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 ABSTRACT 

The teaching of evolution is considered central to developing students’ 

understanding of biology. Many states have strengthened their evolution standards in 

high school biology as they have adopted the NGSS standards or developed state 

standards that align with NGSS. Despite the endorsement of teaching evolution by the 

standards, evolution education is still controversial particularly in Southern states 

which can make the teaching of evolution more challenging for biology teachers. 

There exists a gap in the literature on how changes to state standards for evolution 

impact the teaching practices of biology teachers. A gap also exists for recent, state-

wide research into the teaching practices for evolution in southern states. The present 

study sought to fill these gaps by investigating teaching practices for evolution and 

factors that influence high school biology teachers’ practices for teaching evolution in 

a state in the deep south, Alabama. This mixed methods study investigated internal 

and external factors related to attitudes toward evolution of high school biology 

teachers which can influence sensemaking for recently adopted evolution standards 

and teachers’ subsequent interpretation of these standards into teaching practices. 

Teachers were sampled from across the state using an online survey to gather 

quantitative and qualitative data. Interviews and focus groups were conducted with a 

subset of teachers to add depth and context to the findings of the survey.  

On the individual level, internal (e.g. attitudes toward evolution, knowledge of 

science and evolution, creationist attitudes) and external (e.g. education, state 

standards, challenges and supports for teaching evolution) factors played a role in how 
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teachers made sense of the standards for evolution and their teaching practices for 

those standards. It was found that attitudes toward evolution correlated to knowledge 

of science and evolution, religiosity, and creationist attitudes. These factors were also 

influenced by the external factor of post-secondary education. The findings of this 

study indicated that having preservice and in-service biology teachers take an 

evolution course could have a positive impact on evolution education in Alabama. 

Taking an evolution course was associated with higher levels of perceived relevance 

and knowledge of science and evolution and fewer creationist attitudes which were 

associated spending more time teaching evolution. How teachers make sense of 

standards is influenced by internal and external factors and determines how they will 

translate the standards into lessons in their classrooms. Most of the sampled teachers 

assimilated the new standards into their previous frame of reference as they were 

teaching evolution in the depth and manner described by the standards prior to the 

adoption of the 2015 standards. Some participants assimilated the new standards into 

their frame of reference by making changes to their practices to meet the depth and 

performance nature of the standards. Despite the influence of standards on the 

teaching of evolution indicated by these findings, it was also found that some biology 

teachers in Alabama are teaching creationism and/or ID and limiting or eliminating 

evolution instruction in their classes. This portion of the biology teacher population is 

likely underrepresented in this study. The present study found that most of the biology 

teachers sampled were teaching evolution in a manner that is consistent with the 

wording of NGSS and the Alabama biology standards. They were using a variety of 
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pedagogies and activities shown by previous study deepen student understanding of 

the process of evolution and reduce student resistance. However, the teaching of 

evolution was met with some challenges. Sampled teachers most frequently cited 

religious conflict as a challenge to teaching evolution for which they requested 

professional development that addresses both evolution content and strategies for 

managing conflict in their classes.  
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CHAPTER I 

INTRODUCTION 

Introduction 

The teaching of evolution in the United States (U.S.) has had a long history of 

controversy. Various religions have taken issue with the concept of evolution for 

explaining the diversity of life on Earth. Many religious people believe the creation 

Earth and its inhabitants were guided by God which does not always fully align with 

the science of evolution (Skehan, S.J. & Nelson, 2000). The nonacceptance of 

evolution due to religious beliefs has led to a long history of legal battles in the United 

States (U.S.) over the teaching of evolution in schools and, more recently, the teaching 

of creationism and intelligent design (ID) alongside evolution in science classes 

(Matzke, 2015). Despite the controversy, the theory of evolution is considered “the 

most powerful theory within the field of biology” (Rutledge & Warden, 2000, p. 23). 

The controversy over the teaching of evolution presents many challenges for biology 

teachers that they do not encounter when teaching other concepts.   

Biology is one of the core subjects taught to students across the U.S., 

demonstrating public consensus that an understanding of the biological sciences is 

important for all citizens. The importance of evolutionary theory to the learning of 

biology was impressed on biology teachers by Dobzhansky (1973) in an article 

published in the American Biology Teacher which stated “nothing in biology makes 

sense except in the light of evolution” (p. 125). National science standards for life 

sciences place emphasis on evolutionary theory in alignment with Dobzhansky’s 

assertion (National Research Council, 2012; NGSS Lead States, 2013). 
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Evolutionary theory has become more prominent in states’ life science 

standards in the U.S. (Watts, Levit, & Hoßfeld, 2016) since the writing of A 

Framework for K-12 Science Education (National Research Council, 2012) and 

development of the Next Generation Science Standards (NGSS) (NGSS Lead States, 

2013) which outline national standards for science education. Recent state standards 

across the U.S. have a greater emphasis on the teaching of evolution as states have 

predominantly been adopting NGSS standards as written or NGSS-influenced state 

science standards (NGSS@NSTA, 2018). Through state standards, states detail their 

expectations for the content and skills taught in public school (Skoog & Bilica, 2002) 

which can then be reinforced by state assessments (Pobiner, 2016). 

Ultimately, though, what and how concepts are taught in classrooms is 

determined by the teachers who design and execute the lessons. Sensemaking theory 

explains how teachers make sense of new policy, like changes to standards and 

curriculum, influences how they translate these changes into their classroom.  

Teachers make sense of new policy individually based on how the policy is designed 

and delivered and their personal experiences, knowledge, beliefs, and situation 

(Coburn, 2001; Ketelaar, Beijaard, Boshuizen, & Den Brok, 2012; Soini, Pietarinen, & 

Pylalto, 2018). An individual teacher’s practices are influenced by their sensemaking 

for state science standards for evolution which in turn are influenced by internal and 

external factors upstream. For individual teachers, internal factors that may influence 

their sensemaking for evolution science standards include their personal beliefs about 

evolution, religion, and teaching, knowledge of science and evolution, 
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misconceptions, and attitudes (Goldston & Kyzer, 2009; Hawley, Short, McCune, 

Osman, & Little, 2011; Hawley & Sinatra, 2018; Moore & Kraemer, 2005; Moore, 

2009; Nehm, Kim, & Sheppard, 2009; Osif, 1997; Rissler, Duncan, & Caruso, 2014; 

Rutledge & Mitchell, 2002; Trani, 2004; Zimmerman, 1987). External factors that 

may influence individual teacher’s sensemaking for evolution standards include their 

level of autonomy for curriculum and instruction, the state standards, state and local 

politics, post-secondary education, and community views (Bowman, 2008; Goldston 

& Kyzer, 2009; Moore & Kraemer, 2005; Moore, 2009; Zimmerman, 1987). 

Additionally, the internal and external factors related to teacher sensemaking for 

evolution standards correlate with teach other. 

Understanding how teachers interpret science standards for evolution and their 

practices for teaching evolution is important because what is being taught and how it 

is being taught can have a significant effect on students’ understanding of evolution 

and willingness to learn about evolution (Glaze & Goldston, 2015; Nelson, 2007). To 

gain understanding of this topic, teaching practices for evolution and factors 

influencing those practices have been studied through a variety of lenses. These 

include internal factors related to the teaching of evolution (e.g., acceptance of 

evolution and religious convictions), external factors (e.g., outside support for 

teaching evolution, state and national standards), and behaviors (e.g., pedagogies for 

teaching evolution, the teaching of evolution, creationism, and/or ID, choices of 

curriculum and instruction of evolution) (Bowman, 2008; Glaze & Goldston, 2015; 
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Meadows, Doster, & Jackson, 2000; Moore & Kraemer, 2005; Rutledge & Warden, 

2000; Trani, 2004; Zimmerman, 1987).  

The present study builds upon the previous research on the teaching of 

evolution in current American K-12 public schools through examining how internal 

and external factors for individual biology teachers influence their sensemaking for 

state evolution standards and how this sensemaking is translated into behaviors such 

as instructional practices in the classroom for teaching evolution as illustrated in 

Figure 1.  

