘off’ from the unit. Since the students had already 

learned about natural selection, the work shows how they applied their knowledge of this topic. 

Students chose their own organism to use in context of drawings and explanations for each 

component of natural selection. 

 

Figure 18. A snapshot of student work from the natural selection station during testing  

Standards 

In addition to the lack of testing pressures, evidence from observations and interviews 

showed the lack of importance placed upon science standards (state or national) in Ben’s 

teaching of biology. During my observations of both units, no standards were ever on the white 
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board, PowerPoint slides, or activities given to the students. At no time did Ben provide me with 

standards documents to go along with this curriculum. Additionally, Ben never once referred to 

standards with his students during their in-class discussions. The information I gained about his 

perspective on standards originated solely from my interviews with Ben.  

In my first interview with Ben, I asked about the degree of autonomy he is given to teach. 

Initially, he discussed the lack of influence of state tests (as described above), and then he 

voluntarily spoke about the role of standards in his teaching in the following way: 

I believe that we are moving towards the Next Generation Standards, and the Common 

Core and I think that over the next, I would guess, next four years, that will be fully 

integrated…But right now, the NGSS is the four-minute mile. It’s like this perfect ideal 

scenario that, hey, if we can touch it every once in a while, that’s great, but right now 

we’re working with, well I’m at least working with the Arizona state standards, which are 

horribly outdated and they haven’t been updated because they don’t need to be because 

the NGSS is basically taking over. (Pre-Genetics Unit Interview, March 16, 2015) 

Without my mention of standards, Ben discussed them voluntarily - this shows his awareness of 

their potential influence on his curriculum for the future. During this discussion, he did not 

appear confident about whether or not the biology department would definitely integrate the 

NGSS and Common Core in the future; rather, it seemed to be speculation on his part. Through 

this discussion and informal conversations, Ben understood the basis of NGSS, but he did not 

view them as a realistic inclusion to his current curriculum. This quote also shows his disdain for 

the state standards, which although he claimed to be working with, he showed no evidence of 

during any of my interviews or observations.  
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In the interview just prior to the evolution unit, I probed Ben further about his thoughts 

on the role of NGSS in his curricula, more generally. His opinion was further clarified in the 

following quote:  

I think the NGSS standards are probably good and they are probably pretty close to what 

I teach anyways…. Do I really want to spend the time matching up the standards with my 

lessons? I don’t… I think I’m a good teacher. And I think I teach well thought out, 

reasonable lessons that match what I think is important about biology. And therefore I 

think that implementing NGSS standards would not make my curriculum that much 

better. (Pre-Evolution Unit Interview, March 16, 2015)  

Ben’s confidence in his teaching emerges in this quote. Despite only teaching for two years, and 

understanding the depth at which the NGSS goes into scientific practices, etc., Ben did not think 

it would be advantageous to spend time and energy to integrate them into his current teaching. 

He appeared quite content with his current teaching style – why fix something that is not broken? 

I also probed further into his use (or lack thereof) of standards during the pre-evolution 

unit interview. In doing so, I asked if he sits down with the standards when he plans lessons. He 

responded with an adamant ‘no.’ He also referred back to our conversation just prior to genetics, 

when he first spoke about his lack of use of standards. In reflecting on this idea, he spoke further 

about it in the following way: 

I think that’s a problem. But it also frees me up to teach things. Because they are not 

enforced, it frees me up to teach things however I want to teach them. Which is nice. 

(Pre-Evolution Unit Interview, March 16, 2015) 

Ben verified that the administration does not force the teachers to align standards with 

curriculum. He views this both as a blessing and a curse, but more so of the former. From this 

conversation, it was clear that lack of oversight regarding standards resulted in greater autonomy. 
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This creates a positive environment in which to work, similar to that which results from the lack 

of testing pressures. Upon completion of the evolution unit, he verified that he never once looked 

at standards during the entire unit.  

Lack of Administrative Oversight during Evolution 

The absence of administrative pressures with regard to testing and standards seemed to 

have a positive effect on Ben’s teaching since it resulted in greater autonomy. Ben also spoke 

more about the lack of oversight as it related to his evolution unit. During the pre-evolution unit 

interview, he spoke about this topic in the following way: 

The administration, I think, is fully in support of whatever I think is important to teach. 

Which is nice. I’ve never…..I don’t think I’ve ever had an administrator tell me to teach 

something or to not teach something…Honestly, I think that the only way I could hear 

about or get in trouble is if I didn’t teach evolution. Like, why are you not teaching 

evolution? Do you have something against teaching evolution? I think that’s more the 

mentality here. (Pre-Evolution Unit Interview, March 16, 2015) 

Ben’s comments verify the overwhelming support he received from the administration when 

teaching evolution. They trust him to do his job, and would question him only if he was not 

including an important topic such as evolution. This quote also provides further evidence of his 

comfort level teaching at his current school – not only does the administration not pressure him 

to teach to a test, but they also fully support the teaching of a topic that Ben is sincerely 

passionate about.  

Upon completion of the evolution unit, I asked Ben what he would change, if anything, if 

he could go back and teach evolution again. His response included the following:  

…Or during the evolution unit, have a mini let’s re-talk about ecology. If I could squeeze 

a week in where it’s like, ok, a couple of days to just review main ecology concepts and 
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then a couple days to be like, how does evolution influence these? I think that would be 

the best way to go about tying it to something else. Because we are talking about ecology 

all the time. We are talking about camouflage and well, let’s talk about predator and prey 

dynamics… And again, I could probably find a week to do that because nobody cares 

what I do (laughs). (Post-Evolution Unit Interview, May 7, 2015)  

Ben discussed the lack of administrative oversight yet again, but this time in context of changing 

timing/topics of his units. Interestingly, if he intertwined various units, and therefore infused 

evolution as more of a unifying theme in the future, the administration would likely not flinch. 

Ben ended this conversation with a laugh, which implied that he was positive about the potential 

for this idea to become reality, since the administration would likely not question his intentions.  

Summary 

 In this theme, I showed how the overall lack of administrative oversight and testing 

pressures resulted in greater autonomy in Ben’s teaching. Since the state standardized test did not 

affect student graduation or their grades in Ben’s class, there was no incentive for him to teach to 

a test. The administration stopped Ben’s teaching for students to take the AIMS science test (for 

only two days), but this did not appear to negatively affect his teaching schedule. During the 

evolution unit, the administration informed the teachers that the students would take the AZ 

Merit test, and therefore, teachers could not teach tested concepts during this time. Despite this 

unanticipated dilemma, Ben dealt with it by using it as an opportunity for students to learn about 

biodiversity and apply evolution concepts.  

 The administration placed no pressure on Ben to align content with state or national 

standards during his units. Although Ben viewed the NGSS as important, he felt that his teaching 

was good enough not to take the time to include them in with his future units. Additionally, he 

viewed the administration as supportive of the content he chose to teach, including evolution. 
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Ultimately, through the interviews I conducted with Ben, it became clear that this autonomy 

resulted in a comfort level and general contentment teaching at his current school.  

Summary of Themes  

 This chapter painted a detailed picture of Ben, a second-year high school biology teacher 

in an urban district in the southwest. Ben’s solid understanding of biology stemmed from his 

undergraduate and graduate degrees in this content area, in addition to his research experience. 

From the first interview with Ben, I could sense his passion for the subject of evolution. He 

mentioned on multiple occasions in both informal and formal discussions that evolution shaped 

his worldview. As he stated in an early interview, “I really see the world through the lens of 

evolution,” (Pre-Evolution Unit Interview, March 16, 2015).  

 Throughout this project, it was clear that his perspective on evolution affected his 

pedagogy. Not only was his essential question linked to the idea of evolution as a unifying 

theme, but his lessons throughout the unit emphasized this key idea as well. The concepts he 

ultimately included in his unit covered the macro- and micro-evolutionary spectrum. They were 

heavily based on the influences of his mentor teacher, in addition to the importance he placed on 

particular topics.  His in-depth knowledge was a resource for his teaching - and was evident in 

the higher level questions he asked and the degree to which he delved into particular concepts. 

Alternatively, it also became a source of an internal struggle – he had issues managing his high 

expectations with what he thought the students could realistically tackle in his class. This 

struggle seemed heightened during evolution, the unit he clearly favored over the others.  

 Many of Ben’s pedagogical decisions in both the genetics and evolution units were based 

on his views of his students’ background knowledge. However, evolution was unique in that 

students had misconceptions, and in his mind, less of a content base than that of the genetics unit. 

Oftentimes Ben’s approach included student reflections of their own knowledge, where they 
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placed themselves in one category of knowledge or another. Based on these groupings, Ben 

provided them with differing approaches to the curriculum, especially when it related to 

mathematical calculations.  

 Ben also injected both humor and relevance into his lessons in both the genetics and 

evolution units. He intentionally kept the mood ‘light’ in his introductory biology class, and 

often used examples that linked back to students’ lives as teenagers. Despite this connection, Ben 

made few cultural connections during either unit. He acknowledged his understanding of the 

students’ faith during an interview, and discussed the science/religion issue briefly on the first 

day of the evolution unit. However, he controlled the timing and content of this seemingly 

uncomfortable conversation at the beginning of the unit so he could move past it fairly early. He 

separated the two ways of knowing, and made it known to his students that only science would 

be addressed in his classroom. 

 Overall, Ben appeared relatively content in his role as a biology teacher. The lack of 

administrative pressures via testing or standards created an environment that allowed him to 

teach, within reason, what he wanted to teach when he wanted to teach it.  The only political 

issue he negotiated was a brief pause during the evolution unit for the AZ Merit tests, which he 

took as an opportunity to apply evolution content. He seemed constrained by the depth in which 

he could teach the evolution content, but my observations showed that he enjoyed the teaching 

process and regularly engaged his students, especially during the evolution unit since it was a 

topic he felt so passionate about.  
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CHAPTER 6: FINDINGS (CASE OF DIANE) 

Introduction 

 This chapter examines the case of Diane, a high school biology and environmental 

science teacher, in an urban public school district in southeastern Arizona. She is from central 

Arizona, where she attended an all-girls Catholic college preparatory high school. While at this 

school, Diane took the minimum science classes required, which included biology, chemistry, 

and physics. She recalled learning evolution, which included natural selection, and was never 

taught any non-scientific alternatives. Diane knew she wanted to teach science – she had always 

loved the outdoors and the natural world, and she really enjoyed, “putting information together 

and explaining information,” and liked to “…come up with creative ways to have people engage 

in that information,” (Pre-Genetics Unit Interview, February 11, 2015). Her mother was a teacher 

for several years, and Diane thought it was a good career to eventually get into, especially as a 

science teacher. This was a growing field, and Diane knew she could definitely find a job 

teaching science one day.  

Upon graduating from high school, Diane enrolled in an undergraduate program at a large 

public university in southeastern Arizona that focused on secondary science teacher preparation. 

This program was housed in a college of science, so she received a Bachelor’s of Science degree, 

with a focus in biology, along with a teaching certification. Her content focus was more on 

ecology, and some evolutionary biology, rather than microbiology. During her undergraduate 

studies, she contemplated teaching earth science, and earning a geology degree, but she chose 

biology instead. Diane also received a second degree simultaneously – a Bachelor’s of Art 

degree in painting.  
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 Diane has been teaching at the current high school for three years (my research took 

place during her third year at this school). She described her school and the community in which 

it is embedded in the following way: 

I would say it’s such a mixture of a school in terms of SES and diversity. We’ve got a 

really big Hispanic population, of course. And then we have a pretty significant portion 

of our students that are coming from housing which is not the best. I don’t know how to 

say it. Not ..how do they call it? Trailer homes?... And I think a lot of them grow up in 

situations which are, their parents are struggling financially, mentally, mental health 

issues. (Pre-Genetics Unit Interview, February 11, 2015) 

Diane acknowledged the large Latino/a population at the school, which I directly observed, but 

then described the parents in the context of their ‘issues,’ as she perceived them. Following this 

discussion, Diane mentioned her school’s philosophy of treating everyone with respect, which 

she clearly appreciated. And despite the students’ “crazy home life, which most of them do have 

really bad home lives,” (Pre-Genetics Unit Interview, February 11, 2015), there are few 

discipline issues at this school. Diane also felt respected by her students, and enjoyed the safety 

at her school.  

Diane taught the environmental science course (a majority freshmen class) the entire time 

she has been at this school, but she just started teaching biology the year prior to my research 

project. The latter course enrolls sophomores and advanced freshmen. Additionally, she taught 

only two class periods of biology during my research project; the remainder of her four class 

periods were environmental science classes. When she described her students’ academic 

background, and what they bring to these classes more generally, she stated a “…belief that 

because so many of them are from hard places, I think it’s really hard for them to access certain 
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things. And they don’t have a huge amount of experience to draw from,” (Pre-Genetics Unit 

Interview, February 11, 2015).  

Themes in Teaching Evolution  

 This chapter examines the major themes that resulted from the data collected during 

Diane’s last two weeks of her genetics unit, and her entire unit on evolution. In the first theme, I 

discuss Diane’s content focus on microevolution, which included an emphasis on allele 

frequency changes over generations, variation, and adaptation. In the second theme, I mention 

Diane’s goal for the evolution unit, in addressing common misconceptions, and how she deals 

with these student ideas when they are raised in class. In the third theme, I focus on how another 

biology teacher, who ultimately became Diane’s informal mentor, was an important source of 

pedagogical and conceptual insight for her biology course. This mentor also helped Diane 

negotiate political issues relating to a state standardized test directive given by administration at 

the last minute. In the fourth theme, I discuss in detail one of the pedagogical tools Diane used 

often during her teaching - building on student prior knowledge - before she taught a new 

concept. This approach includes ample opportunity for student talk as well. Finally, in the fifth 

theme, I delve deeper into the political issues surrounding her teaching, including the role of 

standards, the administrative support provided at her school, and how a new state standardized 

test affected many aspects of her evolution unit.  

Theme 1: Content Focus on Microevolution with an Emphasis on Allele Frequency 

Changes, Variation, and Adaptation 

Diane’s Views on Microevolution and Macroevolution  

 Using interviews, observations, and artifacts, in this theme I will show that Diane focused 

her evolution unit on content related to microevolution. A total of eleven days were spent 

teaching evolution, of which six were spent solely on allele frequency changes over time, and 
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related genetics concepts (gene pools, etc.). She spent the remainder of the unit on topics related 

to macroevolution, such as types of selection, types of evolution, and geologic time, all of which 

were covered briefly during the last few days of the unit. However, interspersed within these 

topics were microevolutionary concepts, such as variation and adaptations. In this theme, I 

explored Diane’s views on micro-versus macro-evolutionary topics before the unit started, the 

content she implemented during the unit, and why she excluded a major topic (phylogenetics) 

that she initially expressed comfort with teaching.  

Prior to the beginning of the unit, I asked Diane about her personal perspective on 

teaching microevolution versus macroevolution. She responded in the following manner:  

Both. All. I want to go into it from all of those different. (laughs) I think it’s important to 

look at it from all of those different directions. I think that it’s important for the kids to 

start looking at the diversity of life that we have and then start thinking of commonalities 

that those things have. And that’s something that we touched on at the very beginning of 

the year is, what are characteristics that all living things have in common…(talks briefly 

about how she defines evolution in her environmental science class in terms of variations, 

then puts it in context of evolution in the following way)… So by the time we are in 

biology, it’s an allele frequency change in a population over time. (Pre-evolution Unit 

Interview, March 6, 2015) 

Diane was interested in discussing both the micro- and macro- components of evolution with her 

students, and did not shy away from either topic. She also mentioned commonalities among 

organisms, implying the idea of common descent as an important component of this discussion 

on evolution. Diane also provided insight into how she connects prior units to evolution, and 

distinguished between the definitions of evolution that she provided to her two different science 
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classes. The definition for her biology class was focused on allele frequency changes, and as I 

will show below, this was the definition she returned to often during this unit.  

After learning that the definition for evolution in her biology class focused on allele 

frequency change, I inferred that her unit’s focus may be on microevolution. As a result, I probed 

her further on her views of macroevolution topics, hoping to better understand if these concepts 

may be included in the unit. In this context, I initially asked what, if any, place human evolution 

has in her teaching. Diane responded with the following: 

The kids are so interested in it. I would love to use it as …I don’t know…as…like a 

keystone thing? But it’s so difficult because I haven’t figured out how to weave in all of 

these other names of old dead white men that they have to know into this concept of a 

more, I don’t want to say, it’s not more recent, but…taking something where I feel like 

we have so much current data. And we have so many great new articles coming out about 

human evolution. And I haven’t yet had the time or whatever, to sit down and find a way 

to do that. But I know the kids are so interested in it, that I would really like to do that. 

And I wonder also if other people, as well as I, have also stayed, I don’t want to say I 

stayed away from it, but because it’s more of a polarizing topic. (Pre-Evolution Unit 

Interview, March 6, 2015) 

Diane responded with an excitement in her voice initially when I asked her about human 

evolution – the tone of voice and her response showed her sincere interest, and that of her 

students, in this topic. However, she acknowledged three potential sources that might prevent her 

from teaching this topic – first, time to create lessons on this topic; second, what ‘must’ be 

covered (all biology teachers have similar content to teach due to a common final exam, 

including the scientists who influenced our understanding of evolution, etc.); and finally, the 

potential controversy behind teaching human evolution. When she discussed this latter point (the 
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last sentence of her quote), her voice level softened substantially, and it became clear she no 

longer wanted to address that idea. Instead of talking further about human evolution, she clearly 

felt more comfortable when I switched the topic to a new question during the interview.  

Microevolution Concepts Covered during the Evolution Unit 

Allele frequencies. As anticipated, the topic of allele frequency changes over generations 

was a common theme during Diane’s evolution unit. In her first slide and introduction to this 

unit, she connected to both the micro- and macro- components of evolution initially. First, she 

showed a picture (Figure 19 below – the left side of the diagram), and explained how these are 

organisms we can see with our naked eye, and how “we are literally looking at a bunch of 

individual organisms and giving you information about them” (Evolution Observation, March 

23, 2105). She followed up by stating that the left side of the diagram (‘makroevolution’) is 

‘part’ of the evolution story, and clearly explained it as one of two types of evolution, viewing it 

from a larger scale.  