 

Figure 1. Framework illustrating the connections between the individual, sensemaking 

and behaviors. 

 

The present study adds to this literature by identifying current practices for teaching 

evolution in Alabama biology classrooms and the impact of the changes to the biology 

standards for evolution in 2015 on these practices. Previous studies of states from 

across the U.S. have found a large amount of variation exists in the instructional 

practices for teaching evolution including concepts being taught and pedagogy due to 

some teachers being resistant to teaching evolution (Moore & Kraemer, 2005; 

Rutledge & Warden, 2000; Trani, 2004; Zimmerman, 1987). Variation in teaching 

practices for evolution occurs despite trends in acceptance of evolution in a region and 
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the strength of the wording of the standards for evolution (Glaze & Goldston, 2018; 

Trani, 2004; Zimmerman, 1987). This variation in practices can manifest as teachers 

spending varying amounts of time on the subject including not teaching evolution at 

all to spending weeks on the topic (Moore & Kraemer, 2005; Rutledge & Mitchell, 

2002; Trani, 2004) and teaching creationism and/or ID in their science classes (Moore 

& Kraemer, 2005; Zimmerman, 1987). This work has been directly incorporated into 

the present study through identifying areas of concern when studying the teaching of 

evolution and guiding the development of survey, interview, and focus group 

questions. 

The present study used a mixed methods design to understand the phenomenon 

of teacher sensemaking for strengthened evolution standards in a state with ongoing 

debates on evolution education, Alabama. Alabama, with a predominantly 

conservative and Christian population, presents both unique external factors and 

internal factors that may influence biology teachers’ sensemaking for the new biology 

standards related to evolution and selection of curricula and instructional practices 

when teaching evolution. The present study sheds light on internal and external factors 

that influence high school biology teachers sensemaking for the state standards for 

evolution and how evolution is being taught in biology classes, where evolution is a 

relevant concept for students’ understanding of life sciences (Ayala, 2004). 

Background of the Research 

 In 2015, the state of Alabama adopted new science standards influenced by the 

NGSS standards (ALSDE, 2015). The state’s previous science standards (ALSDE, 
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2005) earned a “D” rating in the Fordham Institute evaluation of state standards in 

2012 due to limited inclusion of evolutionary theory (Lerner, Goodenough, Lynch, 

Schwartz, & Schwartz, 2012). Lerner and colleagues noted that the standards related 

to evolutionary theory were limited throughout the entire document, genetics was not 

connected to evolution, and the wording of the standards for evolution in high school 

biology were confusing. The state’s current science standards explicitly include 

evolution in the standards for biology and components of evolutionary theory in the 

standards for third, sixth, and seventh grade science and high school environmental 

science (ALSDE, 2015). The distinction between the previous and current standards 

was so notable that the change was reported on nationally by National Public Radio 

(All Things Considered, 2015) and a science media watch dog group Science Alert 

(Macdonald, 2015). This change to the state science standards reflected the importance 

of the teaching of evolution as indicated by the NGSS standards (NGSS Lead States, 

2013) and a stronger commitment by the state of Alabama to provide science 

education that meets national standards. This change to the standards also reignited 

controversy over the topic of evolution, and how it is being taught in Alabama public 

schools as seen in the proposal of House Bill 258 (HB 258). Introduced on January 18, 

2018, HB 258 would have allowed teachers to also present “the theory of creation” in 

their science classes alongside evolutionary theory (Branch, 2018). The synopsis of 

this Bill states,  

This bill would allow a student receiving instruction on both the 

Biblical theory of creation and evolution to make a determination as to 

which theory to accept. A student would be permitted credit on course 

exams if he or she chooses to adhere to the Biblical theory of creation 
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instead of evolution and then answers exam questions according to that 

system of belief. (Hurst, 2018, p. 1)  

 

This bill attempted to insert the instruction of religious ideology that is not supported 

by scientific evidence and cannot be tested scientifically into Alabama science 

classrooms.  

The messages sent by states, school districts, and local administration 

influence how teachers make sense of standards and determine their curricular and 

instructional practices (Coburn, 2001, 2005) and, as such, can be considered external 

factors influencing teaching practices as these messages come for a source external to 

the teacher. Research suggests standards drive both curriculum and instruction, 

indicating that the changes to the evolution standards should translate into increased 

evolution instruction in Alabama (Glaze & Goldston, 2015; Pobiner, 2016). 

Additional external factors influencing curriculum and instruction include teacher 

autonomy and textbooks. Squires (2004) identified teacher autonomy as a driver 

curriculum and instruction when he described how curriculum developed or chosen 

from an external entity at the district or school level guides teachers’ instruction in 

their classroom, indicating which concepts in the standards are considered important. 

The textbooks chosen at the local level also send a message to teachers about which 

concepts are considered more important. Districts without written curriculum allow for 

more teacher autonomy for choosing their own curriculum and instructional practices. 

Thus, teachers can receive different messages about the teaching of the evolution 

standards from all levels which could create a wide variety of interpretations of what 

should be taught and how it should be taught in their classrooms. Specifically, in 
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Alabama, bills proposed in the Alabama’s State Legislature, the evolution disclaimer 

placed in biology textbooks, and standards developed by ALSDE send mixed signals 

to teachers and students about what should be taught in Alabama science classrooms 

The wording of state standards also plays a role in messages sent to teachers 

about what and how it should be taught and can reduce the amount of variation in the 

teaching of evolution across a state. States that have adopted the strongly worded 

evolution standards of NGSS as written leave little room for interpretation in what 

teachers are expected to teach at the local level or by teachers. However, other states 

have written ambiguous standards that are open for local district and teacher 

interpretation (Lerner et al., 2012; Skoog & Bilica, 2002; Watts et al., 2016). 

Ambiguity in the wording of the standards allows for non-scientific influences, such as 

religious beliefs, politics, and social pressure, to be considered when deciding on 

curriculum and teaching practices for evolution (Baker, 2013; Matzke, 2015; Osif, 

1997). 

Statement of the Research Problem 

 The teaching of evolution tends to vary within states despite states standards 

detailing what content should be taught in each course. Teachers’ beliefs about the 

validity of evolution (an internal factor at the individual level) and whether it should 

be taught in school tend to reflect the beliefs of their communities (Goldston & Kyzer, 

2009; Nehm, Kim, & Sheppard, 2009). The populations of southern states, which are 

predominantly conservative and religious, are particularly resistant to accepting 

evolution and the teaching of evolution in their schools (Numbers & Stephens, 2017). 
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Polls indicate that the majority (62%) of evangelical Christians do not fully accept the 

evolution of humans (Masci, 2017), which makes the teaching of evolution 

controversial in states like Alabama, where 86% of the population identify as Christian 

and 49% identify as Evangelical Protestant (“Religious landscape study,” 2018). 

Despite these trends for the community, ALSDE adopted science standards for the 

state that were influenced by NGSS. The alignment with NGSS placed greater 

importance on the teaching of evolution for enhancing students’ understanding of 

biology (see 2015 Alabama Course of Study: Science, p. iv). The new Alabama 

science standards included more standards related to evolution and provide more 

detailed description of what and how evolution should be taught. In theory, this 

change should translate into greater emphasis on evolutionary theory in Alabama life 

science classrooms. However, research shows that even in states with strong standards 

for teaching evolution there remains a significant number of public school secondary 

science teachers who do not teach evolution and/or include instruction on creationism 

and/or ID (Bowman, 2008; Moore & Kraemer, 2005). Additionally, mixed messages 

are being sent to teachers about the teaching of evolution by the state government 

through bills being introduced like HB 258 and the disclaimer placed in the front of 

biology textbooks. 

Currently, the instructional practices for teaching evolution and the impact of 

the changes to standards in Alabama are unknown. A statewide study has never been 

conducted on the teaching of evolution in the state of Alabama (Wendel, 2006). The 

present study focused on internal and external factors that influence teachers’ 



Texas Tech University, Carolanne Grogan, May 2020 

10 

individual beliefs about the teaching of evolution, how biology teachers made sense of 

the 2015 standards for evolution in light of these factors, and how the 2015 standards 

were translated into in their biology classes. 