 

Figure 19. Slide differentiating between micro- and macroevolution 

Next, she continued to focus on the microevolutionary component by further discussing 

the image in the following way:  
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The other part of it is this (points to picture on right side) – so figuring out what this 

picture is trying to represent. What we have here is a bunch of different creatures that 

look alike. They have a lot more in common with each other than one of these other 

organisms (points to picture on left side of slide). And that’s another part of evolution. 

And that’s what we are going to be focusing on the next few days. Here’s another picture 

representing that ‘smaller’ version, the smaller view. We can see the different colored 

beetles, and on their backs are represented different amounts or different types of DNA. 

So here is one organism and as you guys answered on your bell work, you said every 

organism contains two different alleles. One from each, one about, from each parent. 

About a certain trait. So maybe this one has to do with the color of the beetle. And so we 

will be doing a lab tomorrow about is frequency…(Evolution Observation, March 23, 

2015) 

Diane’s introduction showed her view on evolution included two separate and different lenses – 

from a larger picture where students examine different organisms/species, and a smaller view 

where students will look at the finer differences among organisms/species via their genetic 

differences. To better describe this latter view of evolution, she showed a picture of two different 

colored beetles, one green and one brown, and showed the difference in their DNA on the 

beetles’ backs. This image and her discussion that followed were evidence of her focus on within 

species differences of organisms during the beginning of her unit.  

She spent the first four days of the unit (the entire first week – class did not meet on that 

Friday) on a lab called breeding bunnies. During this lab, students developed hypotheses, they 

worked in the lab to complete the simulation, and they collected data and wrote their 

conclusions. Diane’s goal for this lab was to have students show how a deadly allele’s frequency 

can change over several generations. The students simulated this by pulling two different colored 



196 

 

beans from bags for several generations, one bean represented a bunny with fur, while the other 

represented a furless bunny – both of which lived in a cold environment. Figure 20 shows a 

portion of the lab sheet the students completed, which includes information on the data (allele 

counts/frequency calculations) that were the focal point of this lab. 

 

Figure 20. Snapshot of the Breeding Bunnies Lab worksheet 

 Only upon completion of the lab did Diane provide the students with a definition of 

evolution. As a regular part of her biology instruction (more generally), the students kept 

vocabulary sheets for each unit. On these sheets, they wrote vocabulary words, their associated 

definitions given by Diane during class, and then created their own visual to go along with the 

words. For the definition of evolution, Diane had the students write the following on their 

vocabulary sheets: “A change in allele frequency in a gene pool from one generation to the 

next,” (Evolution Observation, March 26, 2015).  

 Diane regularly returned to this definition of evolution during other weeks of the unit. For 

example, during the second week of the unit, one of the bell work questions asked the students, 
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what is evolution? When she introduced this question, she stated that she wanted a “…scientific 

definition, not that ‘change over time’ stuff you learned about in fourth grade or whatever. We 

want the more high school level definition of what that is,” (Evolution Observation, April 6, 

2015). Diane wanted students to think about her perception of a higher level definition, which 

linked back to the lab and definition she gave the week prior. When she called on a student to 

give an answer, her response to the student was the following: 

Ok, so the change in allele frequency within a gene pool from one generation to the next 

one. Good. Yeah. I like that. That’s our definition – change in allele frequency from one 

generation to the next. (Evolution Observation, April 6, 2015) 

This quote reiterated yet again how she wanted students to view evolution from a microevolution 

perspective. Similar quotes arose in future lessons, where she referenced her specific ‘definition’ 

for evolution, as described above. 

Natural selection, variation and adaptation. In addition to focusing on allele frequency 

changes over time, Diane taught other lessons that showed a focus on microevolution. For 

example, during the second week of the evolution unit, she started the class as she normally does 

– she posted an objective, and then followed it with bell work questions (the latter of which 

usually are review questions from prior lessons). Both of which were on a single PowerPoint 

slide. The objective for the day was the following: What is natural selection? This lesson 

included a PowerPoint lecture about natural selection and the four major components of this 

mechanism of evolution. After the students wrote these points in their notes, Diane provided 

them with an activity where they applied their understanding of these terms. The students made a 

table separated into the four components of natural selection. They chose an organism to use as 

an example for each component, and applied each part of natural selection to the organism. The 

example of the table with directions is shown in Figure 21 below. This application activity 
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includes concepts such as variation, adaptation, and Diane’s original definition of evolution that 

includes allele frequency changes over time. Diane regularly discussed concepts such as 

adaptation throughout her unit, in the context of natural selection and at other times. However, 

further discussion about Diane’s emphasis on adaptations throughout the unit will be examined 

in detail in theme two that focuses on misconceptions.  

 

Figure 21. Natural selection activity  

 Additionally, at the beginning of the third, and final week of evolution, Diane’s lesson 

focused on a review of vocabulary words. Students worked in groups to develop a graphic 

organizer that connected important vocabulary words with examples they had learned in class. 

Diane asked the students to include the following vocabulary words on their organizer: allele 

frequencies, gene pool, variation, adaptation, and natural selection. Figure 22 shows one 

student’s graphic organizer that he/she created with his group. 
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Figure 22. Concept map of vocabulary words completed by a student  

Interestingly, the focus of many of these definitions related to within species changes. For 

example, this student ascribed population (within species) changes to genes, which aligned with 

Diane’s definition of evolution given in class. This diagram also shows a definition of variation, 

where the student provided an example within a species of finch.  

During the post-evolution unit interview, I asked Diane which concepts within evolution 

she felt most comfortable teaching. She explained how she felt quite comfortable teaching 

concepts such as variation and adaptation, ideas she included often throughout her unit, as 

evidenced above. I asked her to explain why she was so comfortable teaching these concepts and 

she responded in the following manner: 

Gone over it more in the past. I’ve taught it also in enviro, environmental, for the last 

three years. And I also just feel like they are like the core and everything else is like the 

way of giving a name to an example of which these tenets, or whatever these main points 

are how it all happens. The key, and then let’s call this example of selecting for medium 
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fin size in a fish. Cool, we have a name for what that is. Great. But how did that happen? 

These main points. (Post-Evolution Unit Interview, May 11, 2015) 

Clearly Diane’s experiences teaching these concepts (adaptation/variation) affected her comfort 

level. As a result, they showed up often throughout her unit. Diane also viewed these as core 

ideas within the evolution unit – they were important for students to know to better understand 

the entirety of evolution. She provided an example of a type of selection she reviewed with her 

class (during week three of the unit); but again, she connected this with concepts relating to 

adaptation and variation. This quote also supports the argument that Diane infused 

microevolutionary concepts throughout the unit, even when she taught other topics, such as types 

of selection.  

Exclusion of phylogenetics. In the pre-evolution unit interview with Diane, she had 

mentioned that phylogenetics was one topic she felt most comfortable teaching within evolution. 

In this context she mentioned, “…phylogenetic trees is something I feel pretty good about 

teaching. I would like to do much more of that this year as well,” (Pre-Evolution Unit Interview, 

March 6, 2015). However, my observations of her lessons showed that this concept was never 

taught this past year. I asked her to explain this decision to not include phylogenetics, given her 

comfort level with the topic. She responded by acknowledging our initial discussion about how 

important she felt phylogenetics was to the unit as a whole, and then stated the following: 

And, the fact that I had to just end evolution and move onto review and dissections, and 

then, Thursday or Friday we’ll be able to do that as a review activity. It is like, hey, by 

the way, this is called a phylogenetic tree. Remember evolution? Remember 

classification? So, that’s just one of those things that unfortunately didn’t get time and 

that’s really sad to me thinking these kids will go on to the rest of their lives and never 

see that. (Post-Evolution Unit Interview, May 11, 2015) 
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To put the timeline of the evolution unit in context, it was the last unit of the year, ending in 

May, just before the teachers had to review and give final exams. As such, Diane’s quote shows 

her unhappiness with the fact that time was short; she had to cut any further evolution content 

due to tests and other topics that were agreed upon by the rest of the biology department 

(dissections). Even though she had no time during her ‘official’ unit to teach phylogenetics, she 

planned to include ideas relating to it, albeit briefly, into her review for the final. Since this 

review took place after the unit, I was not able to observe how or if she even included these 

concepts. It was clear that Diane’s anticipated coverage of phylogenetics was at a much deeper 

level, and originally planned for the official evolution unit itself.  

Summary 

 In this theme, I discussed Diane’s conceptual focus on microevolutionary concepts during 

her evolution unit. Despite her acknowledgement of the importance of both macro- and 

microevolution, she chose to focus primarily on the latter. Her lessons included a clear definition 

of evolution and how it related back to allele frequencies, in addition to regular reviews of this 

definition during the unit. She spent an entire week with the students working through a lab 

focused on simulating this key idea. Additionally, Diane viewed concepts such as adaptation and 

variation, which were emphasized throughout the unit, as key ideas for understanding evolution 

as a whole. One major concept that she never covered, phylogenetics, was not taught solely 

because of time and departmental constraints (final exams, etc.). This was a concept she initially 

discussed most comfort teaching within evolution, and she appeared unhappy that time did not 

allow for her to teach it as deeply as she had hoped. However, she dealt with his issue by 

planning to include it during review week, albeit briefly.  
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Theme 2: A Focus on Addressing Misconceptions 

Genetics Unit  

In this theme, I will use interviews, observations and emails to show how one of Diane’s 

main objectives for her teaching was to address misconceptions. In this context, her focus was on 

differentiating between colloquial versus scientific understanding of words, the latter of which 

should be used in her class. Initially, I will discuss evidence from her genetics unit, and 

following this, I will show how this focus appears in her evolution unit as well. Diane appeared 

to stress misconceptions more heavily in the latter unit, as one of her goals for evolution was to 

‘dispel myths.’ Additionally, she addressed misinformation during several evolution lessons, 

with a specific focus on how the term ‘adaptation’ is commonly misused.   

Toward the end of my first interview with Diane, just prior to the genetics observations, I 

asked her to add any information about her teaching more generally that she wanted me to know. 

She voluntarily, and for the first time, talked about a general pedagogical approach to teaching 

biology in the following way: 

…But I think I really work hard to weave in whatever misinformation they give me into a 

correct answer. (Pre-Genetics Unit Interview, February 11, 2015) 

During my four observations of her genetics units, I noticed how Diane took students’ 

misinformation, and weaved it into correct ideas. During my second observation of her genetics 

unit during a meiosis lesson, Diane asked the students how they would get from one cell with 

two chromosomes, to four cells, each with one chromosome. She put a picture of these cells on 

the PowerPoint as well. After students had a chance to discuss this in pairs, she spoke to the class 

as group in the following way: 

I heard a good idea from this group…..maybe they start with two, and then they (points to 

chromosomes) get cut in half and then you have four. That’s a good idea, but if you 
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check the size of this diagram, all of those end up with the same size as the original. So 

we can’t cut them in half. So what’s another option if you can’t cut them in half? What is 

the other option then? (Student answers and then she responds)…I like that. (Student) 

brings up a few good points…..they definitely have to mix together. And I know all of 

the other groups said something about that as well. There has to be some mixture of this 

genetic information together. (Genetics Observation, February 19, 2015)  

After this quote, Diane spent several minutes discussing crossing over and then eventually got to 

the end result of meiosis - four cells, each with a chromosome containing a combination of 

genetic information. The main point here is that Diane took misinformation from students, and 

noted that their answer was not correct, but did so in a constructive way. She gradually helped 

them get to the correct answer after scaffolding learning based on more student responses.  

Goal for the Evolution Unit 

One of the first indications that Diane would focus on misconceptions in her evolution 

unit came from the interview just prior to the unit. When she discussed how she taught evolution 

more generally, she included her thoughts on misconceptions within this unit in the following 

way: 

I do talk about, I don’t say that it is political, but I do bring up that some people want to 

polarize the issue more than I believe it really is by misusing vocabulary and trying to 

confuse people (Pre-Evolution Unit Interview, March 6, 2015). 

The ‘issue’ she referred to was the general topic of evolution. Diane thinks that the general 

public tries to twist words when talking about evolution, which eventually confuses people. 

Since she included this discussion with her students, she likely thinks that they have heard this 

misuse of terms, and thus, may have been confused at one point in their lives. My inference was 

confirmed when she talked about her goal for the unit, as discussed below. 
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During this same interview, I asked Diane what her goal was for the evolution unit. She 

responded with the following:   

I would like them to be able to go out and debunk the myths. Or be able to explain, 

maybe even to their parents, or people are around them that are like, oh, them scientists 

think we came from monkeys! And I want them to be like, oh, no. That’s actually not 

true. What that means is that we are related to each other. I wish, I’m hoping that the kids 

will come away with an understanding of what evolution is. The science behind it, I don’t 

feel like, is a stretch in the least. And of a lot of the things that we do in our daily life, 

well maybe not, well, I don’t want to say not a lot, but you are taking an antibiotic that 

was tested on a mouse. Would you rather have one that was tested on a mouse or one that 

was tested on a cockroach? They’re all, the mouse. But, why the mouse? If we are not 

more related to that one, then why would it even matter? So thinking about that or 

antibiotic resistance. Why do we have to get a new flu shot every year if there’s not some 

sort of a change going on there in response to the environment and selection pressures. So 

I guess what I would want the kids to come away with is an understanding of what 

evolution is and more than just change over time… So, that…..yeah, and an 

understanding of the mechanics of it. And I’m hoping that with so much emphasis on 

genetics and bridging it together with meiosis, this idea of where do traits come from? 

Where are they housed inside of you? And how will you pass those traits on to your 

offspring? (Pre-Evolution Unit Interview, March 6, 2015)  

Diane discussed several important goals for the evolution unit. The first and clearly most 

important goal, due to her emphasis during our discussion, was for the students to debunk myths. 

This originates from her initial thought about the general public’s misuse of scientific terms, and 

general distrust of science. These ideas were clearly important to address, as she mentioned them 
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often during our informal discussions as well. Although Diane discussed in this quote a 

misconception she holds (how humans ‘coming’ from monkeys is a misconception – we in fact 

came from apes, which originated from monkeys), the main point she tried to get across here was 

the following: Diane wanted to make sure her students were given the correct scientific 

information in class so they can make informed decisions, such as those related to their own 

health. Interestingly, one of her goals was to connect to other units; this shows that she does not 

think that evolution, or other units, should be taught in isolation from one another – they are all 

interconnected. 

Addressing Misconceptions in Evolution Lessons 

 In this section, I will show how Diane addressed students’ misconceptions during many 

of the evolution lessons. For example, on day four of the evolution unit (three days after she 

started the breeding bunnies lab), Diane introduced an objective for the lesson. Her in-class 

discussion of this objective directly aligned with her goal. In doing so, she started class by stating 

the following: 

We are talking about evolution which is very special. Can you turn off the lights? So our 

objective is to define and figure out what is evolution. Probably you’ve heard about it in 

the past. You have some idea. But we’ll try to dispel a few misconceptions. (Evolution 

Observation, March 26, 2015)  

Although Diane had taught the lab on allele frequencies three days prior to this lesson, this was 

the first time she introduced the term ‘evolution.’ By introducing it as ‘special,’ (in an uplifting 

voice) she showed the students her own positive view on this subject up-front. Additionally, she 

acknowledged students’ prior knowledge about this subject, but informed them that any 

misinformation they may have heard will be addressed in class. 
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‘Adaptation’ as a common misconception. The term ‘adaptation’ was one of the most 

commonly addressed terms by Diane during the evolution unit. At the end of the class (day four) 

when she introduced the term evolution, (as described above), she defined the term ‘adaption’ for 

the students in the following way – “a trait that gives an organism an advantage in survival and 

reproduction in a particular environment,” (PowerPoint Artifact, Week 1).  

During the second week of the evolution unit, on day five of the unit, Diane included the 

following question as part of the bell work assignment – can an individual adapt? The students 

were given several minutes to write their answers individually, which is normal in her class. 

After the students came back together as a group, one student responded with the definition of 

adaptation as described above. Then, a different student put it in context of the breeding bunnies 

lab. In response to his answer, which included a brief explanation about how a furless bunny did 

not survive because it could not adapt, Diane stated the following: 

But it wasn’t something they could develop within their lifetime. They were born with it 

or not… They either had fur when they were born or they didn’t have fur when they were 

born. So that trait either became an adaptation or not based on where they were… And 

this is one of those words, you guys, that we use in science and we also use in our daily 

lives. And so when you are like, I adapted to this situation, (teacher) forgot to have the 

back of our bell work printed. But next week we’ll probably adapt to that and be able to 

draw it in ourselves. So you hear this word, adaptation in our daily life, but it’s different 

from our scientific definition. And what (student) just said about an adaptation being 

something that helps you survive and reproduce in a particular environment, that’s the 

type of definition we are looking for for the question (Evolution Observation, April 6, 

2015).  
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Diane initially responded to the student’s answer by making certain that the he did not think the 

bunny could adapt during its lifetime – a commonly held misconception. From this quote, I 

inferred that Diane picked up on this students’ misconception; she therefore followed up with a 

class discussion differentiating the scientific versus colloquial meanings of certain terms in 

science. However, at the end of this brief discussion, Diane praised the student who defined the 

term correctly, therefore bringing the topic back to the scientific content (and correct usage based 

on context) of the lesson.  

After the end of this week’s evolution lessons, I talked to Diane about this in-class 

discussion about adaptations. I asked if it was correct to assume, based on the emphasis she 

placed on it during class, that it was important for the students to correctly understanding 

scientific meanings of words used during evolution. She responded in the following manner:  

Yeah. I think it is. I think it goes back to that idea of how do scientists talk and think and 

write and all of that. How do we communicate. And, going back to, it’s not out of the 

context of this unit, it’s not about opinions. It’s about an objective thing that we can 

observe and everyone can agree on, for the most part… But specifically within evolution, 

I think there are so many vocab words that can confuse the kids…And adapt. You guys, 

it’s cold in the room today, can you just adapt to it? Put on a sweater. Adapt to it. This 

idea of changing something, adding something to your person because of the 

environment for that day. It’s the way we talk about adaptation. But then scientifically, 

it’s a very different thing. So, I think that’s the context that I want them to get into. 

(Week 2 Interview, April 13, 2015) 

In this quote, Diane initially mentioned how she wanted students to talk and think like scientists 

during class – in doing so, this meant that they must use words in the correct scientific context. 

She also brought the uniqueness of evolution to light in this discussion. Diane accomplished this 
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by stressing the importance of students’ understanding of evolutionary vocabulary because of the 

confusion that surrounds its use in daily life. I inferred that Diane was connecting back to her 

original comment regarding the general publics’ misuse, and therefore deliberate confusion of, 

evolutionary terms.  

 In a follow-up email upon completion of my evolution observations, Diane referenced the 

term ‘adaptation’ yet again. I had asked her about the importance she placed on vocabulary 

words, in general, in teaching biology. She responded: 

For example, the word ‘adapt,’ most students come into class with the common English 

definition of something like ‘doing the best with what you have in a situation.’ We know 

in Biology that to adapt is something that takes many generations and an individual never 

‘adapts’ or ‘chooses to change physical characteristics’ in order to survive.’ (Follow-Up 

Email, September 29, 2015)  

Diane’s voluntary discussion of the term ‘adapt’ emphasized, yet again, the importance she 

placed upon this term in the students’ understanding of evolution. Her acknowledgement of a 

commonly held misconception about organisms’ ‘choosing’ to adapt also shows her own 

conceptual understanding of evolution ideas.  

 Fitness as a misconception. Despite Diane’s focus on clarifying the term ‘adaptation’ 

during her evolution unit, she also discussed the misuse of other terms, including the word 

‘fitness.’ Although Diane had talked about survival and reproduction as key elements of 

evolution during most of the evolution unit, she introduced the definition of the term ‘fitness’ on 

the last day of the unit. She introduced this term during a lesson that was focused on sexual 

selection. In the middle of this lesson, Diane showed a picture of two individuals on the 

PowerPoint slide – one was of Oprah Winfrey, while the other was a picture of a prisoner with a 

few children at her side. She asked the students which individual was more fit, Oprah or the 
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prisoner. Diane allowed several students to respond with ideas relating to wealth, power, 

financial fitness, and outward appearance (e.g. nice hair, etc.). At no time did she state that they 

were wrong; instead, Diane re-stated their comments, and then discussed the following: 

Ok, so here is our definition of fitness…Fitness is a measure of reproductive success. So 

in terms of science (emphasis placed on this word), and our definition in science, fitness 

is how many babies you have that survive and go on to live their lives. So you are fit if 

you have a bunch of babies, and they are able to survive into adulthood. So if you are just 

walking around in the forest, looking all good, but no one cares, because you pass away 

and you don’t leave an offspring. So in terms of evolution, evolution doesn’t care about 

you at all. You are a big fat zero. But if you survive, and you are a bear that is only five 

years old, you are pretty young, but you have four offspring, and then suddenly an 

asteroid hits you and you die, you were successful. You are a winner. You are very fit. 

Because you left four offspring. (Evolution Observation, March 1, 2015) 

Instead of telling the students that their initial ideas about fitness were wrong, Diane introduced 

them to the scientific meaning of the term. She clearly emphasized the word ‘science’ in the third 

sentence above; from this, I inferred that she was trying to get students to realize that their 

responses were not based on science, and thus, were used in the wrong context. By providing 

examples of (scientific) fitness, Diane hoped the students would realize that if their own answers 

were not based on offspring, their idea of fitness was not correct, at least in the context of 

science. After the discussion above, Diane referred the students back to the Oprah/prisoner 

example - although Oprah was doing well financially, since she had no children, she was not as 

fit as the prisoner with the children.  
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Diane’s Post-Unit Reflection of Addressing Misconceptions in Evolution  

After my observations of Diane’s evolution unit, it was clear that she regularly addressed 

misconceptions during the unit, whether they related to the use of the terms “adaptation” or 

“fitness,” with a focus on the former. As a result, I thought it was evident that Diane addressed 

her initial goal of having students debunk myths. To support my thoughts, in the post-evolution 

interview, I asked Diane to revisit her initial goal. In contrast to my own judgment, she believed 

that her coverage of ideas relating to debunking myths was inadequate (I attribute this to the high 

expectations to which she holds herself/her teaching, not that she actually did not do this), and 

she also stated the following: 

…but I’m hoping they came away with an understanding of what it is so when they 

encounter those things, they can be like, wait, in bio class I’m pretty sure we did this and 

this and that’s not what that is… It’s kind of scary to think, they are watching television, 

it’s someone who’s like, well, those crazy scientists making up all of this stuff! And they 

are like, yeah, I wonder. You know what I mean? It could still be so tentative in some of 

their minds that unless, yeah, I can see them still following some of the misconceptions 

just because of the way people phrase it and they are so confident. (Post-Evolution Unit 

Interview, May 11, 2015) 

Diane revisited the idea she discussed earlier about the public’s general distrust of science, and 

her students’ awareness of this in their daily lives. By emphasizing this idea yet again, Diane 

viewed it as a central issue that must be addressed in science education. By providing her 

students with a solid education complete with valid scientific information, she hoped the students 

would at least think twice about misinformation provided to them outside of school. She 

acknowledged that she would not accomplish this with all of her students, but this is likely due to 
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the messages they received from the media, etc., and not because of her own effort in teaching 

them.  

Although I discussed earlier how Diane addressed misconceptions during the genetics 

unit, it was clear from the post-evolution unit interview that there was a uniqueness to the 

misinformation addressed in the evolution unit. She confirmed this idea by stating the following: 

I think, which I’ve done more in this unit than in any other unit, is…not necessarily 

stopping them, but correcting them or …um…being like, hold up! How could this be 

misconstrued? Hold up – you just said an individual adapted. Do you actually mean an 

individual changed (??? Unclear words here) There was a lot of that… But I think in 

evolution it’s very important to me to be like, eh, no. Is that what you meant? Did you 

mean really to say this or did you mean it like this? (Post-Evolution Unit Interview, May 

11, 2015) 

Diane discussed a pedagogical strategy that I often saw in class – she stopped students briefly if 

they said something that could be misconstrued. She also showed the uniqueness of evolution 

since this strategy was likely used more during this unit than any others. This links back to her 

passion for having her students debunk myths in evolution they may come across in their daily 

lives. By questioning the students, this will help them learn the correct scientific information - 

they can then make decisions about information they hear in the media and other sources outside 

of school.  

Role of student context in addressing misconceptions. It also became clear that how 

Diane addressed misconceptions was not affected by her students’ cultural backgrounds. This 

was verified when I asked, more generally, if the student cultural context affected how or what 

she taught about evolution. Her response was placed in context of one of her major goals for the 

unit – addressing misconceptions. In this email, Diane stated the following: 
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I generally assume that all students (not just at my current school, but at a more affluent 

school I student taught at) have experienced some pushback/misconceptions about 

evolution in social media or with an older relative, so I think it’s important to have our 

‘facts straight’ about what evolution is and is not, what science is and is not, and what 

certain vocabulary words mean in order to make sure we are on the same page. (Follow-

up Email, September 29, 2015)  

Diane clearly viewed her current students as coming from a lower socioeconomic status than 

previous students she has taught. However, she did not believe that her current students were 

different in terms of what they need to be taught with regard to evolution. All students, according 

to Diane, have likely been exposed to the same misconceptions, and thus, she addressed them in 

the same way to all students. This approach does not take into account the cultural context of her 

current students, and how they might differ from other students she has taught. For example, 

there were likely students with various religious backgrounds in her class, and thus, different 

experiences with what they have been told about evolution. As such, students come to class with 

different experiences, and therefore, it is difficult to be on the ‘same page’ with all of them. My 

thought is that the ‘page’ she envisioned for her students was that of ‘science.’ Again, different 

students may define ‘science’ in various ways due to their cultural heritage and/or religious 

backgrounds.  

Summary 

 In this theme, I discussed how Diane addressed misconceptions in both the genetics and 

evolution units. She commonly took student misinformation and ‘weaved it’ into the correct 

scientific answer. During the evolution unit, one of the goals for her students was to debunk 

myths they heard about in their everyday lives. Diane viewed the general public’s distrust of 

science and confusion of terms as a real problem for her students’ eventual understanding of 
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science. During Diane’s lessons, she clarified terms often misconstrued, such as adaptation and 

fitness, by providing students with scientific definitions, comparing these definitions to their 

colloquial use, and by building on students’ prior ideas about these concepts. She viewed all 

students with similar backgrounds in terms of their experiences with push-back to evolution or 

misinformation; as a result, she thought all students needed to be on the same ‘page’ in terms of 

what science is and is not.   

Theme 3: Informal Mentor as an Important Source of Pedagogical and Conceptual Insight 

Why Diane Relies on her Informal Mentor 

Throughout my research project, in the context of planning and curriculum decisions, 

Diane often mentioned another biology teacher at her school. I will use the term ‘mentor’ since 

the teacher informally aided Diane throughout the year. In this current theme, I will use evidence 

from interviews and the co-planning session to show how this mentor influenced Diane’s 

teaching. Although Diane acknowledged that her department often shared teaching resources, it 

became clear that the majority of resources for her biology class originated from her mentor. 

Additionally, I will show how this mentor helped Diane plan her evolution unit, and negotiate a 

dilemma regarding an administrative directive to give a new state standardized test.  

As early as our first interview, just prior to my observations of her genetics unit, Diane 

mentioned her mentor. During this conversation, I asked her to explain the different classes she 

teaches. She mentioned how heavily involved she had been in creating environmental science 

curriculum her first year teaching, since that was the only class she taught at the time. Last year, 

(the year prior to my observations), was her first year teaching the biology course. In this context 

of having to teach two different courses, Diane talked about how her mentor helped with biology 

curriculum in the following way: 
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And I got a lot of resources from (teacher) upstairs. Because she’s been teaching it for 

many, many years. And so, basically whatever she has I take and use. Because this is my 

second prep so it’s like, huh…I only have two classes of biology and so yeah. (Pre-

Genetics Unit Interview, February 11, 2015) 

In Diane’s first reference to her mentor, she briefly mentioned two reasons for depending on her 

for resources. First, her mentor’s teaching experience, more generally, is obviously helpful. I 

inferred from this quote that with experience comes useful resources for Diane. And second, her 

mentor’s assistance is important because Diane has to prepare for two classes, of which, biology 

is a newer course for her teach.  

Further into my research project, I asked Diane how much influence her mentor had on 

her biology teaching more generally, since she started to talk about it briefly in the discussion 

above. She responded in the following way:  

A lot (emphasizes this). A lot. And, who knows, if I had been hired on to teach biology 

from the start, and not enviro, how different everything would have been. If I had spent 

hundreds of hours working on biology curriculum instead of environmental curriculum, it 

would be very different. But because biology has always been secondary, just in terms of 

what I teach and the number of students I have learning it. I’ve always had more enviro 

classes, four classes, or three classes, and bio has always been one class or two classes. 

So, for me, it’s just like I have to choose one to spend more time on, and the one I always 

spend more time on is enviro. (Post-Evolution Unit Interview, May 11, 2015) 

Diane emphasized the words ‘a lot,’ at the beginning of her quote, which showed the reliance she 

placed on her mentor for biology curriculum. In this discussion, she clarified further one major 

reason for her dependence on her mentor. From this quote, and from my observations of her 

teaching, Diane put a lot of thought into each of her lessons. Since she only had limited time, she 
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decided to put more effort into the first class she was given at this school, and the one that took 

up the most periods of her day (environmental science). Diane may not have relied so heavily on 

this mentor had she been given different classes from the start of her teaching career at this 

school. I also inferred from this discussion that Diane’s decision to use many of her mentor’s 

resources did not originate from any comfort issues or lack of confidence with the biology 

content. Rather, it stemmed primarily from time restrictions and the classes she was given to 

teach.  

During this same interview, Diane discussed her mentor yet again, mentioning her 

opinion of her mentor’s background. She did so by stating the following: 

She went to school the same place I did, went through the same program I did, knows 

evolution. I completely trust her understanding of it and she’s taught here and taught it 

for six years, I think. So I very much respect where she’s coming from. And it’s almost 

like, I know how organized she is. I know that she understands the breadth of the whole 

year and the scope of what’s happening throughout the year. So I feel very confident 

using her resources and just knowing it’s all going to work out. And it’s not like that for 

any other teacher I know. (Post-Evolution Unit Interview, May 11, 2015)  

In addition to time constraints and the context of her courses, there are other reasons why Diane 

relied so heavily on her mentor. Diane’s trust of her mentor was based partially on similarities in 

their backgrounds. Interestingly, they both went through the same teacher preparation program, 

but at different times. This idea, in conjunction with her mentor’s teaching style, provided Diane 

with a level of trust, and therefore, an obvious comfort in being able to use her mentor’s biology 

resources effectively in class.  

Further along in my discussions with Diane about her mentor, it became clear that the 

respect of her mentor’s background and teaching style were not the only other reasons she relied 
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so heavily on her. In the following quote, Diane discussed how her mentor influenced her 

teaching in other ways as well: 

I very much respect her opinion. And she is very much activity based. So I’m very much 

a talker, and I like to talk to the kids (laughs), and lecture to them, which is so boring for 

a lot of them. But I also really like, because it forces me to get into the lab more. And she 

has more lab experience then I do. I never did lab work in college. I did more ecology 

stuff, but not working in a lab, and so, all of those things came from her. And I’m glad 

that they are there. (Post-Evolution Unit Interview, May 11, 2015) 

Diane showed that her mentor’s influence was not limited to providing her with teaching 

resources. Rather, this mentor ‘pushed’ Diane to teach in ways that took her out of her comfort 

zone. Diane has clearly thought about her teaching style, and is constantly looking to improve 

her teaching, even if it means going beyond a certain comfort level with her pedagogy. I noticed 

this general desire to make many of her lessons better during our informal discussions – as such, 

having this mentor and her activity-based lessons were one way to help Diane become a better 

teacher that she clearly strived to be every day.  

Examples of Mentor’s Pedagogical and Conceptual Insight during Evolution 

In the discussion above, I briefly mentioned why Diane relied so heavily on and put so 

much trust in her mentor and her teaching resources. Next, I will discuss examples of how Diane 

used her mentor’s resources or advice during the evolution unit. During one interview, I asked 

Diane how she planned her evolution unit. She responded by stating that she would, “…email 

(mentor) a week before, and she would send them (PowerPoints) all out. So I’d have it and then I 

would review it…” (Post-Evolution Unit Interview, May 11, 2015). During most of Diane’s 

lessons, she had a PowerPoint projected on the front board - many times the slides included a 

bell work assignment, and/or directions for the day’s activities. This quote referred to the 
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PowerPoints she used on a daily basis during her evolution unit. Each week, Diane took what her 

mentor gave her, and as I will discuss further below, made it fit her own teaching style. During 

this same discussion, Diane mentioned how she observed her mentor’s classes when she taught 

labs that Diane had never done previously. This shows the initiative and time Diane took to learn 

from her mentor, and thus, improve her own teaching.  

As I stated earlier, I co-planned with Diane once at the beginning of her evolution unit. 

Much of this planning was focused on the breeding bunnies lab that she spent an entire week 

teaching. During our discussion, Diane mentioned that she had taught this lab previously at 

another school (during her student teaching), but cited her mentor with determining the timing of 

the lab at her current school. When I asked her why she chose to start the evolution unit with this 

lab, she referenced her mentor in the following way: 

I know that (mentor), and this is what she said, and I also agree, is because we just 

finished up this unit on genetics and alleles. And instead of going like, oh yeah, that was 

this, and this is a completely separate thing, using some of that same terminology to bring 

them into the concept of evolution is…you already know about this and this is the 

mechanism by which it works. (Co-Planning, March 23, 2105)  

Diane’s idea for starting the evolution unit with the breeding bunnies lab was aligned with her 

mentor’s thoughts. Although Diane did not explicitly state that the reason she started the unit 

with this lab was because her mentor did, I inferred from this quote that this was likely the case. 

She built on her mentor’s decision to connect the previous genetics unit to the idea of allele 

frequency changes over generations, the main concept from the lab. Diane could have begun the 

evolution unit was concepts unrelated to genetics/alleles, but instead, used her mentor’s ideas 

that she agreed with wholeheartedly.  
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After Diane taught the first week of evolution, I asked her several questions about her 

pedagogy from the week. In addition to the lab, she introduced the students to several vocabulary 

words including evolution, adaptation, gene pool, allele frequency and variation. When I asked 

her for the source of the PowerPoint slides that included these terms, Diane responded in the 

following way:  

I think I was just using the resources that (mentor) had. Although the entire PowerPoint, 

all the PowerPoints that I’ve had, I’ve made, and so all I took from hers was that she gave 

them that definition for gene pool, that definition for allele frequency, and that definition 

for evolution… In her class, they start breeding bunnies by saying, here’s this definition 

of evolution, change in a species over time. And then they are like, oh, well, here’s a 

better definition. And it relates to breeding bunnies. But I never have them start with all 

that… (Week 1 Interview, March 26, 2015) 

I had mentioned earlier in this theme how Diane took her mentor’s PowerPoints and looked at 

them on a weekly basis. In the quote above, Diane began to detail how she modified these slides 

each week. In this specific instance, Diane took some of the definitions from her mentor’s slides 

and used them in her lessons. However, Diane’s approach to teaching the vocabulary was much 

different from that of her mentor. Diane did not frontload vocabulary, unlike her mentor – from 

my observations of Diane’s lessons, I can confirm that she introduced the vocabulary after the 

lab was completed. This discussion shows that although Diane relied on the content from her 

mentor’s slides, she made the lessons her own, and did not always use the same pedagogical 

approach as her mentor.  

Mentor’s Help Negotiating a Political Dilemma 

During Diane’s evolution unit, the administration announced that the entire school would 

be giving a new state standardized test called the Arizona Merit (they gave the teachers a few 
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weeks’ notice). This testing would occur for two weeks during Diane’s evolution unit. All of the 

teachers were told that since students would be leaving their classes at various times to take these 

tests over this two week period of time, they could not teach anything during this time that would 

be tested. As a result, Diane would have to take a ‘break’ with her evolution unit. Although I will 

delve deeper into how this political issue affected Diane in the fifth theme, in the current theme, I 

will discuss how her mentor helped negotiate issues associated with this break in evolution. I 

asked Diane what she planned to teach during this two week period of time, and she responded in 

the following manner by referencing her mentor:  

Those weeks…the entire two week period is something that…so (teacher) and I talked 

about what are we going to do for two full weeks, which is in the heart of our evolution 

unit. So what she and I came up with was, which is actually what I really like, because I 

had these from last year, that she had developed, which is a lab where the kids look at 

different organisms under the microscope. And then write down observations about them. 