Research Questions 

1. What internal (e.g., acceptance of evolution, knowledge of evolution and 

science) and external (e.g., challenges to teaching evolution, post-secondary 

education) factors influence Alabama biology teachers’ sensemaking for the 

2015 Course of Study: Science (ALSDE, 2015) and subsequent choices for 

teaching evolution? 

2. How did Alabama biology teachers make sense of the 2015 biology standards 

for evolution (e.g., assimilation, accommodation, toleration, distantiation)? 

3. How have the 2015 Alabama biology standards for evolution been translated 

into instructional practices in biology classrooms (e.g., time spent, curriculum, 

pedagogy)? 

Overview of the Research Design 

The present study addressed evolution education in high school biology classes 

in Alabama through a mixed methods research design. Qualitative and quantitative 

data were collected from high school biology teachers across Alabama. An online 

survey containing quantitative and open-ended items was administered online that 

addressed predominantly internal factors (beliefs, attitudes, misconceptions). 

Additional qualitative data were gathered through interviews and focus groups that 

especially focused on sensemaking for the 2015 standards for evolution and behaviors 
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(practices for teaching evolution). Individuals’ internal factors related to perspectives 

about evolution and the teaching of it in biology classes, such as acceptance of 

evolution, knowledge of evolution and science, misconceptions, beliefs, and attitudes, 

were collected quantitatively with the survey. Quantitative and qualitative data were 

gathered about external factors related to the teaching of evolution, such as textbooks, 

post-secondary education, and supports and challenges for teaching evolution, through 

the survey, interviews, and focus groups. Internal factors, acceptance of evolution, and 

post-secondary education were analyzed for correlations to determine how they relate 

to each other. Sensemaking for the 2015 Alabama biology standards for evolution was 

investigated through both the quantitative and qualitative data gathered through the 

survey, interviews, and focus groups. Teaching practices used by Alabama biology 

teachers for teaching evolution were investigated through qualitative data gathered in 

the survey, interviews, and focus groups and quantitative data about the time spent 

teaching evolution gathered in the survey. The quantitative and qualitative data were 

integrated in the discussion of findings to investigate how the internal and external 

factors a biology teacher experiences are associated with their sensemaking for the 

2015 Alabama standards for the teaching of evolution in high school biology and how 

their understanding of the standards translated into teaching practices for evolution. 

The recruitment letters for the survey, interviews, and focus groups were 

distributed via email statewide to gather a sample that was representative of the 

population of high school biology teachers in Alabama. However, the survey had a 

response rate of 11% of the biology teacher population and the survey, interview, and 
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focus group samples were biased toward teachers who accepted evolution as a valid 

theory. Therefore, it is unlikely that the sample collected in the present study is 

actually representative of the spectrum of perspectives held by biology teachers across 

Alabama. 

Scope of the Research 

 The scope of this study was framed to provide an understanding of how 

evolution is being taught through examination of internal and external factors that 

could influence biology teachers’ sensemaking for the 2015 Alabama science 

standards and their curricular and instructional practices in the state of Alabama. The 

target population for the present study were public high school science teachers in 

Alabama who had taught biology since the implementation of the 2015 Alabama 

Course of Study: Science (ALSDE, 2015).  Private school teachers were excluded 

from this study because they are not under the purview of the ALSDE, and thusly not 

obligated to use the 2015 Alabama Course of Study: Science to guide their curricular 

and instructional choices. The present study focused exclusively on high school 

biology as is the subject area with the most standards related to evolution (ALSDE, 

2015). The results from the present study were intended to be generalizable to high 

school biology public school teachers in Alabama who have taught biology since the 

adoption of the 2015 standards. 

 The scope of the present study was also delimited by the theoretical framework 

of sensemaking. Sensemaking theory explains how teachers interpret policy changes 

or curriculum messages is influenced by their previous experiences, knowledge, 
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beliefs, and social interactions (Coburn, 2005; Ketelaar et al., 2012). The items in the 

survey and interview and focus group protocols were designed to solicit data that 

would shed light on the teachers’ internal and external factors related to the teaching 

of evolution, sensemaking for the new standards for evolution, and how it translates 

into the instruction in the classroom.  

Significance of the Research 

A gap exists in the literature for current, state-based studies of the teaching of 

evolution in southern states. Relatively few large scale studies have been conducted 

focusing on the southern states with one conducted for the southeast region in the late 

1930s and one study each conducted for the states of Kentucky, Tennessee, and 

Louisiana during the 1980s and 1990s (Wendel, 2006). The teaching of evolution and 

factors that can influence teachers’ curricular decisions in Alabama have been studied 

in small studies using the qualitative methodologies of case studies (Goldston & 

Kyzer, 2009) and interviews (Meadows, Doster, & Jackson, 2000). While both of 

these studies offered important insights, the small sample sizes limit their 

generalizability and do not paint a picture of the state of evolution education at the 

classroom level across Alabama. The present study in contrast solicited participation 

from across the state in an effort to sample the perspectives of Alabama biology 

teachers from all demographics, belief systems, and attitudes toward the teaching of 

evolution. 

Additionally, the present study sought to fill a gap in the literature on how 

changes to state science standards of evolution translate to the classroom. These issues 



Texas Tech University, Carolanne Grogan, May 2020 

14 

are particularly salient in the state of Alabama because of the state’s history of 

resisting the teaching of evolution and attempts to insert creationism and ID into 

public school science classes. Accordingly, this study was situated to occur during the 

third year of implementation of the 2015 Alabama Course of Study: Science (ALSDE, 

2015). This gave the researcher the unique opportunity to study any changes teachers 

made to their curricula and teaching practices with the addition of the expanded 

standards for evolution since the recent adoption of the standards. 

As states adopt new standards to better align with NGSS, a need exists for 

research on how these standards are implemented by teachers who may resist this 

change due to internal factors and external factors related to the teaching the new 

evolution standards. This study sought to provide valuable insights into how effective 

the changes to Alabama’s science standards have been at augmenting evolution 

education in the Alabama’s secondary science classrooms. 

Researcher’s Assumptions and Biases 

 The present study was designed around certain assumptions. The present study 

of evolution education in Alabama was context bound. The survey items and interview 

and focus group questions were included and worded to solicit responses that reflect 

the participants’ experiences, beliefs, and actions within their context. Participants 

who chose to participate in this study were assumed to be answering truthfully about 

their experiences and beliefs, including whether they were in fact members of the 

target population. The researcher operated under the assumption that the participants 

have knowledge of the 2015 Alabama Course of Study: Science (ALSDE, 2015), 
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because the participants were public school science teachers in Alabama. This study 

was also being conducted under the assumption that the current science standards for 

evolution will remain in Alabama’s standards for the foreseeable future. Alabama has 

historically retained science standards for long periods of time as evidenced by the 

previous standards being adopted in 2005 (ALSDE, 2005). The survey for this study 

with the request of interview and focus group volunteers was distributed in a manner 

to support the assumption that the majority of the target population would have an 

opportunity to participate in the study. Zip codes for the school at which participants 

teach were collected in the survey to confirm the assumption that data collected is 

representative of the state of Alabama, including participants from rural, urban, and 

suburban areas. 

 The researcher’s interpretation of the data could be biased by personal 

perspectives on the teaching of evolution and science, due to currently being a biology 

teacher in the state of Alabama who identifies politically as liberal, is not religious, 

and accepts evolution as a valid scientific theory. The quantitative data collected were 

compared to analysis of the qualitative data to reduce the influence of the researcher’s 

personal biases. 

Definition of Terms in Alphabetical Order 

Evolution  

Evolution is the ongoing process of change of the characteristics of organisms 

leading to the diversity of life currently inhabiting Earth from a common ancestor (i.e., 

descent with modification).  
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Theory of Evolution  

The Theory of Evolution is the scientific theory that explicates that living 

things arose from a common ancestor from which modern organisms diverged through 

descent with modification (“NSTA Position Statement: The teaching of evolution,” 

2018). 