And so this idea of going from station to station to look at the different organisms, I never 

did that last year but she did it. And we are like, let’s turn this into a whole week and a 

half long thing. Where every day the kids will spend time at one of the stations learning 

about that type of organism. (Co-planning, March 23, 2015) 

Diane started this discussion with a low voice – it was clear that she was unhappy with the 

decision to stop evolution for two weeks. Further along in this conversation, she began to talk 

about her own co-planning session with her mentor, and how they had discussed an effective 

way to deal with these two weeks ‘off’ from evolution. They appeared to have negotiated a plan 

together, based on the mentor’s previous experience and Diane’s agreement with her mentor’s 

approach to the stations. Diane’s mentor helped her negotiate this sudden political dilemma that 

initially complicated her schedule for the unit.  
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Diane provided me with artifacts from these two weeks of teaching during the state 

testing window. She referenced a video on sexual selection in one of the PowerPoints she 

provided. During an interview, I asked her why she chose to show this video, and she referenced 

her mentor in the following way:  

And it’s something that (teacher) has watched in the past and she’s given it really high 

ratings. She’s like, this is really good. They are really interested in it… So yeah, the 

reason was (teacher) and I had just discussed watching the video over two days on 

especially the days where they are testing. (Week 2 Interview, April 13, 2015) 

This quote shows another pedagogical decision that was influenced by Diane’s mentor during the 

state testing window. Diane trusted her mentor’s opinion on the video, and based on her mentor’s 

own past experiences using it with her own students, Diane decided to show the video.  

Summary 

During the entirety of my research, it was clear that Diane’s mentor had a significant 

impact on curricular decisions for her biology class. Diane admits that she may not have relied so 

heavily on her mentor if it weren’t for the classes she was given at her school. Diane chose to 

focus on curricular planning for her environmental science class, and therefore, depended on her 

mentor for much of the biology curriculum. Through several interviews with Diane, it was clear 

that she respected her mentor’s teaching decisions, and valued her opinions more generally. At 

one point, she described her mentor as “…really organized and a really great teacher,” (Pre-

Genetics Unit Interview, February 11, 2015). Her mentor also pushed Diane to make pedagogical 

decisions that she was likely not to make, including the decision to teach more labs. 

In this theme, I also showed how specific decisions within Diane’s evolution unit, 

including the timing of the breeding bunnies lab, and several definitions she used, originated 

from her mentor. However, Diane did not always teach in the same way as her mentor – she took 
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all of the resources and melded them based on her own style of teaching. Diane’s mentor was 

also important in helping to negotiate the curriculum during the state testing window, an 

unanticipated political dilemma that took place during the research project. Overall, Diane 

trusted and respected her mentor, who clearly had a large impact on her curricular decisions 

during most of her biology units, with examples here relating to evolution.  

Theme 4: Scaffolding Students’ Prior Knowledge of New Content by Allowing for Student 

Talk  

Scaffolding Prior Knowledge in Evolution 

In this theme, I will use evidence from observations, interviews, and artifacts to show 

how Diane built on students’ prior knowledge when introducing new content in her biology 

class. During many of her evolution lessons, before she introduced a topic, she determined her 

students’ prior knowledge. Oftentimes she would then build on this knowledge to begin talking 

about the main concept for the day’s lesson. The technique of scaffolding student prior 

knowledge included ample student talk (student questions, pair-sharing, etc.). During my four 

observations of her genetics unit (which took place at the end of her unit), she did not introduce 

any new content (her focus was mainly on reviewing mitosis/meiosis concepts). As a result, I did 

not observe her scaffolding prior knowledge of a new topic.  

I did not want to assume that because I did not observe Diane using this technique in the 

genetics unit, that she only used it during the evolution unit. As a result, in a follow-up email, I 

asked Diane why she employed this strategy, and if there were specific units where she used it. 

She responded in the following way: 

I use this technique across all units because it seems to me that students get stuck when 

they feel like Biology is all just memorization, but when I can have them use prior 

knowledge and common sense to give their idea about what a concept or vocab word 
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might mean, it will stick because they figured it out themselves, and took a moment to 

think about it, instead of just mindlessly copying it down. (Follow-up Email, October 25, 

2015) 

Diane confirmed that she used prior knowledge across content areas within biology to help 

students learn the content. She is clearly concerned with students’ long-term retention of the 

content, and hoped that they would view learning biology in a different manner than those they 

had been exposed to previously. 

I noticed how Diane scaffolded students’ prior knowledge before introducing a topic 

oftentimes during evolution, since I was present every day of this unit. For example, I observed 

this during the last week of the unit, when she introduced the students to three types of selection 

(disruptive, stabilizing, and directional). Prior to introducing them to this concept, she reviewed 

the types of evolution, which she taught the previous day. In her introduction to the types of 

selection, she showed students three diagrams drawn on the white board, each representing a 

different type of selection. She did so by stating the following: 

I want you to take a look at these three different types of selection we’ll be talking about 

today. See if you can match up one of those types of selection with each of these pictures 

I drew up on the board. Take a look at up on the board, decide which of these words 

would best fit with each of these graphs. Come up with an idea in your head about why 

that might be. (Evolution Observation, April 28, 2015)  

Diane gave the students a few minutes to discuss the answers in pairs, and then came back 

together as a group. I saw this strategy of think-pair-share on a daily basis in her class, both in 

genetics and evolution. Because most of the responses involved student talk, I will not quote 

them here (due to IRB restrictions); rather, I will summarize what happened. Diane randomly 

called on students to match the graph with the type of selection. Each student picked the correct 
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pairing, and explained what they thought the word meant (the type of selection) in relation to 

what the graph showed. They used descriptions of the dipping of the curves to match them with 

the common understanding of the words relating to selection. Diane seemed pleasantly surprised 

that the students got the answers correct before she went through the concepts. After this brief 

introduction, she discussed the concepts in more detail in a PowerPoint presentation, and 

discussed their direct connection to evolution.  

 Another example of how Diane built on student prior knowledge before introducing a 

new topic took place on the last day of the unit during bell work. She showed a picture of a 

brightly colored peacock on a PowerPoint slide and asked the students to answer the following 

question: “Why do you think peacocks evolved to have such bright tail feathers?” (Evolution 

PowerPoint Artifact, May 1, 2015). She allowed students to discuss the answer in pairs, and then 

they came back together as a group to discuss. As Diane received responses from the students, 

she wrote them on a table on the board – this table had two columns, one with a + and the other 

with a -, representing the positive and negative aspects of having bright tail feathers. After one 

student response, Diane responded: 

Yeah, so they look pretty. And the females want to mate with them, right? What’s the 

negative part of having huge, beautiful feathers? What would be negative about that? 

(student responds, and then Diane responds) Ok, so maybe predators (writes this under – 

column on table). You also touched on energy (writes this on board). The amount of 

energy it takes to upkeep this huge amount of feathers. That’s going to take a lot of 

energy. So we have some negatives, but it looks like this one positive has made a big 

difference (points to table). (Evolution Observation, May 1, 2015) 

Diane reiterated what students said, wrote these concepts on the board, and continued to ask the 

students questions to probe their understanding of why the peacock evolved these feathers. She 
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allowed the students to give many different answers, never stating that one was correct of 

incorrect. This was a common tool she used often during her teaching more generally – allowing 

student feedback, and building on it to better understand their thought process. 

 Following the discussion above, she then asked the students the following, which got to 

the major point of this bell work: 

What do you think sexual selection means? Take a moment with your partner. Come up 

with a definition of sexual selection. As different from natural selection. What does 

sexual selection mean? Take 30 seconds and talk to your partner. (Evolution Observation, 

May 1, 2015) 

After building on students’ knowledge about the peacock, Diane asked them to predict the 

meaning of sexual selection, which was the focus of the day’s lesson. Since they had already 

learned about natural selection in a previous lesson, she asked students to build on their prior 

knowledge about this concept to devise their own definition of a new concept, sexual selection. It 

is also possible that since the students learned about sex from a movie during the Arizona Merit 

testing weeks (referenced in theme three), they could have built on this knowledge to determine 

their definition of sexual selection. Again, Diane emphasized student talk in pairs prior to 

discussing this concept as a group. When they came back together as a group, one student talked 

about adaptations and how they were useful for mating. This was very close to her own 

definition, so she reiterated what the student stated, and then placed the slide with the definition 

of sexual selection on the board (‘Evolution of adaptations that help organisms attract mates’- 

PowerPoint Artifact, May 1, 2015). 

Importance of Student Talk in Diane’s Biology Course 

 Diane allowed for ample student talk during most of her lessons in both the genetics and 

evolution observations (even though I did not observe the scaffolding of new content, more 
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specifically, in the former). I specifically discussed examples of how Diane inquired about 

students’ prior knowledge, and then scaffolded these ideas during her evolution lessons. After 

students discussed concepts in pairs, Diane often used the Popsicle stick method of calling on 

individuals – each stick had a different student’s name, and she pulled from this jar to call on a 

student. With this method, students knew they could be called on at any time during class.  

However, I noticed that many students volunteered answers to questions, so Diane did not have 

to use the Popsicle stick method for each question she asked. The students also seemed 

comfortable asking questions in class, as they did frequently during both genetics and evolution. 

Diane always attempted to answer questions, and never created an atmosphere in class where 

questions were not encouraged. Throughout my project, I noticed how she clearly had a positive 

rapport with her students.  

 During an interview, I had asked Diane to describe her teaching style. She answered by 

discussing how her approach to student talk was different in her biology class, as compared to 

her environmental science class. She did so in the following way: 

With biology, I feel like because the kids are a little more mature, and a little bit more on 

top of things. I can kind of lecture more. Actually, go off and talk about the content more, 

field more questions, because the questions are usually more related to the content. So I 

can, so I’m ok rolling with them. Well, what if? They ask such great questions. (Pre-

Genetics Unit Interview, February 11, 2015) 

One reason Diane allowed for student talk in her biology class was because of the maturity and 

age of her students in this specific class (since the environmental science students were younger 

and likely tended to go off topic). Allowing students to ask questions also showed how Diane 

was interested in building on students’ ideas, and how comfortable she was with the biology 

content. As such, this technique was not unique to either evolution or genetics, as it seemed to be 
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a method she used often throughout her biology course. This also shows that specific content 

within biology likely did not affect when she allowed students to ask questions (for example, in 

genetics, but not in evolution).  

Upon completion of my observations of both of Diane’s units, I asked her about student 

talk in a follow-up email. Based on my observations, it appeared as if student talk was an 

important part of her biology class. I asked her if that was a correct assumption, and to explain 

why she used this method often. She responded in the following manner: 

Most people like to be social, if I can group discussion answers, giving examples, and 

explaining themselves with something they naturally are inclined to do, it makes the 

experience better…A lot of students are also not as successful at explaining what they 

know in writing, but can answer verbally at a higher level. I think it’s important they have 

practice and success with answering before I expect them to write down their thought 

process. Also, because high school students care much about their peers think of them, 

allowing them to ‘save face’ by discussing answers before I call on them, allows those 

more anxious students or ones who need to hear the information again, an opportunity to 

be successful instead of a ‘cold call’ with no prior time to think/order their thoughts. I 

think this builds feelings of confidence and community and allows an atmosphere of the 

importance of trying (in science, school, and life) as opposed to having the correct answer 

all of the time. (Follow-up Email 1, September 29, 2015) 

Diane recognized that her students express themselves in different ways. In this context, Diane 

showed how she sincerely wanted all of her students to succeed in her class. This was evident 

throughout my communications with Diane, and my observations of the interactions between her 

and her students. By trying to include varying modes of participating, she hoped that all of her 

students would find a ‘way’ to become involved in daily conversations in her biology class. 
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Diane also showed an understanding of who her students are as teenagers, and used this 

knowledge to build a comfortable place for them to learn in her class. This was one of the very 

few times Diane expressed any direct connection between her students’ background and the 

pedagogy she employed in class.  

Summary 

 In this theme, I showed how Diane scaffolded students’ prior knowledge to introduce 

new concepts during the evolution unit. She also allowed for ample student talk, as she engaged 

students in think-pair-share before they discussed ideas as a group. Diane included this student 

engagement in both her genetics and evolution units. Upon reflection, Diane mentioned how 

allowing for student talk was unique to her biology class, which was primarily due to the 

maturity of students enrolled in this course. She sincerely wanted all of her students to succeed – 

understanding that they may learn and be successful in different ways; she hoped that engaging 

them in talk during class would allow them, as teenagers, to be comfortable in class. As a result, 

Diane showed an interest in helping her students become successful in school and in life.  

Theme 5: Political Issues: Standards, Support from Administration, and the Arizona Merit 

Test  

Role of Standards 

In this theme, I will use evidence from interviews, artifacts, a co-planning session, and 

observations to show the role of political issues in Diane’s teaching. I will discuss Diane’s views 

on science standards, the autonomy she was given to teach biology and evolution more 

specifically, and administrative policies that affected her teaching. I will focus mainly on the 

policy regarding the Arizona Merit test, which I believe had the greatest effect of all of the 

school’s policies on her teaching. I will also discuss other minor policies that related to video 

usage and homework that seemed to have little effect on Diane’s teaching. However, Diane’s 
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discussion of the latter policy, which was determined at the district level (per Diane’s response), 

showed how she viewed students’ home life and their cultures.  

In my first interview with Diane, I asked her about the degree of autonomy she was given 

by the school and district administration to teach biology. In response, she voluntarily spoke 

about her view of standards in context of her own teaching in the following way: 

I know that we have as a department gone from more specific information to less specific 

memorization, rote stuff, and more concepts and skill bases. Like being able to do, basic 

next gen standards, even though we are not technically, un-technically moving towards 

that way… Yeah, technically we are supposed to be following the Arizona state 

standards. Which we are used to aligning with AIMS. But our technical, untechnical, 

which was our….what’s his name, (administrator) was like, you guys are doing Next Gen 

standards. But not technically because the state hasn’t passed them, but you are doing 

them. But not technically. (Pre-Genetics Unit Interview, February 11, 2015)  

To add some context to the quote above, Diane followed the content the biology department used 

– they were given a general idea of topics to cover, since they have a common final exam, but 

otherwise, were given leeway to teach as they would like. She respects and follows the 

guidelines put forth by her department. The AIMS (Arizona Instrument to Measure Standards) 

test is becoming obsolete, as she inferred in this discussion, and was evident by the 

administration (for the first time) of the Arizona Merit test this year (the latter of which will 

eventually replace AIMS in Arizona). Diane also mentioned the administrator’s directive (at the 

district level, which she later clarified), to teach in accordance with the new national science 

standards, despite not being officially adopted by Arizona; this administrative decision shows the 

progressive nature of the district. Although the administration gave a ‘vague’ directive to teach 

with these standards in mind (‘technically, but not technically’), Diane inferred this was the 
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preferred way of teaching science. Her positive intonation during this discussion showed that she 

likely agreed with the use of these new standards.  

From this response, it appeared as if Diane would likely use the Next Generation Science 

Standards (NGSS) in her teaching. To verify my initial thought, later during this same interview, 

I asked Diane how she used the standards, and if she sat down with them as she planned her 

lessons.  She responded: 

No… I don’t usually sit down and look through them. I just think it seems like a natural 

progression anyway of lower Bloom’s to higher level. (Pre-Genetics Unit Interview, 

February 11, 2015) 

Diane did not use the standards as much as I had initially anticipated, given that she did not 

spend any time aligning them with her daily lessons. Rather, she viewed the content in the 

standards as supporting ideas within teaching that allow for more application and synthesis then 

rote memorization. Diane was clearly knowledgeable about NGSS, and hoped to use them more 

in her teaching.  

During my observations, I did not notice any reference to standards (state or NGSS) in 

any of the PowerPoint slides, verbally in class, or on any artifact. However, when Diane sent me 

the slides she used for the first two weeks of teaching evolution, I noticed that she included 

eleven slides at the end, each with a different NGSS standard (they were not on the slides shown 

in class).  An example of one of these slides is seen in figure 23 below. 
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Figure 23. One of eleven slides placed at the end of a PowerPoint connecting to NGSS 

Although Diane found the NGSS useful regarding the type of scientific knowledge they 

emphasized, she also discussed not spending time aligning them with her content (per the 

discussion above). Yet here were a number of slides that appeared to align her content with the 

standards. She did not put standards within the genetics lectures she sent me, or any subsequent 

evolution slide sets. My initial thought was that she included them in these presentations solely 

because she was aware I was looking at them (and it was at the beginning of the evolution unit). 

Given my confusion as to why these slides were in her presentation, I asked Diane why she 

included these slides and how they impacted her unit. She responded to my inquiry in the 

following way: 

I felt like it was more of a pat on the back. Or a check mark. I’m like, oh, look, we 

covered that. Cool. It was more of a….it’s like book-ending it. (Post-Evolution Unit 

Interview, May 11, 2015) 

Diane clarified that she did not plan with the standards in mind, as she initially told me. 

Although she did not acknowledge my presence/research as the reason for including these slides, 

she used them for verification purposes. The fact that she would take the time to acknowledge 
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alignment of standards with her content, even after the fact, shows that she was aware of the 

presence of the standards, even if they were not officially ‘mandated’ by administration.  

Few Administrative Policies Resulted in Autonomy 

As I stated earlier, I asked Diane about the degree of autonomy she was given at her 

school. In this response, she initially talked about the role of standards. Following this, she 

discussed the freedom she was given to teach what she wants and how she wants to teach it, 

within the topics agreed upon by the biology department. I asked her if I was correct in assuming 

that her administration does not have many policies that direct how she teaches, and therefore 

does not micromanage her teaching. She responded in the following manner: 

No. It’s wonderful…. It’s really wonderful. If I was like, let’s go to the computer lab this 

day and you guys look up the stuff and we do presentations. Done.. And I really, really 

love that. I don’t have to give them plans everyday. (Pre-Genetics Unit Interview, 

February 11, 2015)  

Diane confirmed my initial thought that her administration did not specify what she does in class 

every day. She is clearly trusted to teach what and how she wants, making curricular and 

pedagogical decisions without having to provide these plans upfront. From her tone of voice, 

having this autonomy appeared quite freeing for her, and an enjoyable aspect of her job at this 

school. 

From the discussion above, Diane had autonomy to teach her classes, more generally. I 

followed up with Diane to determine if there were any administrative policies regarding the 

teaching of evolution, more specifically. She initially discussed how evolution was just another 

topic in biology, and then stated the following: 

Well it’s in the state standards, so of course we are going to teach it. So then why would 

you have to send home a letter to be like, hey, we are teaching your child something in 
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the Arizona state standards. So that’s their idea, of course, why would we? I’ve heard in 

other districts them having to send home a letter - we are beginning this topic on 

evolution. Which I, thank goodness, have never been at a school where I had to do things 

like that because it’s like, by the way, we are starting a topic on fungi, just wanted to let 

you know! (laughs) It’s a science standard that we must teach, so why am I sending?? 