Creationism 

Creationism is doctrine which asserts that a supernatural being created the 

universe and all life in its current forms (“NSTA Position Statement: The teaching of 

evolution,” 2018). 

Intelligent Design (ID)  

ID is doctrine which asserts that the universe and life were created and 

designed by an intelligent entity who guided changes because life and the universe are 

too complex to have occurred by chance. 

Standards  

Standards are documents that outline the knowledge and skills that students 

should learn at each grade level during their K-12 education. National standards for 

science are NGSS. States are not required to adopt NGSS as their science standards; 

therefore, science standards vary from state to state. 

 Next Generation Science Standards (NGSS). K-12 science standards and 

practices developed from A Framework for K-12 Science Education: Practices, 

Crosscutting Concepts, and Core Ideas (NRC, 2012).  These standards arrange 
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science content and practices as benchmarks for each grade level (NGSS@NSTA, 

2018).   

 High school life science standards on evolution (NGSS Lead States, 2013). 

 HS-LS4-1 Communicate scientific information that common ancestry and 

biological evolution are supported by multiple lines of empirical evidence. 

 HS-LS4-2 Construct an explanation based on evidence that the process of 

evolution primarily results from four factors: (1) the potential for a species to increase 

in number, (2) the heritable genetic variation of individuals in a species due to 

mutation and sexual reproduction, (3) competition for limited resources, and (4) the 

proliferation of those organisms that are better able to survive and reproduce in the 

environment. 

 HS-LS4-3 Apply concepts of statistics and probability to support explanations 

that organisms with an advantageous heritable trait tend to increase in proportion to 

organisms lacking this trait. 

 HS-LS4-4 Construct an explanation based on evidence for how natural 

selection leads to adaptation of populations. 

 HS-LS4-5 Evaluate the evidence supporting claims that changes in 

environmental conditions may result in: (1) increases in the number of individuals of 

some species, (2) the emergence of new species over time, and (3) the extinction of 

other species. 
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Alabama Science Standards. Standards developed by ALSDE to guide 

science instruction at each K-12 grade level. Officially named 2015 Alabama Course 

of Study: Science.  

 High school biology standards on evolution (ALSDE, 2015). 

 BS.COS 13 Obtain, evaluate, and communicate information to explain how 

organisms are classified by physical characteristics, organized into levels of 

taxonomy, and identified by binomial nomenclature (e.g., taxonomic classification, 

dichotomous keys). a. Engage in argument to justify the grouping of viruses in a 

category separate from living things. 

 BS.COS 14 Analyze and interpret data to evaluate adaptations resulting from 

natural and artificial selection that may cause changes in populations over time (e.g., 

antibiotic-resistant bacteria, beak types, peppered moths, pest-resistant crops). 

 BS.COS 15 Engage in argument from evidence (e.g., mathematical models 

such as distribution graphs) to explain how the diversity of organisms is affected by 

overpopulation of species, variation due to genetic mutations, and competition for 

limited resources. 

 BS.COS 16 Analyze scientific evidence (e.g., DNA, fossil records, 

cladograms, biogeography) to support hypotheses of common ancestry and biological 

evolution. 

Curricula  

Curricula is the lessons, activities, materials, texts, assignments, and 

assessments a teacher employs to help students meet the learning benchmarks outlined 
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in the standards. Curricula may be set or influenced by local or state educational 

entities or left in part or entirely to the teacher’s discretion.  

Instruction  

Instruction refers to how a teacher transfers their knowledge to their students. 

External factors influencing evolution education   

External factors are factors outside of the individual which influence teachers’ 

sensemaking for science standards related to evolution and curricular and instructional 

decisions for teaching evolution. In the present study, external factors include state 

standards, textbooks, supports and challenges for teaching evolution, community, and 

post-secondary education. 

Internal factors influencing evolution education  

Internal factors are factors related to an individual’s personal frame of 

reference which can influence teachers’ sensemaking for science standards related to 

evolution and curricular and instructional decisions for teaching evolution. For the 

present study, internal factors include personal beliefs about evolution, religious 

beliefs, attitudes, misconceptions about evolution, and understanding of science and 

evolution.   

Sensemaking  

Sensemaking is the process of making sense of new information or situations 

considering one’s personal frame of reference (beliefs, knowledge, and experiences) 

and external factors (situation and social interactions) (Coburn, 2001; Ketelaar et al., 

2012). 
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Sensemaking Theory  

Sensemaking theory explains how teachers make sense of new policies 

considering their personal frame of reference (beliefs, knowledge and experiences) 

and external factors (situation and social interactions) which influences how they will 

implement the new policy (Coburn, 2001; Ketelaar et al., 2012). 
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CHAPTER II 

 

LITERATURE REVIEW 

Introduction 

 The teaching of evolution in public schools is controversial in many parts of 

the United States. Influenced by NGSS, states that have traditionally minimized 

standards for evolution are strengthening these standards. Despite the changes to state 

standards, it is unclear how or if the teaching of evolution has changed in public 

schools. Internal and external factors related to the teaching of evolution influence 

teachers’ sensemaking for the new standards which in turn influence their practices for 

teaching evolution (see Figure 1). This chapter will detail the theoretical framework 

the present study used to understand how teachers make sense of new standards for 

evolution and implement them in their classrooms in addition to reviewing literature 

focused on the study of teachers and the teaching of evolution.  

Theoretical Framework 

 The present study was framed by sensemaking theory. Teachers make sense of 

a policy from the district or state level based on their personal experiences, 

knowledge, and beliefs, their situation, and the policy design and message (Coburn, 

2005; Ketelaar et al., 2012; Spillane, Reiser, & Gomez, 2006). Spillane, Reiser, and 

Gomez argue that looking at implementation of policies from a cognitive perspective 

is essential for understanding the failure or success of implementation and framing 

policy implementation efforts. From sensemaking, “teachers interpret, adapt, and even 

transform policies as they put them into place” (Coburn, 2005, p. 145). Coburn found 
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that how teachers translate policy into practices depends on their preexisting practices, 

worldviews, and shared understanding. Spillane, Reiser, and Gomez suggest that some 

standards-based policies cannot be simply encoded and may require restructuring of a 

teacher’s prior knowledge about teaching in order to understand the differences 

between the old and new policies deeper than at the surface level. 

Through their sensemaking process, teachers have interpreted the changes to 

the Alabama science standards and translated this interpretation into instructional 

practices or rejected the intended message of this policy change. Coburn (2005) 

identified a variety of reasons which may cause teachers to reject new policy 

messages, including being philosophically opposed to policy message, the policy 

message being completely outside the bounds of comprehensibility or manageability, 

or simply they do not understand the new policy. Interpretation and acceptance of 

policy changes can be facilitated by the district, school, or department (Soini et al., 

2018). Soini et al. identified strategies for facilitating interpretation and 

implementation of policy, including standardization of what should and can be 

changed at the local level, comparison of the old and new curriculum, and 

transformation of the big ideas into professional development being conducted at the 

school level.  

The reasons for rejection of policy are particularly applicable to evolution 

education because teachers may be philosophically opposed to teaching evolution due 

to their religious beliefs (Mazur, 2004; Rissler, Duncan, & Caruso, 2014). Their 

personal rejection of the validity of evolution may make teaching it incomprehensible. 
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Teachers may find managing the conflict of their beliefs and policy (Meadows et al., 

2000) or resistance from students unmanageable. Research has also shown that some 

science teachers do not have an accurate understanding of evolution and the nature of 

science (Rutledge & Mitchell, 2002; Rutledge & Warden, 2000; Zimmerman, 1987) 

which could cause them to reject policy encouraging the teaching of evolution. 

Messages opposing or supporting the teaching of evolution may also come from other 

external sources such as community, school and district administration, students and 

parents, and state legislation which may influence teachers’ curriculum and 

instructional decision for the teaching of evolution. A lack of clarity for the message 

can force teachers to make sense of the policy exclusively from their personal frame of 

reference. For the new evolution standards in Alabama, lack of clarity is possibly an 

issue for many teachers. While the state school board adopted these standards for 

evolution, a few months later it also voted to retain the disclaimer placed in the front 

of biology books that calls evolutionary theory into question (Branch, 2017; Hawley & 

Phillips, 2017). Further muddying the waters was the adoption of an academic 

freedom resolution by the state legislator in 2017 encouraging state and local 

educational entities to promote teachers’ academic freedom for controversial topics in 

science and the proposal of House Bill 258 that would allow teachers to teach 

creationism beside evolution (Branch, 2017, 2018).  

Analytical Framework 

 The present study employed a conceptual framework for how teachers make 

sense of innovations as described by Ketelaar et al. (2012) as its analytical framework 
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for describing teachers’ sensemaking for the evolution standards in the 2015 Alabama 

science standards. Ketelaar et al. described four types of sensemaking for an 

innovation or policy in regards to personal frame of reference and situational 

demands: Assimilation is when new ideas are adapted to the existing frame of 

reference; accommodation is when the frame of reference is transformed to fit the 

situational demands; toleration is when new situational demands are accepted but 

initial frame of reference is retained; and distantiation is when situational demands are 

rejected and the initial frame of reference continues to be used. These constructs were 

be used as a priori categories for qualitative analysis of data. 

 Open ended items in the survey, interview, and focus group questions provide 

data relating to the sensemaking of participants for the 2015 science standards. These 

data were coded for evidence of teachers’ sensemaking in relation to their previous 

frame of reference for the teaching of evolution and the new situational demand 

created in the 2015 standards. The data were compiled to identify trends for the types 

of sensemaking teachers in Alabama have employed in relation to the evolution 

standards. 

Literature Review 

 Many factors have influenced the teaching of evolution in public schools in the 

United States. Legal battles have been waged at the local and state levels since the 

1800s over the teaching of evolution, creationism, and ID (Numbers & Stephens, 

2017).  Ultimately though, teachers control the curriculum used and conversations that 

occur about evolution in their classrooms (Skoog & Bilica, 2002). Teachers’ curricular 
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and instructional choices for evolution can be influenced by how they make sense of 

the new state standards for evolution which are influenced downstream by internal 

factors (e.g., personal beliefs, knowledge, attitudes) and external factors (e.g., 

challenges and supports for teaching evolution and education). 

Evolution in United States Schools 

The teaching of evolution in U.S. schools has been a controversial topic since 

it was first proposed as essential content for the understanding of biology because 

acceptance or rejection of the validity of evolutionary theory is often tied to religious 

beliefs and cultural norms (Bowman, 2008; Mazur, 2004; Rissler et al., 2014). The 

teaching of evolutionary theory versus creationism and ID has been so hotly contested 

that court cases have been filed and rulings have been handed down form every 

judicial level including the U.S. Supreme Court beginning with the Scopes Monkey 

Trial in 1925 in which a teacher was found guilty of teaching evolution in Tennessee 

(Moore, 2004). Modern legal precedent favors the teaching of evolutionary theory in 

schools and rejects the teaching creationism in U.S. public schools. Unfortunately, 

Moore found that teachers have poor understanding of the legal issues surrounding the 

teaching of evolution which can aid teachers who want to teach evolutionary theory in 

dealing with challenges from the community.  

 Even though legal precedent and state standards in most states support the 

teaching of evolutionary theory, some U.S. teachers still neglect evolution and/or 

include creationism in their curriculum (Moore & Kraemer, 2005; Rutledge & 

Mitchell, 2002; Trani, 2004; Zimmerman, 1987). Only three-fourths of freshman 
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students at a public university surveyed by Bowman (2008) reported evolution being 

taught as a ‘credible scientific theory’ in high school. One-third reported creationism 

and one-fifth reported ID being presented which were more frequently presented as 

lacking scientific credibility than as valid alternative creation theory (Bowman, 2008). 

Studies surveying teachers have found an increase in the number of teachers teaching 

evolutionary theory; however, this increase is stifled by an increase in teaching 

creationism also and support from a significant number of teachers for inclusion of 

creationism in science curriculum (Moore & Kraemer, 2005; Nehm, Kim, & 

Sheppard, 2009; Osif, 1997; Zimmerman, 1987). 

Evolution in state science standards  

Science standards are intended to a “provide a vision for science education, 

organize content, transform teaching practice, provide equity in the classroom, and 

link policy and subject content” (Skoog & Bilica, 2002, p. 446). Standards for learning 

in the U.S. are not regulated at the national level instead standards are set at the state 

level (US Network for Education Information [USNEI], 2008). National science 

standards exist as recommendations and guidelines, not requirements causing a large 

amount of variation amongst states’ science standards (Watts et al., 2016). States can 

choose to adopt the NGSS (NGSS Lead States, 2013), the current iteration of national 

science standards, or develop their own standards influenced by NGSS or not 

(NGSS@NSTA, 2018; Watts et al., 2016). State standards “represent the vision for 

science as conceived in a political process by diverse groups of people within each 

state, from policy makers and university professors to teachers and parents” (Skoog & 
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Bilica, 2002, p. 447). Skoog and Bilica suggested that the inclusion of evolution 

standards at the state level represents a public consensus supporting the teaching of 

evolution. 

National Science Standards.  The current iteration of national science 

standards are NGSS (Watts et al., 2016) published in 2013 (NGSS Lead States, 2013). 

NGSS is a framework (NRC, 2012) that specifies in which grade level particular 

science content and skills should be taught (NGSS@NSTA, 2018; NGSS Lead States, 

2013; Watts et al., 2016). Evolution is a core concept in NGSS. Evolution and 

associated concepts are found in 25 places in the elementary, middle, and high school 

earth and life science standards  (Pobiner, 2016). Direct use of the terms evolution and 

evolutionary relationships appear in only three of the standards (NGSS Lead States, 

2013). There is no direct reference to evolution in the elementary standards. The other 

22 standards reference core building block concepts (deep time, survival, competition, 

variation, mutation, diversity, adaptation, and inheritance) (NGSS Lead States, 2013; 

Pobiner, 2016). The NGSS standards relating to evolution are concise in their 

language defining both skills and knowledge students should learn as illustrated in 

standard HS-LS4-1 “Communicate scientific information that common ancestry and 

biological evolution are supported by multiple lines of empirical evidence” (NGSS 

Lead States, 2013). 

State standards.  State science standards are developed through a political 

process heavily influence by the public (Hawley & Phillips, 2017; Skoog & Bilica, 

2002; Watts et al., 2016). To date, 19 states and the District of Columbia have adopted 
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the NGSS standards in their entirety (NGSS@NSTA, 2018). Twenty additional states 

have adopted standards influenced by NGSS including the state of Alabama. Alabama 

has incorporated the 3D learning and placed more emphasize on topics that NGSS 

considers to be essential knowledge (ALSDE, 2015). States whose science standards 

do are not influenced by NGSS include Alaska, Arizona, Florida, Maine, Minnesota, 

North Carolina, North Dakota, Ohio, Pennsylvania, Texas, and Virginia 

(NGSS@NSTA, 2018).  A direct comparison of state standards cannot be conducted 

due the lack of federal regulation allowing for a large amount of variation; however, 

they can be analyzed for evolution key concepts (Skoog & Bilica, 2002). In a study 

funded by the Fordham Institute, Lerner et al. (2012) found evolution to be the biggest 

area of weakness across state standards. However, Skoog and Bilica found that the 

predominance of state standards includes the basic theory of evolution. As states adopt 

NGSS and modify their standards to aligned with NGSS, evolution has become more 

central in the state standards. Unfortunately, this movement forward is weakened in 

response to anti-evolution political efforts leading to ambiguous wording in the 

standards (Watts et al., 2016) and in some states removal and rewording of evolution 

standards (Castle, 2018; Skoog & Bilica, 2002). 