(Pre-Evolution Unit Interview, March 6, 2015)  

Diane thought that her administration treated evolution as just another topic from the standards 

that was required to be taught. This also provided evidence of how she aligned with the 

administration’s view – Diane thought that it is laughable to treat evolution in any other way, as 

some other schools do. In this way, evolution was not unique to Diane – attention should not be 

called to it since it should be just a regular part of the science curriculum. 

Policy on videos. Despite the autonomy Diane was given to teach science, and evolution 

more specifically, throughout my project, Diane discussed a few administrative policies at her 

school. Although they did not seem to affect Diane’s teaching significantly, they were still 

important policies for teachers to abide by. For example, during the post-evolution unit 

interview, I asked her if there was anything about the unit she wanted to tell me that I had not 

addressed. She discussed a video she showed during one day of the unit when she was absent. 

She did so in the following way: 

There was a day where I was gone and I had a video about Darwin that the kids watched 

for an hour. So that’s a very huge time commitment. We aren’t really supposed to show 

videos. (voice lowered here)… Yeah, it’s a school thing. Yeah, and I don’t think, and as a 

science department, we’ve always rallied against that because in a subject like science, 

it’s really different. And of course there’s amazing videos for every different discipline, 

and type of study, but especially for science. I can’t show passage of time. I can’t show 



233 

 

large scale things. I can’t…the kids need to see it. And the diversity of life, they don’t 

have experience with it. I don’t have, I haven’t gone to other continents. And so I think 

that visual is an experience we all have after watching a video. And so I am a big 

proponent of that, and they just need someone else’s voice to teach them biology 

sometimes. (Post-Evolution Unit Interview, May 11, 2015) 

Diane’s voice lowered during this part of the interview, especially at the beginning of this quote. 

This was an indication that she knew she was not supposed to show the video (per policy), but 

felt it was necessary. During the interview, Diane looked at the door once, likely to make sure no 

one was nearby to hear her. Following this, she discussed the reason for showing videos in 

science, and how this has been an issue of contention for her entire department for some time. 

Diane acknowledged the importance of videos in science class, despite policy against it. She 

thought that videos were a way for all students to view ideas that may not seem relevant to them 

(including herself).   

Later in this discussion, Diane talked about how she has negotiated this administrative 

directive in the past by stating the following: 

What it is you are not supposed to show is a full length movie. The whole 50 

minutes…Some people have gotten away with it when they pause it every 10 minutes, 

have a discussion. So I think we’ve all done that. (Post-Evolution Unit Interview, May 

11, 2015) 

Diane and other teachers have negotiated this administrative policy previously by stopping 

videos and discussing them. The videos then become clips that were integrated into class 

discussions. During my observations of her lessons, she never once showed a full-length movie. 

Once or twice, Diane showed a quick, few minute clip on a topic, and then had a brief discussion 

afterward. As I stated in a previous theme, Diane showed a longer video on sex during the 
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Arizona Merit testing window. However, considering that she only showed longer videos either 

when she was absent or during a testing window, showed that most of the time Diane abided by 

this policy, and appeared to disregard it only when absolutely necessary.  

 Policy on homework. During the co-planning session, Diane mentioned another minor 

school policy. In this discussion, I initially asked if students kept their class work binders in the 

classroom, or if they brought them home on a daily basis. After stating that they kept them in 

class, Diane described the lack of homework and the policy for not giving homework in the 

following way: 

At this school, there’s not emphasis, especially with the freshmen, on homework, or at 

least in their non-math classes. So …And I think it’s a district wide thing where it’s like, 

you guys go home to a lot of stuff. And we are not expecting you to go home and have a 

nice little quiet study area. And your little snack. Your mom brings your snack. That’s 

not what’s happening. These kids are going home and watching their brothers and sisters 

and making their own food. Or going and spending time at someone else’s house. So it’s 

really…I think that’s also why the kids are so, I don’t know. I don’t know if it’s why they 

are so good when they are here. But, we expect them to show up and try as hard as they 

can in class. Those are their 8 hours. And then they go home and do whatever they want 

or whatever they have to do. (Co-planning, March 23, 2015)  

Diane thought that the policy of giving no homework (especially to the non-math classes) was 

based on district policies. She clearly abided by this policy, as I rarely observed Diane give 

students any work to complete after class. This discussion showed how Diane and (likely) the 

district viewed the students’ home life – they did not expect any work to get done at home 

because of their lives outside of school. She inferred that students have difficult home lives, 

which aligned with her quote in the introduction to this chapter. 
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Arizona Merit Testing Window’s Effect on Diane’s Teaching  

 One administrative policy that seemed to affect Diane the most during her teaching, and 

specifically during evolution, was the Arizona Merit testing window. This directive was given to 

the teachers just prior to the start of her evolution unit. Diane and I co-planned together during 

the first week of her unit, and by that time, she was aware of this directive. As she stated during 

this discussion, “…they just threw this at us two weeks ago,” (Co-planning, March 23, 2015).  

She and the other teachers did not have much time to determine what to teach during the testing 

window.  

During the co-planning, Diane discussed the implications of this two week period of 

time, including not being able to ‘teach’ tested material within evolution, and thus, taking a break 

from that content.  When I asked what she was going to teach during these two weeks, she stated 

the following: 

So I have no idea! (laughs) It’s like a bunch of unknowns. So I don’t know how much of, 

I don’t know if I’ll just do some sort of teaching of a concept and then they’ll go into lab 

and do the stations things. (Co-planning, March 23, 2015)  

Diane showed frustration by laughing during our discussion. At this point in the evolution unit, 

although she had been told that testing would occur, there was no indication of a plan for what to 

teach. Her ideas regarding teaching through stations seemed impromptu, and not set in stone. 

Clearly, she kept in mind how students would be absent on occasion, but she still had to find a 

way to keep science going in class.  

 As I had mentioned in a previous theme, Diane eventually determined what to teach 

during this two week period in collaboration with her mentor. I was not present in her classroom 

during this two week period of time since it was considered a ‘break’ from the evolution unit. 

However, during the post-evolution unit interview, I asked Diane to reflect on factors that 
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affected her unit, in either a positive or a negative way. She discussed the Arizona Merit testing 

voluntarily by stating the following: 

I think Arizona Merit just comes up a lot. It’s very difficult for me to imagine it without 

this break in the middle where it’s like, go into lab, do this thing. Come back. Let’s not 

talk about evolution. And then put it on hold and then come back to it. Hey, remember 

evolution? Except I was really impressed that day that we came back and they did 

their…I actually still have that up on the white boards, I was very impressed. I think a lot 

of them were just regurgitating definitions, but a few of them were able to draw some 

comparisons and then bring it back. (Post-Evolution Unit Interview, May 11, 2015) 

Diane’s tone of voice, especially toward the beginning of this discussion, was an indication that 

this testing window negatively affected her teaching. This was supported by the details in the 

quote, and the way that she sarcastically stated, ‘hey remember evolution?’ Despite this break in 

her unit, the students showed retention of at least some of the evolution knowledge gained prior 

to the testing. Diane seemed pleasantly surprised by this fact. (Diane was referring to a concept 

map activity on the first day back from testing – the students linked vocabulary words in 

evolution they learned prior to this testing window).  

During this same interview, I asked Diane if her students had reached the initial goal of 

debunking myths in evolution. She responded by weaving together her thoughts on these goals 

and the effects of the testing window in the following way: 

I feel like we didn’t spend as much time in class debunking the myths. I didn’t even go 

into, hey, guess how half of America misinterprets what this is. I was just giving them an 

education on what it was. So I don’t feel like there was a time when we actually stepped 

back. And I think it was the Arizona Merit coming into it… (Post-Evolution Unit 

Interview, May 11, 2015)  
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Diane mentioned the testing window as one of the main reasons for not achieving her goals for 

the evolution unit. It was clear from this quote and those above that this break in her unit affected 

her teaching, especially as it related to evolution content. She seemed disappointed that she had 

not spent as much time in class debunking myths, but also realized that she had no control over 

this administrative directive.  

Summary 

 In this theme, I showed how various school and district policies affected Diane’s 

teaching. Overall, however, there was very little micromanagement of her teaching, and thus, 

greater autonomy in how she approached her science classes. She was not mandated to align 

curriculum with standards, although she was aware of and incorporated aspects of the NGSS 

because of how they approached science teaching and learning. Diane abided by a few minor 

policies, such as those relating to video usage and homework, the latter of which showed how 

she and the district viewed students’ home life more generally. Overall, the directive to stop her 

evolution unit because of the Arizona Merit test, seemed to affect her teaching the most. She 

referred back to this time as one of the main reasons for not reaching her initial learning goal for 

the evolution unit.  

Summary of Themes 

 In this chapter, I described the case of Diane, a high school science teacher who was in 

her third year of teaching, but her second year of teaching biology. Despite her comfort level 

with teaching both micro- and macroevolution, and the importance she placed upon students’ 

understanding of both aspects of evolution, she chose to focus on the former during her unit. 

Evidence from the labs, PowerPoint slides, interviews and observations showed the main focus 

of her unit was on the concept of allele frequency change over generation within organisms. 

Additionally, one of Diane’s main goals for the evolution unit was for her students to be able to 
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debunk myths about evolution that they encounter in their daily lives. Diane thinks that every 

student she has ever taught (her current students and those at one other school) has encountered 

individuals who distrust science or deliberately misuse evolution terms – both of which are used 

to confuse the public. To help students think twice about this, she purposefully included 

discussions about the colloquial versus scientific meanings of words such as ‘adaption’ and 

‘fitness’ during her evolution unit. Despite evidence of Diane correcting misconceptions in 

genetics, she discussed the importance of addressing misinformation in evolution due to the 

uniqueness of the implications of not doing so. 

 In this chapter, I also discussed Diane’s reliance on an informal mentor who was an 

experienced biology teacher at the same school. Diane depended heavily on this mentor for 

resources specific to her biology course, since this class was a lower priority when it came to 

planning and curriculum decisions. Diane relied on PowerPoint presentations, laboratory 

material, videos, and other curricular insight provided by her mentor during the year. She trusted 

and respected her mentor due to her experiences teaching biology, and their similar educational 

backgrounds. When the administration gave the teachers a directive to stop their evolution units 

for two weeks of state testing, Diane’s mentor helped determine what to teach during this 

unanticipated break. Additionally, Diane’s mentor pushed her beyond her normal comfort level, 

as she ended up making pedagogical decisions (going into lab more often, etc.) that she normally 

is not accustomed to doing. As such, her mentor’s influence was greater than just providing 

resources – she helped Diane build on her teaching skills.  

 Later in this chapter, I discussed how Diane oftentimes scaffolded student prior 

knowledge before introducing a new concept in class. Although I only observed this during the 

evolution unit, Diane mentioned how she used this strategy in all of her units. In doing so, she 

encouraged student talk, which included ample opportunities for students to ask questions, and 
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discuss ideas in pairs and as a whole class group. Diane felt that allowing for student talk in class 

was important for a teenager’s learning – it was also a way to help them become comfortable in 

her class, and realize they could speak even if their answers were not always correct.  

 Finally, at the end of this chapter, I mentioned the political issues Diane dealt with as a 

science teacher. She was given ample autonomy to teach, and she described situations where she 

was free to choose what to teach and how to teach it, within the agreed upon limits of the biology 

department’s content goals. Minor administrative policies, such as those dealing with videos and 

homework, did not seem to affect her teaching much. However, the directive to stop evolution 

because of state testing affected her evolution unit in several ways. She attributed this ‘break’ as 

one reason for not helping students debunk myths, one of her major goals for the unit. Diane also 

appeared frustrated during our discussions, not knowing what would come of these two weeks, 

and if her students would remember what they were taught beforehand. 

 Overall, Diane appeared confident teaching biology; I attribute this to her background in 

science, and her mentor’s significant contribution to her biology course. Her teaching did not 

seem to be affected much by students’ culture. She had mentioned on a few occasions how they 

came from lower SES backgrounds, and how their families likely had mental or other issues. 

During my observations, I never heard her connect to students’ home/cultural lives (e.g. as 

Latino/as, their religious backgrounds, etc.), and rarely their interests as teenagers. However, 

Diane abided by district policy by not providing students with homework, and instead noticed 

how well they worked during the day when they were present at school. Overall, Diane worked 

tirelessly as a teacher to improve her own teaching, and her students’ learning of biology.  
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CHAPTER 7: CROSS CASE ANALYSIS AND DISCUSSION 

Introduction 

In this chapter, I discuss patterns across the three cases as they relate to Windschitl’s 

(2002) negotiation of dilemmas framework. In doing so, I examine the pedagogical, conceptual, 

political, and cultural dilemmas that were apparent during my study. While synthesizing these 

cases, I place them in context of the teaching of evolution literature, as originally discussed in 

chapter two. Before analyzing these cases further, and to set the stage for the remainder of the 

discussion, I will briefly review the background of each teacher and the contexts in which they 

teach.  

Table one summarizes the backgrounds of the three teachers and student 

demographics/school context of each. Jane is a high school biology teacher and science 

department chair in a Title I rural school, and is certified in several content areas. Teaching is her 

second career, as she initially worked in the field of social work. Although she has been teaching 

for several years, only recently has she started teaching biology. Alternatively, Ben and Diane, 

both relatively novice teachers in a Title I urban school, have degrees and certifications in 

biology. Both have taught biology for two years; Ben also teaches higher level AP classes, and 

Diane initially started her science teaching career with only environmental sciences classes. 

However, neither teacher has taught content other than science.  
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 Jane Ben Diane 

Background -BS Community Health 

-MS Elementary 

Education 

-Certified in Special 

Education, Secondary 

Education, History, 

Geography, General 

Science and Biology 

-Social Worker 

-BS Molecular 

Biology (with Honors) 

-MS Ecology & 

Evolutionary Biology 

-Certified in Biology 

-BS 

Biology/Certification 

to Teach Biology; BA 

in Painting  

Teaching 

Experience 

-10 years (4 Years 

Biology) 

-2 Years (General and 

AP Biology) 

-3 Years (2 Years 

Biology) 

School/Student 

Context 

-Rural 

-Title I 

-62% White; 30% 

Hispanic 

-Latter-Day Saints (LDS 

or Mormon) Religion 

Prevalent Among 

Students 

-Urban 

-Title I 

-57% Hispanic; 37% 

White 

-Urban 

-Title I 

-57% Hispanic; 37% 

White  

Table 1. Background of Teachers and School/Community Context 

An Analysis of Pedagogical Dilemmas 

 Windschitl (2002) originally described pedagogical dilemmas as the teachers’ approaches 

(and the demands therein) to designing learning experiences and curriculum, which can include 

assessments. These dilemmas also take into account the teachers’ management of classroom 

discussions and student collaborative work. In this section, I will apply these concepts as they 

relate to pedagogical dilemmas in the three cases in this study with one exception – I will include 

assessments in a later section of this chapter. Additionally, I will show how all three teachers’ 

pedagogy did not shift when teaching evolution, with the exception of Jane’s discourse with her 

students during her unit, and Ben’s brief introduction to the evolution unit. These pedagogical 

approaches will be compared and contrasted to the current literature on teaching evolution. 

 In this study, I included observations of the teachers’ genetics units to determine if they 

changed their pedagogy when teaching evolution. These observations, along with supporting 
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interviews, informal discussions with all three teachers, and artifacts, backed my findings that all 

used similar techniques when teaching evolution versus other units in the biology curriculum. 

For example, Diane started all of her classes with bell work where she allowed for ample student 

discussion, and therefore scaffolding of student knowledge in both units. Ben also started all of 

his classes, despite the content, with bell work and student discussions, which included 

opportunities for student questions. He included humor and examples relevant to teenagers’ lives 

in both of his units as well. However, two minor differences between Ben’s units included his 

passion for evolution, and the way he introduced this unit by distinguishing between science and 

religion. And although Jane used similar pedagogical approaches during both her genetics and 

evolution units, I will discuss how one aspect of her discourse with students changed only during 

the latter unit.  

The lack of pedagogical changes between units among my teachers is in direct contrast to 

the findings in Golston and Kyzer’s (2009) study, which showed that biology teachers changed 

their pedagogy when teaching a non-controversial topic (photosynthesis) versus evolution. 

Teachers shifted how they taught by using the textbook for legitimacy and as a buffer from 

conflict from outside sources, only when teaching evolution. Interestingly, in my study, most of 

Jane’s pedagogy did not shift between units as she often showed videos, and relied heavily on 

the textbook for both her units. She used the textbook for daily student work along with 

worksheets, or when students had questions. In this sense, she relied heavily on the text, similar 

to teachers in Goldston and Kyzer’s (2009) study, but she did so in both content areas. This 

reliance on the text across units, however, was likely due to her lack of biology content 

background, as she had only taken one biology course in college.  
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Jane’s ‘Selective’ Approach 

Similar to Goldston and Kyzer’s (2009) study, Griffith and Brem (2004) showed that 

some science teachers in Arizona changed their pedagogy when teaching evolution. In the latter 

study, the authors labeled these specific biology teachers as ‘selective.’ These teachers avoided 

difficult topics, (and thus avoided the controversy), by not teaching human evolution, similar to 

the teachers in Berkman and Plutzer’s work (2010; 2012). They also reduced the chance of 

student input during the evolution unit by not allowing for much student talk (Griffith & Brem, 

2004). In my study, although Jane’s general pedagogy did not shift much between units, she 

employed controversy avoidance strategies only during her evolution unit, similar to Griffith and 

Brem’s (2004) ‘selective’ teachers. In an interview, Jane specifically stated that she kept 

evolution “paced and factual” to prevent any student from arguing – this was supported by my 

observations of her unit. Additionally, she was clearly uncomfortable including human evolution 

in her unit, which she thought might cause a ‘stir’ among her LDS students who were “likely 

creationists.” These pedagogical strategies, similar to that of the ‘selective’ teachers, were a 

result of the following issues – Jane’s perceptions of her students; her lack of comfort with 

evolution specifically (this unit was one she felt “least comfortable teaching”); and her general 

unfamiliarity with the biology content (evidenced by her lack of background in this content and 

inexperience teaching it).  