 While most states’ science standards have included standards for evolution and 

related concepts over the last 20 years, many states, including Alabama, Georgia, 

Colorado, New Mexico, Louisiana, Maine, and Wisconsin, have avoided the 

controversy and placated anti-evolution factions by using ambiguous language for 

standards relating to evolutionary concepts indicating a lack of emphasize on this 
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central concept in the life sciences (Skoog & Bilica, 2002). Strong state science 

standards as identified by Skoog and Bilica emphasize the importance of teaching 

evolution using concise wording such as “Biological evolution accounts for the 

diversity of species developed through gradual processes over many generations” (p. 

450) in the California state science standards from 2002. Ambiguously worded 

standards are illustrated by a science standard from Maine from 1997 “Analyze a 

theory scientists use to explain the origin of life” (p. 455). This type of wording leaves 

interpretation open and room for the teaching of ID, an origin of life doctrine, in the 

classroom which claims to be supported by scientists and scientific evidence (Staver, 

2004). However, the evaluation of the state standards by the Fordham Institute in 2012 

(Lerner et al., 2012) showed improvement in state science standards between 2009 and 

2012. This improvement in the quality of state science standards particularly for the 

teaching of evolution has likely continued as the predominance of states have now 

adopted NGSS as their state standards or modified their standards to align with NGSS 

(NGSS@NSTA, 2018) 

Local.  School boards at the local level have little control over but can offer 

input into science standards as the standards are generally set at the state level 

(USNEI, 2008). However, curriculum and instruction is determined at this level thus 

strongly influencing if and how evolution will be taught in the classroom (Skoog & 

Bilica, 2002). When the state science standards for evolution are written in ambiguous 

language, school boards have more flexibility in these decisions. This flexibility can 
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lead of evolution being deemphasized by decisions at the local level weakening the 

intent of the standards (Lerner et al., 2012; Watts et al., 2016). 

Internal and external factors  

Teachers’ sensemaking for standards influence their behaviors, teaching practices, 

when teaching these standards. Teachers’ sensemaking for policy is influenced by 

teachers’ beliefs, experiences, and situation; therefore, internal and external factors 

(and their relationship) are related to teachers practices for teaching evolution (see 

Figure 1). Both internal factors, such as acceptance of the validity of evolution and 

knowledge of science and evolution, and external factors, such as education and 

community, have been linked to teachers’ practices for teaching evolution. These 

practices include time spent teaching evolution and the teaching of creationism and ID 

in a biology class. 

Internal Factors. Internal factors, such as, personal beliefs and understanding 

of evolution and science, influence the sense making process for teaching and their 

implementation of the standards for evolution through their curricular and 

instructional choices (Coburn, 2001; Ketelaar et al., 2012).  In the present study, these 

internal factors are: beliefs, attitudes, knowledge of evolution and science, and 

misconceptions (Hawley & Short, 2013). 

Teachers’ Beliefs. In a 2017, a Gallup poll showed in the U.S. belief in 

creationist origins of man are at a low of 38% as opposed to approximately three-

quarters of Americans holding the belief that God directed the creation of man in 

1982. Currently, 57% of Americans believe in some form of evolution of man over 
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millions of years from lower life forms (Swift, 2017). These beliefs have been 

correlated to religious beliefs, region, political orientation, dogmatic orientation and 

education level (Mazur, 2004).  

Rissler, Duncan, and Caruso (2014) found religion to have a greater influence 

on acceptance or rejection of evolution than educational level in areas of the country 

where the majority of the population believes in God and the literal truth of the Bible. 

High levels of acceptance of evolution amongst science teachers have been found in 

more liberal, less religious states including Oregon (Trani, 2004) and Ohio 

(Zimmerman, 1987) with 82% and 78% acceptance respectively. However, there 

exists a significant number of teachers who question or reject the validity of 

evolutionary theory in all states in which teacher surveys have been conducted: 16% in 

Oregon (Trani, 2004), 20% in Indiana  (Rutledge & Warden, 2000), 31.6% in 

Pennsylvania (Osif, 1997), and 21.8% in Ohio (Zimmerman, 1987). In addition, a 25% 

to 39% of teachers who participated in various state surveys supported the inclusion of 

creationism in public school science curriculum (Moore & Kraemer, 2005; Osif, 1997; 

Zimmerman, 1987). Nehm, Kim, and Sheppard (2009) found that half of the 

preservice teachers they surveyed support inclusion of creationism in science 

curriculum. Rutledge and Mitchell (1998) connected these beliefs about evolutionary 

theory predominantly to the religious beliefs held by the teachers. Additionally, 

acceptance of evolution as a valid scientific theory has been correlate to distrust of 

science and acceptance of ID fallacies (Hawley et al., 2011). 
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 Teachers’ instructional of time spent teaching evolutionary theory in science 

classrooms has been correlated to internal factors including the teacher’s acceptance 

(Moore & Kraemer, 2005; Rutledge & Mitchell, 1998), understanding of evolutionary 

theory, and understanding of the nature of science (Trani, 2004). Rutledge and 

Mitchell found that acceptance of evolutionary theory as being scientifically valid by 

teachers translated into more time spent on teaching the concept. Rejection or 

indecision on the validity of evolutionary theory translated into three or fewer days of 

instruction, briefly mentioning evolution, or avoiding the concept all together. Trani 

found that high levels of acceptance of evolution and understanding of evolutionary 

mechanisms and the nature of science correlated strongly with the amount of 

classroom time spent teaching the concept among biology teachers in Oregon. In fact, 

she found that these factors correlated more strongly with time spent teaching 

evolution that teachers’ religious beliefs. 

Creationist beliefs held by science teachers also influence classroom 

instruction. The teaching of creationism in biology classes has been found throughout 

U.S. despite legal precedent that creationism has not place in science classes due to 

lack of scientific evidence. Although Trani (2004) found creationism to have a minor 

role in Oregon biology classes, it was found that 15% of teachers in Ohio were 

teaching creationism (Zimmerman, 1987) and 10% of teachers in Minnesota were 

spending six or more hours giving instruction on creationism (Moore & Kraemer, 

2005). 
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Knowledge of Evolution Concepts and Science. A lack of understanding of 

evolutionary concepts has been identified as a factor influencing acceptance of 

evolutionary theory for the general public and teachers. In addition, understanding of 

evolutionary theory influences the amount of time teacher spend teaching these 

concepts (Trani, 2004). Rutledge and Mitchell (2002) found that teachers who 

reported non-acceptance of evolutionary theory displayed poor understanding of 

evolutionary theory and those who were undecided showed understanding dominated 

by the controversy. Rutledge and Warden (2000) found that the teachers in Indiana 

had a moderate level of understanding of evolution and the nature of science. Teachers 

have also been found to harbor misconceptions of evolution (Moore & Kraemer, 2005; 

Zimmerman, 1987). 

External Factors. External factors such as state standards, high stakes 

assessments, post-secondary education, and messages from the community, school 

board, and state government have been shown to influence teachers’ sense making 

process for standards and their curricular and instructional choices.  

State Standards.  The degree to which evolutionary theory is emphasized in 

state science standards varies from state to state (Skoog & Bilica, 2002). States with 

weak science standards for instruction on evolutionary concepts are not limited to the 

bible belt and include the states such as Ohio and Illinois (Moore, 2009). While the 

influence of state science standards on teachers’ classroom practices for evolutionary 

theory is inconclusive, Moore found state standards including a mandate to teach 
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evolutionary theory is an important support for teachers who want to teach 

evolutionary theory. 

Researchers have come to differing conclusions about the influence of state 

science standards on what is being taught in classrooms. Moore (2009) concluded that 

state standards “mean little” in U.S. biology classes. He found creationism is being 

taught in biology classes despite state standards and laws. In addition, lack of 

emphasis in the classroom was found to correlate with attitudes that state standards 

were “unsatisfactory or useless” state standards for teaching evolutionary theory. 

Bowman (2008) also found a strong correlations among social factors and frequency 

and manner of instruction of evolutionary concepts leading to teachers not teaching 

the standards as put forth by the states. However, Moore and Kraemer (2005) found 

90% of Minnesota’s biology teachers to be complying with the state’s strong standards 

for instruction on evolutionary theory even though 16% rejected evolution and one-

fourth supported the inclusion of creationism in science classes. Additionally, 

Goldston and Kyzer (2009) found that teachers’ practices are influenced by the 

inclusion of evolution in the state standards and feel supported in their teaching of 

evolution when it is included in the state standards. 

State science standards and tests send messages to teachers about expectations 

for instruction and importance of different concepts guiding teachers’ curricular and 

instruction decisions (Goldston & Kyzer, 2009; Pobiner, 2016; Rutledge & Mitchell, 

2002). In Alabama, the science standards are the driving force for the teaching of 
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evolution as Alabama’s current state assessments for high school are the preACT and 

ACT (ALSDE, 2017) which focus more on scientific thinking and analysis. 

Community beliefs.  Community beliefs and attitudes can influence teachers’ 

practices for teaching evolution and their internal factors related to teaching evolution. 

Teachers beliefs about evolution tend to mirror those of the regions and communities 

in which they live indicating that internal factors are associated with external factors. 

High levels of acceptance of evolution amongst science teachers have been found in 

more liberal, less religious states including Oregon (Trani, 2004) and Ohio 

(Zimmerman, 1987) with 82% and 78% acceptance respectively. 

Communities can also exert pressure on science teachers to include or exclude 

certain topics. These community members include the community engaged through 

social interactions as well as those more closely related to the classroom including 

students, parent, administration, and other teachers. In Ohio, teachers surveyed 

reported being pressured to teach evolution 4.5 times more than to exclude it. 

However, 10% of those teaching evolution reported pressure from parents, church 

figures, and students to stop teaching evolution. Of those who were teaching 

creationism, a small percentage reported pressure to stop (Zimmerman, 1987). In 

contrast, 48% of teachers in Minnesota reported being pressured to not teach 

evolution, making the pressure against evolution three times more common (Moore & 

Kraemer, 2005). In addition to explicit pressure put on teachers in regards to teaching 

evolution, teachers’ perceptions of community beliefs have been suggested as a form 

of pressure on teachers to not teach evolution (Goldston & Kyzer, 2009). 
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Education. An individual’s educational background directly affects the internal 

factors of knowledge of evolution and science. Additionally, previous studies have 

found correlations between acceptance of evolution and higher levels of education 

(Deniz, Donnelly, & Yilmaz, 2008; Miller, Scott, & Okamoto, 2006; Rutledge & 

Mitchell, 2002; Trani, 2004; Zimmerman, 1987). Bowman (2008) found frequency 

and manner of evolution instruction to have a major influence on acceptance of 

evolution.   

Relationships between internal and external factors. Internal and external 

factors are related to each other (see Figure 1) as external factors can influence 

internal factors. The internal factors of acceptance of evolution and knowledge of 

science and evolution are influenced by education and community beliefs (Bowman, 

2008; Deniz et al., 2008; Goldston & Kyzer, 2009; Miller et al., 2006; Rutledge & 

Mitchell, 2002; Trani, 2004; Zimmerman, 1987). Additionally, as internal factors such 

as beliefs about evolution, science, and ID change external factors could be altered 

through the active seeking of additional knowledge and altering community 

influences. This connection between internal and external factors is powerful because 

changes between these factors can act synergistically to change one’s frame of 

reference and sensemaking for standards related to evolution. 

Previous Research Approaches   

Research investigating teachers’ beliefs, attitudes, and teaching practices have been 

conducted in the U.S. since the late 1930’s and have generally been state or region 

based (Wendel, 2006). Researchers have predominantly used quantitative methods 
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(Moore & Kraemer, 2005; Nehm et al., 2009; Osif, 1997; Rissler et al., 2014; 

Rutledge & Warden, 2000; Rutledge & Mitchell, 1998; Trani, 2004; Zimmerman, 

1987). These studies have relied on anonymous surveys that have been mailed directly 

to teachers or to schools. Many of the surveys used similar items to assess 

demographics, acceptance of evolution, and teaching practices (Moore & Kraemer, 

2005; Trani, 2004; Zimmerman, 1987). In addition to these constructs, Osif (1997) 

added items from the Christian Orthodoxy Scale to measure religiosity. Rutledge and 

Warden (1999) developed the Measure of Acceptance of the Theory of Evolution 

(MATE) instrument to assess teachers overall acceptance of evolutionary theory. The 

MATE has been used to measure evolution amongst teachers (Rutledge & Warden, 

2000) and preservice teachers with additional items to include other relevant 

constructs (Rissler et al., 2014). The Evolution Attitudes and Literacy Survey- Short 

Form (EALS-sf) was developed by Short and Hawley (2012) to measure factors that 

influence the acceptance of evolution including an individual’s attitudes, beliefs, and 

knowledge of evolution and science. Portions of the EALS-sf were used by Hawley 

and Sinatra (2019) to evaluate the effectiveness of teacher PD aimed at reducing 

perceived conflict between science and religion and generate more positive feelings 

toward and self-efficacy for teaching evolution. Surveys have also been created using 

items from a variety of sources to measure addition constructs that can influence 

teachers’ acceptance and instructional practices for evolutionary theory including 

understanding of evolutionary theory and the nature of science (Nehm et al., 2009).  
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 Some studies have been conducted using qualitative methods. These studies 

have collected data through interviews (Fisher, 2017; Goldston & Kyzer, 2009; 

Meadows et al., 2000) and classroom observations (Fisher, 2017; Goldston & Kyzer, 

2009). Meadows, Doster, and Jackson studied how Christian science teachers 

navigated the conflict between their religion and the science they were mandated to 

teach. Fisher (2017) and Goldston and Kyzer (2009) conducted case studies of biology 

teachers to investigate their teaching practices for evolution, influences on these 

practices, and how they navigate issues surrounding the teaching of evolution. 

 Mixed methods research designs have been used to study the teaching of 

evolution only a few times. Rutledge and Mitchell (2002) studied the level of biology 

teachers’ acceptance of evolution using a quantitative survey and a qualitative concept 

mapping activity to assess teachers knowledge of evolutionary theory. Their data were 

analyzed separately and integrated during their discussion (Rutledge & Mitchell, 

1998). Lucero, Petrosino, and Delgado (2017) studied four teachers’ subject matter 

knowledge and knowledge of student concepts collecting data qualitatively through 

interviews and classroom observations and quantitatively through a concept inventory 

administered to teachers and students. Some of the questions asked during teacher 

interviews were created based on results from the concept inventory (Lucero et al., 

2017). 

 Research on the teaching of evolution in Alabama.  Few studies focusing on 

the teaching of evolution in Alabama have been conducted. Most recently the 

perspectives and understanding of evolution has been studied amongst pre-service 
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teachers by Glaze (2018) and Glaze and Goldston (2018). Goldston and Kyzer (2009) 

conducted a qualitative study of sociocultural influences on the teaching identity and 

the teaching of evolution of three high school biology teachers in Alabama.  Meadows, 

et al. (2000) conducted a qualitative study focused on how conservative Christian 

scientists, secondary and post-secondary life science teachers, preservice teachers, and 

teacher educators navigated the conflict between teaching evolution and their religious 

beliefs. 