Ben’s ‘Scientist’ Approach 

Although Ben’s pedagogy did not shift between units more generally, his interviews and 

observations clearly showed he was more passionate about evolution than other topics he 

covered in class, such as genetics. This was evident in his pedagogy from day one of his 

evolution unit when he told the students how excited he was to start the topic, and his conveyed 

passion in discussing his goal for the students – to view the natural world through the eyes of 
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evolution. Ben’s approach to teaching evolution aligned with several identifiers of Griffith and 

Brem’s (2004) ‘scientist teachers’ – individuals with a love of science who felt that evolution 

was an essential component of science education. These teachers also did not exhibit any internal 

stressors – this is in direct contrast to one of my major findings of Ben’s evolution unit. He 

clearly struggled internally to manage his in-depth knowledge of and passion for evolution, along 

with expectations of his students. As a result, this unique internal struggle made the teaching of 

evolution quite difficult for him, a finding not often found in the evolution education literature.  

Griffith and Brem’s (2004) ‘scientist’ teachers also exhibited external stressors - they 

feared others would prevent them from teaching evolution and dealt with this dilemma by clearly 

delineating between science and religion, and using precise scientific language in class. Although 

Ben included two similar pedagogical approaches, his reasoning was not due to any external 

stressors. He was unconcerned that others (parents, administrators, etc.) would stop his teaching 

of evolution. In fact, he felt extremely supported by his administration to teach evolution - to not 

teach it would be frowned upon. Despite this, Ben’s pedagogy, as seen on his first day of class, 

and no time thereafter, of frontloading the issues of science and religion, (and by discussing their 

differences), was a similar approach to Griffith and Brem’s (2004) ‘scientist’ teachers. However, 

Ben’s reason for discussing the science and religion issues upfront was to ‘get them out of the 

way.’ He was aware of the social controversy, and indirectly made it clear that the students 

should not discuss these ideas at any other time during the unit. Additionally, Ben’s use of 

precise scientific language throughout evolution and genetics, was most likely due to his in-depth 

knowledge of biology that stemmed from both undergraduate and graduate degrees in the content 

area, including research experience.  
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Diane’s Pedagogical Approach of Dispelling Myths 

 As aforementioned, Diane’s pedagogy was quite similar during her genetics and 

evolution units. In both units, she was clearly comfortable with the topics and allowed for co-

construction of knowledge with her students during most classes. As such, there was nothing 

apparent during evolution that caused discomfort or reason for her to change how she taught 

during this unit, as compared to genetics. It was clear from my interactions with Diane that she 

thoroughly enjoyed the topic of evolution, referencing her focus on evolution and ecology during 

her undergraduate work in biology.  

Diane’s unique approach to teaching is seldom seen in the literature. Her main goal for 

the evolution unit was to get her students to dispel myths and misconceptions about evolution. 

Interestingly, research has shown that teachers inadvertently introduce these misconceptions 

themselves (Sinatra, Brem & Evans 2008; Smith, 2010), rather than take the approach of 

correcting/discussing them upfront, as Diane did. While teachers have been known to assign 

purpose to organisms, Diane made certain to correct students if they used such language. 

Additionally, as Andersson and Wallin (2006) showed, terms such as ‘adaptation’ and ‘fitness’ 

can confuse students and lead to further misconceptions if not explained properly. These terms 

were two of the main focal points when Diane discussed colloquial versus scientific use of words 

during the evolution unit. As a result, Diane’s discussion of these concepts upfront and 

correcting students’ misuse of these terms should help prevent the perpetuation of such 

misconceptions.  

An Analysis of Conceptual Dilemmas 

 In the following section, I will address the conceptual dilemmas across the three cases in 

my study. Windschitl (2002) originally described these dilemmas as relating to the teachers’ 

understanding of the concepts at hand. Alternatively, in my study, I view conceptual dilemmas as 
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primarily connected to the ideas taught by the teacher during his/her evolution unit. This is 

important to address due to the breadth of literature showing the selectiveness of teachers when 

determining what to teach about evolution. Ultimately, though, it is possible that the concepts 

taught were partially a result of how well the teacher comprehends them. I will also show how 

the concepts taught during evolution across most of the cases were in alignment with research 

that showed an emphasis on microevolution. However, the reasons for including or excluding 

particular topics varied depending on the teacher and contrasted with the teaching of evolution 

literature. Similar to the pedagogical issues noted above, conceptual dilemmas between the 

teachers were of a complex nature and became elucidated through my in-depth case study 

approach.  

In the current study, all three teachers covered different topics within evolution, and 

therefore, had different emphases within the unit. Additionally, evolution had always been a 

distinct unit of each teacher’s biology curriculum in the years prior to my research (as discovered 

through interviews and informal discussions), which shows that it is a normal part of each 

school’s biology curriculum. At no time during my research were non-scientific ideologies such 

as creationism or intelligent design introduced in class; rather, the focus was always on the 

science of evolution. My findings are thus in direct contrast to previous work showing how 

evolution is often omitted altogether from the biology curriculum. Additionally, teachers 

frequently intertwine non-scientific ideas, such as creationism or intelligent design, in with the 

evolution unit (Berkman & Plutzer, 2010; Moore, 2000; Moore, 2007; Rutledge & Warden, 

2000).  

Emphasis on Microevolution - Jane and Diane  

 Although evolution was a distinct unit for all of the teachers in my study (despite each 

unit lasting different lengths of time), the specific concepts covered varied by teacher. Despite 
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this, the focus of Jane and Diane’s units was primarily on microevolution rather than 

macroevolution; this is in alignment with research showing teachers’ emphasis on evolution at 

the species level, rather than above it (Berkman & Plutzer, 2012; Catley, 2006; Smith, 2010). 

Often, only microevolutionary concepts are taught (such as antibiotic resistance, variation within 

species, etc.) because they are less ‘personal’ to the students than macroevolutionary concepts 

such as speciation. Jane clearly focused on within species concepts as she emphasized Darwin 

and natural selection during her unit. So much of the content within the videos and worksheets 

focused on Darwin’s journey, that it felt repetitive at times. Catley (2006) determined that much 

of what we see in biology classrooms during evolution is quite limited in scope, similar to Jane’s 

classroom. While Catley (2006) found that evolution is synonymous with natural selection, I 

would equate Jane’s unit to Darwin and natural selection. Jane excluded concepts relating to 

deep time or the history of the Earth, which Catley (2006) showed as concepts omitted often 

from evolution units. Rutledge and Warden (2000) found concepts relating to deep time as more 

difficult for teachers to understand themselves. Jane’s lack of biological sciences background 

may have at least partially prompted the omission of these concepts. This exclusion shows how 

her lack of conceptual understanding may have affected the lesson content as well.  

The content Jane chose to exclude from her unit was another example of how she avoided 

potential controversy. Smith (2010) noted that teaching how new species arise from older ones, 

especially as they relate to Hominids, can be difficult to teach in an environment with 

‘antievolutionists.’ Jane taught in an environment where many of the students and their families 

were “likely creationists.” Although I explore community context later in this chapter, the 

potential controversy that could arise as a result of introducing ideas relating to speciation 

affected her content choice during her unit.  Additionally, Jane’s own limited knowledge and 

lack of comfort with evolution (which likely meant she had inadequate comprehension of more 
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complex topics such as speciation), were the primary basis for the content in her unit. As I will 

discuss in further along in this chapter, it was also important for Jane’s content to be aligned with 

standards due to administrative/testing pressures at her school.  

Similarly, the content for most of Diane’s evolution unit was based in microevolution; 

however, the reasons for this focus and the aspects of microevolution she covered were different 

from that of Jane.  Diane’s emphasis was on genetic (allele) changes in species over generations 

during her evolution unit, which was evident in the labs (Breeding Bunnies lab), the bell work 

and other in-class work. However, different circumstances were in place with Diane – this was 

her second year teaching biology, and as she recognized, she focused primarily on curriculum 

development for her environmental science class. She also relied heavily on her mentor for 

content and pedagogy due to her prioritization on another course.  

Although Diane’s emphasis on microevolution could be deemed ‘limited in scope,’ 

similar to Catley’s (2006) findings, it directly contrasts to other research in the field. Diane noted 

in an interview how phylogenetics was a topic she felt the most comfortable teaching – as noted 

above, many biology teachers do not include this topic in their unit since it falls within the 

macroevolution scope (Catley, 2006; Smith, 2010). Despite her obvious excitement for including 

this topic, Diane excluded concepts relating to it during her evolution unit. She stated that “time” 

was the primary restriction. As such, lack of comfort with, or an inadequate conceptual 

background, were not reasons for excluding phylogenetics. Additionally, unlike Jane, Diane did 

not appear to be dealing with any controversy with teaching evolution at her school. As a result, 

there was no indication during my study that Diane employed pedagogy (excluding particular 

topics, for example) to avoid any type of controversy, since it was not a dilemma for her.  
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Ben’s Diversity of Topics  

 Recall that Ben and Diane taught the same biology course at the same high school. 

Additionally, this was the second year they both taught this course, and interestingly, both relied 

upon, to some degree, other biology teachers for what to teach (for Ben, this related to his 

original mentor teacher from his student teaching year; with Diane, this was in reference to an 

experienced biology teacher at the school). Despite these similarities, much of the content taught 

during evolution differed between the two teachers. Diane’s focus on microevolution concepts 

was different from Ben’s approach – he included a diversity of topics that were based both in 

micro- and macroevolution. This latter point contrasts to Catley’s (2006) findings that showed 

how most evolution units are limited in scope. Ben clearly placed importance in understanding 

both micro- and macroevolution in order to understand the entirety of evolution.  

Ben seemed apprehensive about including too many ideas relating to microevolution 

since it was very “tedious” and it “requires some math” (this was in reference to gene frequency 

calculations); his perceptions were that his students generally had low math abilities. As such, 

Ben shied away from teaching too much microevolution because it required particular skills that 

he felt many of his students lacked. However, literature shows that teachers will not teach 

particular concepts that they themselves do not understand (Berkman & Plutzer, 2012; Catley, 

2006; Smith, 2010). One of the concepts Rutledge and Warden (2000) showed as being quite 

difficult for teachers to understand related to genetic variability in natural selection. However, in 

Ben’s case, his decision to not include much microevolution was mainly based on perceptions of 

what his students could ‘handle.’ Ben’s background in evolutionary biology and the confidence 

he exhibited throughout the evolution unit with the content are evidence that his own conceptual 

misunderstanding of the topic was unrelated to his decisions.  
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  Within the diversity of topics Ben covered during his evolution unit, he stressed ideas 

relating to macroevolution. For example, he deemed the ‘types of evolution’ a “keystone” lesson 

for the unit since it shows students how organisms become different from one another. This idea, 

along with the infusion of other macroevolution concepts, such as the Hominid evolution lesson, 

and discussions around the idea of common ancestry, showed Ben’s comfort with these topics. 

He even discussed the ‘types of evolution’ lesson as one topic within evolution he felt most 

comfortable teaching. One concept Ben excluded related to geologic time, which he did mainly 

because he felt it did not “fit” in with the evolution unit. At no time did he state any 

apprehension to teach this concept because of a lack of background knowledge. Clearly, Smith’s 

(2010) idea that macroevolution topics, such as speciation, were too complex to teach, was not 

an issue for Ben. Alternatively, Ben felt that the basis of some microevolution concepts may be 

too difficult for the students to handle, which again, was not a reflection of his own 

comprehension of the topic.  

An Analysis of Political Dilemmas 

 In this section, I discuss how the political dilemmas at each school affected each of the 

teachers in my study. Windschitl (2002) originally described political dilemmas in the context of 

how teachers confront stakeholder resistance in the school community. This involves teachers 

negotiating with authorities (principals, etc.) and others to support what they want to teach.  The 

issues of standardized curriculum and teaching as a result of policymaker decisions (at local and 

national levels) are also important to consider.  This is evident in school board policies, 

state/district/national standards, and local school curriculum maps. The political issues at each of 

the schools in my study differed substantially. I will discuss how this resulted in varying degrees 

of autonomy between the teachers, and how each teacher negotiated these dilemmas differently. 
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The Influential Political Presence at Jane’s School 

A significant component of the dilemmas Jane faced during her teaching of biology, in 

general, and more specifically during the evolution unit, related to political issues. It was clear 

from my interactions with her that most of these were unwelcomed since they reduced her 

autonomy as a teacher.  Although vocal parental push-back to evolution was not much of a 

problem for Jane, the administration had a significant influence on many aspects of her teaching. 

This included required weekly ‘data’ meetings, a mandatory curriculum map, the documentation 

of standards she used daily, and thus, the tests that were ultimately aligned with these standards. 

As she noted, the “standards and tests definitely drive content taught.”  

Although I would argue that Jane was somewhat in control of the standards, since she and 

other teachers originally ‘picked’ the ones she deemed most important to teach, and consequently 

became the ‘Essential Questions’ and ‘Big Ideas’ for her lessons, the initial requirement of 

reducing these standards to those she would teach, was not her choice. Jane also discussed how 

in evolution and other units the standards limited the content she was allowed to teach. This 

finding is similar to Donnelly and Boone’s (2007) study that showed how teachers found their 

evolution standards limited in depth. Ultimately, though, Jane used the standards to justify 

teaching different content in biology, including evolution, to the administration, which is similar 

to other teachers’ use of standards nationwide (Donnelly & Boone, 2007; Fowler & Meisels, 

2010). The administration required Jane to provide a list of these standards, Essential Questions, 

and Big Ideas at the beginning of the year - the latter two were always posted on her front board 

solely for administration purposes.  

As noted above, several mandatory tests were an important part of Jane’s curriculum. She 

administered both an evolution mid-term and the Performance Based Pay (PBP) test to her 

students during my research project. She was careful to focus her evolution lessons on topics that 
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would not only be in the standards, but also on the tests - the latter test (PBP) was especially 

important to Jane since it would result in extra pay if her students did well. Her careful exclusion 

of particular topics from in-class lessons (such as cladograms and Hardy-Weinberg) were largely 

a result of the content in the standards and thus, the test questions. Goldston and Kyzer’s (2009) 

study also found that topics covered during evolution were limited to questions asked on 

mandatory tests.  

Jane carefully excluded human evolution for a variety of reasons, one of which related to 

the lack of standards covering this topic. As Berkman and Plutzer (2012) showed, human 

evolution is lacking from most state’s standards including Arizona’s standards, which were the 

basis of Jane’s lessons. If this topic is not in the standards, then teachers such as Jane could 

evoke the standards, and thus, lack of questions on the test, as a reason to not teach this content. 

This is yet another controversy avoidance approach many teachers, including Jane, engage in 

when teaching evolution. Unfortunately, this approach results in the continual undermining of 

understanding the science behind evolution, since only certain concepts are taught due to a test.  

Few Political Pressures at Ben and Diane’s School 

The political issues observed at Ben and Diane’s urban school were in direct contrast to 

those at Jane’s rural school. I argue that political issues had little effect on both Ben and Diane’s 

teaching, compared to other dilemmas in this chapter (other than the administration of the 

Arizona Merit State test, which caused a brief interruption to their teaching during the evolution 

unit). Ultimately, this lack of administrative micromanagement provided both teachers with 

greater autonomy than Jane had at her school.  

In contrast to Donnelly and Boone’s (2007) study showing how high school biology 

teachers used standards to help plan evolution lessons, neither Ben nor Diane regularly used 

standards in their biology course. Ben did not have any standards written on the board, nor were 
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they written on any artifacts for either genetics or evolution units. I had to probe his views on 

standards by asking specific questions in interviews since he did not mention them in class or 

during informal discussions. It was clear that Ben felt that the Arizona State Standards were 

obsolete; although the newer Next Generation Science Standards (NGSS) were moving in the 

direction of how he teaches, he did not directly incorporate them into his lessons. Spending time 

aligning standards with lessons was not something Ben wanted to do, and since he had a lot of 

autonomy at his school, he chose not to do so. Similarly, Diane clearly thought the NGSS 

represented the direction in which science teaching should move, and her administration 

supported this idea; but again, she chose not to use them to create lessons. Only once did they 

appear in artifacts from evolution lessons, but this was merely a box checking exercise for her. 

And although studies have shown many biology teachers justify the teaching of evolution to 

administration, more specifically, by evoking standards (Donnelly & Boone, 2007; Fowler & 

Meisels, 2010), there was no need to do so in Diane and Ben’s school. The administration 

supported the teaching of evolution, and if the teachers did not teach it (according to Ben and 

Diane), that decision would cause an issue.  

There was also a lack of administrative pressure at Ben and Diane’s school to teach 

content that was on a specific standardized test in the biology courses. Neither teacher spoke 

much about tests since the students did not have to pass the state science test (Arizona Instrument 

to Measure Standards, or AIMS), as the test results did not affect the students’ grades or 

graduation, and had no impact on teacher evaluations. The lack of pressure Ben and Diane felt to 

teach specific content within evolution is in direct contrast to the evolution education literature, 

which asserts that many teachers only teach content for the sole purpose of passing state tests 

(Berkman & Plutzer, 2012; Goldston & Kyzer, 2009). This is a controversy avoidance strategy 

commonly seen during evolution, as shown in Jane’s case. This lack of pressure to include 
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standards or teach to a test at the urban school resulted in greater autonomy that both teachers 

enthusiastically supported during my project. Not being micromanaged is “wonderful” according 

to Diane, and it allowed her and Ben to teach what they wanted to teach, and how they wanted to 

teach. This was evident from the many pedagogical and conceptual differences between the two 

teachers during both of their units.  

 The only administrative directive that impacted both Diane and Ben’s unit, with more of 

negative impact on the former, was the last-minute decision by the administration to issue a new 

state standardized test called the Arizona Merit. Although both teachers took time away from 

their ‘official’ evolution units during testing, Ben used it as a positive time to apply evolution 

concepts. However, Diane appeared more frustrated by the situation, and leaned on her mentor, 

(as she did at many other times during her teaching), to help devise a plan for this testing 

window. She even mentioned how this was one of the issues that had the most negative impact 

on her evolution unit. Although both Ben and Diane taught biology, and therefore, evolution, for 

the second year, Ben’s comfort and background with the topic may have resulted in the 

difference in how they felt this last-minute directive affected their units.  

An Analysis of Cultural Dilemmas  

 In the following section, I discuss the cultural dilemmas the teachers negotiated during 

their evolution units. Windschitl (2002) originally described cultural dilemmas as issues teachers 

face when managing students’ beliefs, and whether (and how) they build on students’ local 

knowledge. Within these dilemmas is how teachers deal with the potential disjuncture between 

school culture and the lives of their students. The students at the two different schools in this 

study came from distinct backgrounds – the rural school had a large population of White, Latter-

Day Saints (LDS, or Mormon) students, while the urban school was primarily Mexican/Mexican 

American – two populations never studied in the context of evolution education. Most evolution 
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research has primarily focused on fundamentalist Protestant Christian communities, and the role 

of resistance inherent to them (Goldson & Kyzer, 2009; Larson, 2006; Long, 2012; Meadows, 

Doster, & Jackson, 2000; Scott, 2009; Smith, 2010). As I discuss below, the differences in 

cultural context resulted in the teachers at each school approaching issues in varying ways. 

Within the urban school, the two teachers with similar student demographics approached cultural 

issues using distinct methods. As such, my research broadens the knowledge of how cultural 

context can affect teachers’ evolution units.  

Jane’s Unique Mormon Community Context 

 Lemke’s (2000) work on sociocultural theory in science education showed how students’ 

interest in learning certain concepts are based on contextual issues such as community beliefs, 

and the potential consequences for learning this material. In chapter two, I argued that this ‘buy 

in’ can also be applied to teachers. As I discuss below, the case of Jane showed evidence of how 

the community where she lived and worked for over a decade, which had a large population of 

LDS students, affected several decisions relating to her evolution unit. How she negotiated 

pedagogical issues related to this unit were primarily based on her perceptions of her students’ 

beliefs and potential consequences of teaching content that may conflict with these strongly held 

ideas.  

 Jane’s perception of her students as “pretty heavy into creationism,” was confirmed as 

accurate by the LDS expert in my study. As the expert noted, despite lack of an official church 

position on evolution (Evenson & Jeffery, 2005), LDS students in more rural areas were likely 

creationists. Followers of the LDS faith believe in four major creation stories, which is unique to 

this religion. However, one of these creation stories originates from Genesis which states that 

God created man and woman on the sixth day. Fundamentalist Protestant Christians, who have 

historically voiced resistance to evolution, also interpret this same story literally (Baker, 2006).  
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Despite the students’ beliefs, Jane noted that her LDS students were some of her best 

academically – they did well in class, and rarely voiced resistance to evolution. Long’s (2012) 

ethnographic work on understanding other denominations of Christians whom he deemed 

‘creationists’ showed that these students felt marginalized and anxious in biology class during 

evolution – despite this, they still sat in class and did well, academically. Although there is no 

way to know if Jane’s students felt a similar way because of my focus on the teachers, they did 

not appear pedagogically challenged, similar to Long’s (2012) students. However, according to 

Jane, students’ lack of vocal resistance in class, despite potentially disagreeing with the evolution 

content, was due to their upbringing and teachings to respect authority.  

 Long (2012) also found that both pre-service and in-service biology teachers did not want 

to teach evolution in much depth due to potential conflict with religious students. Additionally, 

pre-service teachers made this decision so they would not offend any students. In this vein, Jane 

made several pedagogical and conceptual decisions that were at least partially a result of the 

perceptions of her students’ beliefs as creationists. For example, her conceptual focus on 

microevolution, with a clear emphasis on Darwin and natural selection, prevented her from 

diving into ideas that could be deemed more personal to her particular students. Jane chose not to 

teach human evolution, and even chose not to review a video specifically on this topic. When I 

asked how she would decide whether or not to include this video in the future, she wanted to 

ensure it was “not anti-creationism” because she did not want to “offend her students.” However, 

at no time did she engage in conversations with students regarding their beliefs, as she clearly 

understood that it was “illegal” to teach creationism.   

 Jane’s overall approach to evolution was one that clearly took into account community 

religiosity. On multiple occasions, she acknowledged that many individuals in her community 

believe that “teaching evolution interferes with their religious beliefs,” and cited the possibility 
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of a community member becoming her boss one day. These contextual factors, along with her 

own upbringing, (which included being taught creationism in school for several years,) affected 

her overall views on issues of religion and science. When she discussed how she dealt with a 

resistant student outside of class, Jane’s response to the student highlighted her own view of 

evolution and religion as complimentary. She mentioned evolution as “marrying” with 

creationism and how they can be “unified.” Jane’s conception of the relationship between 

science and religion align with Barbour’s (2000) idea of integration. In his description of four 

different ways of viewing the religion and science issue, integration involves a partnership or 

intertwining of these two disciplines. Jane’s discussions during my research (outside of class 

time) implied an approach to evolution that could take into account a God, or theistic evolution 

(Scott, 2009). These views, in addition to her perceptions of community context, affected her 

approach to the evolution unit during my study.  

The Urban Cultural Context 

Ben and Diane taught the same course (General Biology) at a Title I urban school with 

primarily Mexican/Mexican-American students. As I discuss below, there was little 

acknowledgement of cultural issues, more generally, by either teacher during my project. 

Although both teachers and students bring beliefs and ideas into the classroom that are impacted 

by culture and context (Evans, 2008), neither teacher outwardly acknowledged much about their 

own religiosity/cultural upbringing or practices, and that of their students, during this study. 

Additionally, Ben and Diane differed in how they included issues of student background and 

culture, and other contextual factors into their lessons. These two cases directly contrast to 

Jane’s, whose perception of community religiosity and her own beliefs clearly had a significant 

impact on her evolution unit.  
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Ben’s lessons primarily included connections to his perceptions of students’ knowledge 

of biology, and their lives as teenagers. He regularly integrated humor and examples that linked 

back to his students’ interests (e.g. including video games, musicians, etc.). In this sense, he 

attempted to leverage students’ funds of knowledge (Moll, Amanti, Neff, & Gonzalez, 1992), 

and specifically connected to their knowledge of popular culture (Moje et al. 2005).  He also 

viewed his students’ prior knowledge as low when it came to their mathematical abilities, which 

consequently affected his pedagogy. Despite the majority of his students being Latino/a, when I 

asked him to describe his students during interviews, never once did he mention this cultural 

identity. Rather, when he initially discussed student demographics, he described them based on 

the two groups at his school - he distinguished them based on differences in parent involvement, 

affluence, and proximity of their homes to the school.  

 Ben never discussed his own religious upbringing, and only once did he reference his 

perception of his students’ religion. He speculated that individuals in his class were taught not to 

believe in evolution, but he provided little evidence of this being the case. However, Ben was 

clearly aware of the social controversy surrounding evolution, and therefore frontloaded the 

‘issues’ on the first day of the unit to get this conversation out of the way. His discussion with 

students included his awareness of a potential conflict between “strongly held beliefs” and 

evolution. However, he clearly delineated between science and religion, and how students had to 

learn evolution “for the test.” This latter point of invoking the test is a general controversy 

avoidance strategy that undermines the science of evolution (Berkman & Plutzer, 2012). 

However, I would argue that he was not attempting to undermine science at all – most of the 

themes from this study relate back to Ben’s passion for evolution, and the importance he placed 

upon his students’ viewing all things in the natural world through the eyes of evolution. As a 

result, this brief discussion was meant to keep the focus on the science during the unit, as Ben 
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appeared uncomfortable discussing the science/religion issue on this day.  The remainder of his 

unit focused solely on the scientific content, and the central role of evolution as a powerful 

scientific explanation, which has been a recommended approach by others in this field of 

research (as opposed to engaging in conversations about ‘beliefs’) (Meadows, Doster & Jackson, 

2000; Smith, 2010).  

 In this same conversation with his students on the first day of the evolution unit, Ben’s 

own views of science and religion became clearer. He compartmentalized these two concepts as 

one not being ‘superior’ to another, but rather, just different. This view is similar to Barbour’s 

(2000) view of science and religion as ‘independent’ from one another. They can coexist but they 

must “keep a safe distance from one another,” (Barbour, 2000, p. 2).  And since this was science 

class, the focus of the unit would be on the science of evolution. Ben’s attempt to tell the 

students to not “worry” about any potential issues and just “learn” it, was a way of informing his 

students that they need to “see through the eyes of the course instructor, rather than seeing eye to 

eye with him,” (Smith, 2010). Ben was likely aware that some of his students may not value 

evolution and science the way he does, but either way, it was their job in class to learn the 

content.  

In contrast to Ben, Diane briefly acknowledged her own religious upbringing during an 

interview, and never discussed the science/religion issue in class. She attended a Catholic high 

school where evolution was part of the curriculum. This is not surprising since the Catholic 

Church has not recently voiced a conflict between evolution and faith (Miller, Scott, & Okamoto, 

2006), and recent statements by Pope Francis restated these ideas of acceptance (U.S News and 

World Report, 2014). However, in contrast to Ben, Diane mentioned, albeit briefly, that there 

was a “really big Hispanic population” at her school, thereby acknowledging their cultural 

background. Furthermore, she talked about the students in context of their difficult home lives, 
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and the perception of their parents as potentially having ‘issues.’ Despite this, Diane did not 

connect to the cultural background of the students, whether it related to their Latino/a culture, or 

religiosity, during any of her evolution lessons. By excluding any connection to the everyday 

lives of students in any way (e.g. through family, popular culture, or other knowledges, as Ben 

did), Diane did not leverage their funds of knowledge during class.  

Although Diane did not acknowledge students’ local knowledge during her lessons, and 

therefore their cultural heritage, she regularly built on their prior knowledge of biology during 

classes. This was her primary means of connecting to students during her lessons. One 

assumption Diane made about her students is that they come to class with misconceptions about 

evolution, and her goal for the unit was to help them dispel these myths. There is ample research 

showing students come to high school biology classes with misconceptions about evolution, such 

as those relating to adaptations (Clough & Wood-Robinson, 1985) and natural selection 

(Demastes, Settlage, & Good, 1995), many of which hinder their learning of evolution. As such, 

Diane’s goal for the unit was important for student learning, given the vast number of 

misconceptions students hold about this topic. However, Diane clearly stated that all students, 

despite their socioeconomic status, come to class with misconceptions. This blanket statement, 

however, does not individualize students from different cultural upbringings, and therefore, 

varying beliefs, which could result in different misconceptions/views of evolution.  

Discussion 

 In the analysis above, I showed how an in-depth case study approach revealed 

complexities in the teaching of evolution. There are multiple interrelated factors across 

pedagogical, conceptual, cultural, and political boundaries that affected the three teachers’ units 

on the topic. Although previous studies using surveys and interviews have touched upon some of 

these dilemmas (Berkman & Plutzer 2010; Donnelly & Boone, 2007; Fowler & Meisels, 2010; 
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Rutledge & Mitchell, 2002; Rutledge & Warden, 2000; Trani, 2004), my approach provided a 

novel view of the supports and constraints that are at work during this unit. Examining this issue 

from a wider, sociocultural lens provided evidence of the contextual factors that affected these 

teachers’ units. In the final section of this chapter, I will further discuss my contributions to the 

field of evolution education by examining how my results both support and complicate our 

current knowledge.  

Findings that Support Current Literature 

 In my analysis of the conceptual focus of the teachers’ units, both Diane and Jane’s 

findings support the survey and interview-based literature showing how teachers regularly focus 

on microevolution during their units (Berkman & Pluzter, 2012; Catley, 2006; Smith, 2010). 

However, my in-depth study underscored the nuances of their units, which ultimately showed 

highly individual conceptual foci that cannot solely be reduced to a focus on micro- over 

macroevolution. Diane’s distinct focus on the genetic basis of microevolution (and addressing 

misconceptions) was in stark contrast to Jane’s emphasis on Darwin and natural selection. This 

ultimately resulted in students at two different schools learning evolution from distinct angles, 

despite the microevolution focus of both.  

 My research showed how controversy avoidance tactics common in the evolution 

education literature (Berkman & Plutzer 2010; 2012; Goldston & Kyzer, 2009; Griffith & Brem, 

2004), were present at both schools as well. Jane’s careful decisions to focus on Darwin and 

natural selection throughout her unit, and to exclude human evolution, (partly due to her 

perceptions of community religiosity and beliefs), was a blatant attempt to avoid any type of 

controversy. It can also be deduced that Ben - despite his pedagogy and content focus as being 

quite distinct from Jane’s - infused an avoidance tactic during his unit, albeit briefly. His 

decision to justify learning about evolution by evoking a test is a common strategy seen in the 
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literature (Berkman & Plutzer 2010; 2012; Goldston & Kyzer, 2009; Griffith & Brem, 2004). 

However, after a careful examination of the remainder of Ben’s lessons and interviews, his 

focus, unlike Jane’s, was not to avoid any type of controversy. His in-depth knowledge and 

support of evolution as sound science was a major reason for this. Although both teachers 

infused tactics described as controversy avoidance in the literature, I highlighted the 

individuality of each teacher’s approach to their evolution units (as a result of my examining 

multiple lines of data). I therefore allowed more of the teachers’ voices to become apparent, 

which ultimately resulted in two extremely different cases and thus, approaches to evolution.  

 One additional area where my findings were clearly supported by previous literature was 

in the realm of political pressures. Abundant research shows pressures from administrators and 

others to teach evolution concepts that are tested or are in state standards (Berkman & Plutzer, 

2012; Goldston & Kyzer 2009). One of the major differences between the two school sites in this 

study were the numerous administration directives placed upon Jane, and the lack thereof at Ben 

and Diane’s school. This blatant difference resulted in very different classroom environments – 

one in which the students’ knowledge was based on facts that were clearly tested, and the other 

where students engaged in content that varied depending on the teacher (I will discuss the 

differences between the teachers in the following section). Ultimately, this research showed that 

when you couple heavy administrative pressures at a school like Jane’s, with a teacher who has 

little content background in the subject, along with a lack of confidence teaching evolution, this 

results in an evolution unit with a narrow focus that limits what students can learn about science.  

Findings that Complicate Current Knowledge  

 Although this research builds upon current knowledge of evolution education, a good 

portion of my results complicated our understanding of this field, including the pedagogical 

approaches used by teachers. Studies have shown that teachers clearly change their pedagogy 
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when teaching evolution versus other subjects in biology (Goldston & Kyzer, 2009; Griffith & 

Brem, 2004). In the former study, the shift in pedagogy (ex. using a textbook when one was 

never previously used) was one of the most obvious differences when teachers started their units 

on evolution. Other than Jane’s approach of keeping evolution “paced and factual” by preventing 

student questions, and Ben’s discussion about the differences between science and religion on 

the first day of class, along with his passion for evolution, all of the teachers’ approaches were 

similar between the genetics and evolution units. For example, Jane often relied on the textbook 

during both of her units, while Diane used PowerPoints and student discussions throughout as 

well.  

 Jane’s controversy avoidance tactic of preventing questions should not be minimized, as 

it affected students’ ability to scaffold their learning. However, her continual reliance on the 

textbook and frequent use of videos highlighted her lack of comfort and unfamiliarity with the 

biology content across units, as I mentioned above. These two factors underscore the effect that 

content knowledge can have on pedagogy in all units of science, and as a result, student 

knowledge. Contrast Jane to Ben and Diane who both professed confidence in their content 

knowledge of biology as a result of their educational foci in this area. Diane’s focus on 

misconceptions and allowing for ample student talk during both units showed she could manage 

the open-ended nature of students’ scientific questions. This approach allowed students to be 

wrong, build on their knowledge, and thus, broaden their understanding of science.  

Ben’s passion for evolution, which was apparent in his goal for his students and the 

internal struggles he felt only during this unit, could be viewed as a pedagogical difference 

between his genetics unit. Note that these internal dilemmas only became obvious after I bridged 

my observations with interviews, and allowed for Ben’s voice to come through in more depth. 

Unlike much of the literature that shows how teachers’ lack of content knowledge affects 
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pedagogy (Rutledge and Warden, 2000; Smith, 2010) as described with Jane’s case, this novel 

finding with Ben underscores the effect of struggles resulting from in-depth knowledge. 

However, Ben’s strong content background in biology, more generally, allowed him to use 

similar pedagogy in both genetics and evolution; this included ample student talk during all bell 

work assignments, and classroom discussions during PowerPoint lessons. In this way, he allowed 

for scaffolding of students’ learning, similar to Diane’s approach, which can ultimately result in 

students leaving class with content that goes beyond mere facts necessary for a test. 

Alternatively, it allows for an environment where higher level learning and dialogue is accepted 

and encouraged.  

My research also showed distinct differences and similarities between teachers at the 

same urban school. Goldston and Kyer’s (2009) work showed how two teachers at the same 

school both changed their pedagogy during evolution units, but their approaches were based on 

their perceptions of the community and culture of their school (one teacher who lived in the 

religious community where she taught decided not to teach evolution, while the other teacher 

who lived outside the community taught evolution, but primarily used the textbook). In contrast 

to that study, both Diane and Ben lived outside of the community where they taught, and their 

approaches to evolution were based on the lack of administrative pressures and their own view of 

what was deemed important for their units. My in-depth approach showed two teachers who had 

solid content knowledge and confidence in biology, but whose pedagogy and conceptual foci 

were quite distinct from one another. The state tests for science were not used in determining 

high school graduation or teacher performance, so Diane and Ben had more leeway to deviate 

from the content on these tests. They also both felt comfortable that the administration trusted 

them to make the best decisions for their individual classes. This flexible environment allowed 
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Diane to blend ideas from her mentor teacher with her own, and Ben to infuse his own ideas on 

what he thought his students were capable of learning.  

It can be argued that this autonomy could be detrimental for student learning if the 

teacher has little background in the subject, not much teaching experience, or perceives that 

evolution may not align with his/her students’ beliefs. For example, the teachers who taught at 

the same school in Goldston and Kyzer’s (2009) study had autonomy with regard to both content 

and pedagogy, but this resulted in one teacher not teaching evolution because of her own 

religious beliefs and perception of her students’ beliefs, while the other teacher included some 

evolution, but solely used the textbook. In contrast, when autonomy is given to teachers who do 

not perceive their students and/or community as being opposed to evolution, who are supporters 

of a sound scientific education, and have background in the content area, this results in two 

diverse approaches to evolution, as in Ben and Diane’s cases. Although their students learned 

about different components of evolution as a result of the teachers’ varying conceptual foci, the 

end result were teachers quite comfortable in their educational environment due to lack of 

pressure to teach to a test or standards.  

Summary 

In this chapter, I discussed how my findings concur with or complicate current research 

in evolution education. From my research on teachers in schools that are culturally and 

geographically distinct, it became clear that teachers do not always make pedagogical shifts 

during evolution, as compared to other units in biology. However, an individual teacher’s 

perceptions of students’ ideas, whether relating to content or culture (and whether accurate or 

not), can affect his/her teaching. These highly individualized cultural and pedagogical dilemmas 

are situated in context of political pressures (or lack thereof) which result in differing degrees of 

teacher autonomy. All of these intertwined dilemmas, and how a teacher negotiates them, result 
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in evolution units unique to the teacher.  I essentially highlighted these complexities as a result of 

my in-depth case study approach, where the teachers’ voices became crystalized through 

multiple lines of evidence. As Goldston and Kyzer (2009, p. 783) noted, “…if we interpret 

teachers’ practices by reducing them to only their beliefs and acceptance regarding evolution, we 

minimize the rich contexts and their entitlement as the voice of their situated practices.” As such, 

going beyond these approaches allowed me to further underscore the teachers’ individuality, and 

potential effects of their teaching on science education.  
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CHAPTER 8: CONCLUSIONS AND IMPLICATIONS 

In this chapter, I will provide a final conclusion to my dissertation research project. 

Before proceeding, I will revisit my initial research questions and summarize the study’s 

findings. I will then discuss the implications for further research in evolution education, and for 

educators who teach this content.  

Summary of Findings for Research Questions 

My study examined three different teachers in two culturally and geographically distinct 

school districts using a sociocultural approach. As such, my initial research questions were the 

following: 

2. How do high school biology teachers in two different communities in Arizona teach a unit 

on evolution? 

a. What, if any, dilemmas of practice arise for teachers during a unit on evolution? 

b. How do teachers negotiate the dilemmas during a unit on evolution? 

c. Do the stakeholders in the school community (principals, parents) influence 

teachers’ negotiation of these dilemmas of practice? If so, in what ways?  

The three teachers in my study had unique backgrounds in terms of their content knowledge and 

experiences teaching biology. These experiences, in addition to the context in which they taught, 

influenced the dilemmas they encountered and how they negotiated them. Jane’s approach to 

teaching evolution by focusing on microevolution (primarily Darwin and natural selection) was 

heavily influenced by her perceptions of her students’ beliefs, and the administrative directives at 

her rural school (e.g. aligning content with tests and standards, data meetings, etc.). Although her 

pedagogical approach to evolution was similar to the genetics unit, the discourse with her 

students was vastly different (not allowing for student questions/input). By not providing space 

for potential student disagreement, and by carefully aligning her content to test questions, Jane 
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prevented controversy during this unit; in doing so, she primarily took a controversy avoidance 

approach to her evolution unit, which was distinct from the other subject units. 

 In direct contrast were Ben and Diane’s approaches to evolution at their urban school. 

The autonomy they both clearly enjoyed, in addition to other factors, resulted in two distinct 

evolution units. Although Ben’s introduction to his evolution unit differentiated science and 

religion, and his sincere passion for the topic set it apart from genetics, the pedagogy between his 

units was similar. While he built on students’ funds of knowledge and regularly connected to 

students through humor, Ben’s perceptions of his students’ ability (or lack thereof) affected the 

content he taught during evolution. Ben’s clear internal struggle of managing the depth to which 

his students should learn evolution, was pervasive throughout the unit. He felt no external 

pressures to teach evolution a particular way based on tests or standards; in fact, it was just the 

opposite. By having the space to teach what and how he wanted, coupled with his in-depth 

knowledge and passion for evolution, allowed Ben to engage in discussions with his students 

about one of his favorite topics in all of biology – this included myriad aspects of evolution at 

both the macro and micro levels. 

 Just down the hall from Ben was Diane – a teacher with similar years of experience in the 

classroom, a background in biology, but prioritized the other class she taught, environmental 

science. Due to this latter circumstance, she relied heavily on a mentor teacher at her school for 

pedagogical insight, whether it related to lecture slides or labs Diane eventually taught during 

evolution. Despite this dependence on her mentor, Diane infused her own focus of dispelling 

myths or misconceptions about evolution throughout her units. She felt these ideas were not 

unique to her demographic of students; rather, they were ideas that all students likely held. As 

such, she viewed this focus as important no matter where she taught evolution. And although her 

conceptual focus was on the genetic basis of evolution, her coverage of topics related to 
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macroevolution was cut short only due to time constraints, not because she did not view these 

ideas as important. Similar to Ben, Diane allowed ample student discussions during both her 

units, and thoroughly enjoyed the atmosphere her administration provided at her school – one 

that did not pressure her to teach particular concepts during evolution or any other unit due to 

test or standard directives.  

Implications for Future Research 

In this study, I examined three teachers in two different school districts in the 

southwestern United States. In doing so, I highlighted further the complexities of teaching 

evolution in community contexts never previously studied. In this section of the chapter, I will 

propose areas where researchers can continue to explore in order to further broaden our 

understanding of evolution education. Due to the clarity that I gained by examining teachers 

through a case study approach, and because of the dearth of evolution education research that has 

used this method, I would encourage this approach in future studies.  

One of my major findings that was in direct contrast to much of the literature was how 

the pedagogy did not change much between units for all of my teachers (with the brief 

exceptions as noted above with Ben and Jane). Given this result across demographics, further 

case study research comparing teachers’ pedagogy in evolution versus other unstudied units not 

deemed socially controversial (ex. cells, ecology, etc.) in addition to genetics in a variety of 

cultural contexts nationwide, is crucial. Future studies using this method could explain teachers’ 

pedagogical dilemmas during evolution by providing further insight into how other topics in 

biology (and how they are taught) compare to evolution. These results could ultimately help 

school districts and teacher preparation programs better support teachers’ pedagogical needs 

during their evolution units.  
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My research uniquely contributed to the body of knowledge on evolution education 

because I drew attention to the issues teachers face in two communities never previously studied 

in this context – one with a large population of Latter-Day Saints (LDS, or Mormon) students, 

and the other with a majority Mexican/Mexican-American population. The findings from Jane’s 

instruction in a high school with LDS students showed that her perception of her students’ 

beliefs was a major factor that affected the concepts she taught and the lack of discourse she 

allowed her students to engage in during this unit. Since this is the only known study of a teacher 

in the context of an LDS community, future research could include case studies of other biology 

teachers in similar communities nationwide, especially on the west coast, where the majority of 

followers of the LDS faith reside. Although I acknowledge potential challenges in receiving 

Institutional Review Board (IRB) approval for the following, exploring LDS students’ views of 

evolution (e.g. through interviews or focus groups) would help clarify how LDS students may 

experience the teaching and learning of evolution in biology classrooms. With this information, 

teachers of LDS students could potentially make more informed and responsive teaching 

decisions. Including case studies of LDS teachers in communities with LDS students could also 

shed light on issues that may arise during evolution, which may not be apparent when a non-LDS 

teacher is in the classroom. Overall, these studies would help us broaden our understanding of 

the complexities of teaching in such a unique context.  

The cultural/religious context in Ben and Diane’s school appeared to have less of an 

influence on what both teachers taught about evolution as compared to Jane’s case. Although 

Ben viewed his students as likely very religious, there was no evidence of this religiosity during 

my study. Additionally, Diane did not mention the religiosity of her students at any time. Future 

studies that elicit discussions between biology teachers and students about their cultural practices 

(after class time) could illuminate how students in diverse classrooms engage with the teaching 



271 

 

of evolution. Such interviews and/or focus groups could result in mutual understandings that 

could potentially facilitate a culturally responsive context for teaching evolution. It is likely that 

issues relating to science and religion may arise, especially when the dialogue includes 

evolution. As such, I acknowledge the difficulty in managing such discussions, especially with 

respect to public schools. However, creating a comfortable forum where teachers and students 

can exchange ideas outside of class time could result in honest conversations that inform both 

parties, and help researchers understand the dilemmas teachers face in various cultural contexts.   

In both Diane and Ben’s cases, there was little outward acknowledgement of their 

students as Latino/a. Only once did Diane discuss this in context of the demographics of her 

students. There is a growing population of Latinos in the United States, and therefore, diversity 

in our classrooms, more generally. Further research in schools with similar demographics as the 

urban school in my study would help clarify cultural issues when teaching evolution (especially 

since this specific contextual issue did not affect Ben and Diane’s units). An analysis of case 

studies of teachers whose backgrounds are similar to the majority of their Latino students (e.g. 

Mexican American, in the case of this study) with respect to teaching evolution would provide 

greater knowledge of relationships between students’ cultural backgrounds and the teaching and 

learning of evolution.  

Diane’s main focus was on dispelling misconceptions, since she believed all students had 

these false preconceived ideas about evolution. Although there is vast literature on students’ and 

teachers’ misconceptions about evolution, future research on how students respond to instruction 

that focuses on dispelling misconceptions is important to consider. This type of research could 

help us understand how such a pedagogical approach affects students’ thinking about such 

concepts both in the short- and long-term. Since this is the only known case study of a high 

school biology teacher who purposefully addressed misconceptions throughout an evolution unit, 
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a larger in-depth study of more biology teachers should be considered. This would show Diane 

as unique in her approach, or among a cadre of others not yet studied who are trying to approach 

evolution in a similar way.  

 The literature base thus far has focused on teachers with moderate or low levels of a 

conceptual understanding of evolution. In my research study, the case of Ben showed how 

teachers with in-depth knowledge can have profound internal stressors – in his case, this related 

to the management of his students’ expectations. In conjunction were his beliefs that his students 

had low levels of mathematical and other knowledge, thereby affecting his evolution conceptual 

focus. Future research on other stressors biology teachers with in-depth content knowledge 

wrestle with would greatly contribute to the evolution education research (the latter of which 

tends to focus on teachers with limited understandings of content). Having a larger base of 

research on teachers at all levels of the conceptual spectrum will aid in the greater understanding 

of dilemmas teachers face nationwide.  

Implications for Practice 

The findings of this study show areas where in-service professional development (PD) of 

biology teachers should focus at the local and national level, with the ultimate goal of supporting 

all teachers in becoming effective educators of evolution. From my own personal experiences 

with participating in PD workshops on evolution on both the east and west coasts, I can attest to 

the lack of such opportunities for teachers nationwide. Those that I have attended include 

teachers with several years of experience who are already comfortable with the content, and self-

selected to attend these courses to broaden their already in-depth knowledge base. Additionally, 

many scholars have supported the increase in PD programs due to the wide-spread and complex 

nature of teaching evolution (Berkman & Plutzer, 2015; Pobiner, 2016; Wei, Beardsley, & 

Labov, 2012). It is crucial for these programs to be accessible to all teachers (Wei, Beardsley, & 
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Labov, 2012), including those in lower income districts, and those with a diversity of students 

with varied cultural and religious views.  

Future PD programs in evolution should include components that help the teacher 

become more comfortable and confident with teaching this content. If the teacher is more 

comfortable, he or she may be more likely to engage students in discussions and/or allow for 

students’ questions on the subject. Including content based information is important, but it 

should not be the entirety of the PD. This study showed that there are multiple interrelated 

factors that affect how evolution is taught. Coupling content (at all levels – from micro- to 

macroevolution) in addition to pedagogical tools to engage students, is helpful for teachers that 

do not have as much experience teaching or lack a background in the content. However, an 

important part of PD that I did not observe in workshops nationwide, was the discussion about 

the broader social and religious contexts where educators teach, and the impact on the evolution 

unit. Although these latter ideas have been recommended for PD on evolution (Glaze & 

Goldstein, 2015; Pobiner, 2016), they have not been implemented to date to my knowledge. My 

research supports the need for PD to broaden its base to include community context, which 

allows a space for teachers to engage in discussions with colleagues about their own 

backgrounds, and that of the students they teach. These programs should also include discussions 

on how teachers can learn to engage with their communities outside of school time, so as to 

better understand the students they teach. This could ultimately result in pedagogical approaches 

that consider students’ cultural views and/or knowledge.  

This study also showed how a mentor teacher greatly influenced another teacher’s 

curricular decisions during her biology units, not just evolution. However, having this 

experienced teacher to rely on clearly helped the more novice teacher approach a subject she had 

little experience teaching and not much time to plan, given her focus on her other course. School 
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districts nationwide should implement mentor programs for novice biology teachers, especially 

during units that may be more difficult to teach, such as evolution. Providing mentors, in 

addition to PD outside of school time (as discussed above), will help teachers become effective 

educators of evolution, whether they are novice or experienced. This support at multiple levels – 

both in local districts, and nationwide - can provide educators with the tools they need to teach 

the science behind evolution at both the micro and macro levels, and engage their students in 

meaningful discussions about the importance of evolution in their everyday lives. As a former 

President of the National Association for Biology Teachers (NABT), a large organization that 

firmly supports the teaching evolution, once stated, “one strong teacher…who knows how to 

address the teaching of evolution…can impact change at a local level, and we do not want to 

underestimate the impacts that those teachers can have,” (Wei, Beardsley, & Labov 2012, pg 14). 
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APPENDIX A – METHODOLOGY/RESEARCH QUESTION ALIGNMENT 

Research Question Method(s) 

 

How do high school biology teachers in two 

different communities in Arizona teach a unit 

on evolution? 

 

 

Interviews  

Informal Discussions 

Observations 

Research Memos 

Co-planning 

Artifacts 

 

 

What, if any, dilemmas of practice arise for 

teachers during a unit on evolution? 

 

 

Interviews  

Informal Discussions 

Observations 

Research Memos 

Co-planning 

Artifacts 

 

 

How does a teacher negotiate the dilemmas 

during a unit on evolution? 

 

 

Co-planning 

Informal Discussions 

Research Memos 

Observations 

Interviews 

 

 

Do the stakeholders in the school community 

(principals, parents) influence teachers’ 

negotiation of these dilemmas of practice? If 

so, in what ways? 

 

 

Co-planning 

Informal Discussions 

Research Memos 

Interviews 
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APPENDIX B - FIELD NOTES TEMPLATE 

Observation Field Notes  

 

Location of observation (school): 

Teacher observed:  

Date of Observation:  

Day of Week:  

Time of observation:  

Topic:  

Type of observation (class lesson, department meeting, etc.) 

 

Time Field Notes Researcher Notes 
(i.e., a reminder, info 

connection, idea for later) 

    

    

    

   

        

     

 

 

   

 

Big ideas to remember:   

 

 

Other Questions: 
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APPENDIX C – EXAMPLE INTERVIEW PROTOCOLS – TEACHERS 

Pre-Genetics Unit Questions 

1. What is your position at the school? How long have you been teaching here? 

2. How many years have you been teaching biology? How many years have you been 

teaching evolution as a unit? 

3. Describe your educational background (years of college, major, teaching certification, 

etc.) 

4. How would you describe the school where you teach? How would you describe the 

students who you teach? How would you describe the community where the school is 

located? 

5. What are your goals for the genetics unit?  

Pre-Evolution Unit Questions 

1. What is your personal perspective on evolution? (microevolution, macroevolution, etc.) 

What have you personally learned about evolution from your own educational 

experiences? 

2. What are your goals for your unit on evolution?  

3. Are there any policies, either written or unwritten, at your school, with regard to 

what/how you should teach about evolution?  

4. Do you feel your principal is supportive of your teaching of evolution? Do you feel that 

other teachers support the teaching of evolution as well? Why or why not? 

5. What previous experiences do you have teaching evolution? What content did you teach? 

Are there topics within evolution that you feel more prepared to teach? Why? What 

methods did you use to teach it? How did the students respond to this content (either 

informally when you taught it or more formally during assessments?)  
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6. Describe any challenges you had previously with teaching this content. How has teaching 

a unit on evolution compared with teaching any other units in biology? 

7. For the current unit on evolution, how did you go about planning this unit (order of 

topics, etc.)? What resources did you use (textbooks, web sites, other teachers, etc.)? 

What teaching methods do you plan to use? How much of a factor did standards play? 

How much of a factor did district guidelines play? How much of a factor did student 

context play? 

8. Do you anticipate any challenges in teaching evolution this year? If so, what are they?   

Evolution Unit Questions (Completed at the end of each week’s lessons) 

1. Describe the lessons you taught about evolution this week.  Include the content, methods 

used to teach them, any assessments, etc.  

2. How would you describe student responses to these lessons? Favorably? Unfavorably? 

(can include assessment, bell work, daily work results, etc.) Explain. 

3. What do you hope the students took away as a result of this week’s lessons?  

4. Did you feel like there were any challenges with teaching this content this week? 

Explain. 

5. What are your plans for teaching for next week? What content do you plan to cover? 

How do you plan to teach it?   

6. If you could change anything about how you taught this week, what would you change 

and why?  

7. What do you think worked well this week? Why? 

Post-Evolution Unit Questions 

1.  How would you describe the unit on evolution that you just taught? (e.g. include content, 

pedagogy, assessments, etc.) 
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2.   What did you want your students to take away as a result of this unit? Do you feel that 

this was accomplished? Explain. 

3.   Discuss any factors that affected your teaching of this unit. For example, did you have 

enough time to cover everything?  

4. Did the state or local standards affect what you taught or how you taught it? Explain. 

5.  Did parents or student feedback on the evolution unit affect what you taught and how 

you taught it? Explain. 

6. Did colleagues affect how/what you taught about evolution? Explain. 

7. If you could go back and teach this unit again, would you do anything differently? If yes, 

what?  
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APPENDIX D – EXAMPLE INTERVIEW PROTOCOL – RELIGIOUS EXPERT 

1. Describe your current employment, research focus, etc. at the university.   

2. Describe your own educational, research and personal background that led you to choose 

this research specialty.  

3. How would you describe your religious affiliation/denomination? (e.g. Mormon, 

Catholic, etc.) 

4. Describe your religious beliefs – what are some of the major tenets that drive your 

beliefs?  

5. How would you describe (insert the community of school)? Are you familiar with the 

community in this area? If yes, please describe the approximate number of individuals 

within this community who are affiliated with your religion/the religion you study. Are 

you or have you been personally involved in any religious activities in this community? If 

so, in what ways? 

6. What are your thoughts on the scientific theory of evolution? Explain why you think this 

way, and factors that have influenced your thoughts.  

7. Do you think evolution should be taught in public schools? Why or why not? If not, what 

should be taught in lieu of evolution? Why?  

8. Would you say that the members of the LDS faith agree with your views on evolution?  
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APPENDIX E – EXAMPLES OF CODING WITHIN DATA 
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APPENDIX F – CODE BOOK EXAMPLE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



283 

 

APPENDIX G – SUMMARY OF THEMES/IDEAS EXAMPLE 
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