Summary 

 Science standards in the U.S. have been shifting toward placing more emphasis 

on evolution in science at the national and state level. Despite this shift, the teaching 

of evolution in public schools remains controversial particularly in regions of the U.S. 

in which the population is predominantly conservative and Christian. Biology 

teachers’ sensemaking evolution standards are influenced by internal (beliefs, 

knowledge, and attitudes) and external (standards, messages from state and local 

educational entities, and community interactions) factors. How they make sense of 

these standards will influence what and how they teach evolution related concepts in 

their classrooms.  
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CHAPTER III 

METHODOLOGY 

Introduction 

 The present study sought to gain knowledge about the state of evolution 

education in a state with conservative, religious populations which typically have 

lower rates of acceptance of evolution (Mazur, 2004; Rissler et al., 2014). I 

investigated how changes to the state standards for evolution influenced the teaching 

practices of Alabama biology teachers through investigating how teachers made sense 

of the new standards for evolution and internal and external factors that may influence 

their sensemaking process. The state of Alabama was chosen for the present study 

because it is a state in which the teaching of evolution remains controversial as 

evidenced by recent state actions (Branch, 2018; Hawley & Phillips, 2017). The state 

of Alabama adopted standards in 2015 that placed greater emphasis on the teaching of 

topics related to evolution despite the controversial nature of the topic in the state. The 

present study was situated to study changes (or lack of change) to teachers’ practices 

for evolution in response to the new standards in Alabama. I focused on the teachers 

who were most affected by changes to standards related to evolution, high school 

biology teachers. I used a mixed methods approach in which both quantitative and 

qualitative data were collected and analyzed. 

Research Design 

 The constructivist worldview as described by Creswell and Creswell (2018) 

framed the present study. The present study sought to understand the teaching of 
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evolution and the factors influencing teachers’ practices for teaching evolution in 

Alabama. The participants in the present study have constructed their perspectives 

about the teaching of evolution through internal and external factors unique to each 

teacher. These factors would in turn influence their teaching practices regarding 

evolution and how they make sense of the state standards for evolution and related 

concepts (Coburn, 2005; Coburn, Hill, & Spillane, 2016; Spillane, Reiser, & Reimer, 

2002). A mixed methods approach was taken in the present study to develop a fuller 

understanding of evolution education in Alabama. Trends among sampled Alabama 

biology teachers were derived from the quantitative data collected with the survey. 

The context for these trends was derived from the qualitative data collected with the 

survey, interviews, and focus groups. The quantitative and qualitative data were 

integrated in the discussion of the results. 

Research Methodology 

The present mixed methods study assessed how evolution is being taught and 

factors influencing the teachers’ practices within the state of Alabama. Individual 

teachers’ perspectives on the teaching of evolution may be influenced by internal 

factors (acceptance of evolution, knowledge, misconceptions, beliefs, and attitudes) 

and external factors (science standards, education, challenges, supports, and 

textbooks). These factors influence teachers’ sensemaking for the science standards 

which in turn influence their teaching practices as shown in Figure 2.  
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Note: Types of data collected are noted as *quantitative, **qualitative, and ***both 

quantitative and qualitative 

 

Figure 2. Framework illustrating connections between individual factors, 

sensemaking, and behaviors and types of data gathered within each of these 

constructs. 

 

To gain an in-depth understanding of this issue in Alabama, both quantitative and 

qualitative data were gathered from a survey, documents, interviews, and focus 

groups. Quantitative and qualitative data were integrated for the results and discussion.  

Research site  

The present study took place in the state of Alabama. Alabama is known for having a 

predominantly conservative, Christian population. A poll by the Pew Research Center 

(2018), a nonpartisan fact tank, found that 86% of the adults polled in Alabama 

identified as Christian with 49% identifying specifically as Evangelical Protestant. 
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Holding politically conservative and highly religious views has been associated with 

not accepting the validity of evolution for explaining the diversity of life on Earth or 

the origins of humans (Mazur, 2004; Rissler et al., 2014).  

Resistance to the teaching of evolution by the citizens and politicians of 

Alabama has been made evident in proposed laws and state school board actions. In 

1995, the Alabama State School Board voted to place an evolution disclaimer in the 

front of biology and life science textbooks (Branch, 2017). This policy was reaffirmed 

after passionate statements in support of the policy from citizens in 2016 (Hawley & 

Phillips, 2017). Branch and Hawley and Phillips note that this disclaimer serves to 

undermine evolution education and allow teachers to discuss creationism and ID as 

alternatives to evolution.  The state of Alabama also has a history of attempting to pass 

laws banning the teaching of evolution or allowing for the teaching of creationism or 

ID alongside evolution in public schools as reported by Branch (2017).  

Alabama is one of twenty states to adopt standards influenced by the NGSS 

(NGSS@NSTA, 2018) instead of adopting NGSS in its entirety as recommended by 

the creators of NGSS (NGSS Lead States, 2013). The state of Alabama contracted 

teachers, academics, industry insiders, and scientists to rewrite the state science 

standards (Hawley & Phillips, 2017) which were adopted by the State Board of 

Education (SBOE) in 2015. The 2015 standards for high school biology and seventh 

grade life science changed notably in that the standards focus on student performance 

instead of content knowledge and explicitly include evolution and related concepts 

(ALSDE, 2005, 2015) in alignment with the NGSS standards (NGSS Lead States, 
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2013). Additionally, more standards for evolution and evolution-related concepts were 

included in the third, sixth, and seventh grade science and high school earth and space 

science and environmental science standards without using the term evolution 

(ALSDE, 2015). 

Research participants  

Teachers recruited for participation in the present study are limited to those 

who were currently teaching or have taught (after 2015) biology and seventh grade life 

science in public schools in the state of Alabama. The 2015 Alabama Course of Study: 

Science standards for high school biology and seventh grade life science explicitly 

called for instruction on evolution and evolution-adjacent concepts on September 10, 

2015 (ALSDE, 2015). This population, through their professional work, would have 

the information (data) needed to answer the research questions. 

 Teachers who did not currently teach biology, seventh grade life science, or 

taught these subjects prior to 2015 in Alabama public schools were excluded from this 

study. These teachers, including teachers at Alabama private schools, were excluded 

from the present study as they were not expected to follow the standards for high 

school biology detailed in 2015 Alabama Course of Study: Science. Additionally, 

elementary teachers are excluded from the present study as evolution and adjacent 

concepts are limited in the elementary science standards. 

The analyses included in the present study only include high school biology 

teachers. Despite being collected, seventh-grade life science teacher data were 

excluded because the survey response rate for this group was only 6% of the 
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population of seventh-grade life science teachers in Alabama. Additionally, no 

teachers from this group volunteered to participate in an interview or focus group thus 

providing little qualitative data to analyze.   

Alabama high school biology teachers sampled. Biology teachers from 

across the state of Alabama were sampled for this study using a survey, interviews, 

and focus groups. 

Survey Respondents. The teachers who participated in the survey portion of 

the present study represent 11% (N=114) of the of biology teachers in Alabama (1065) 

(personal communication, ALSDE). As seen in Figure 3, the sample included teachers 

from across the state of Alabama who teach in urban, suburban, and rural locations. 

Figure 3 shows the locations of sampled individuals based upon reported zip codes for 

the schools at which they teach. 

 

Figure 3. Map of zip codes for the schools at which high school biology teacher 

participants teach (N=45). 
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Table 1 holds demographic information on the sample.   

Table 1. 

 

Gender and Race of Survey Respondents (N=114). 

Race of Alabama Biology 

Teachers Sampled 

Gender of Alabama Biology 

Teachers Sampled 

Race  Gender  

White, Non-Hispanic 49, 43% Female 50, 44% 

African American 2, 2% Male 4, 4% 

Latinx 1, .9% Undisclosed 60, 53% 

Native American 1, .9%   

Undisclosed 61, 54%   

 

The sample was predominantly female and white, non-Hispanic. An unusually high 

percent of participants did not disclose this demographic information likely because 

the demographic questions were at the end of the survey to reduce bias that can be 

introduced into the data when demographic questions are placed earlier in a survey 

(Miles, 2017). 

The respondents’ teaching experience ranged from less than one year to 33 

years (M= 13.23 years, SD= 8.15) as seen in Figure 4. 
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Figure 4. Total years of teaching experience for Alabama high school biology teachers 

sampled (N= 44). 

 

Respondents years of experience teaching life science (M= 11.16, SD= 7.18) is in 

Figure 5. 

 

Figure 5. Years of teaching experience for life science for Alabama high school 

biology teachers sampled (N= 45). 
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  Interview and focus group participants. Table 2 shows the gender of the 

interview and focus group participants who were predominantly female.  

Table 2. 

 

Gender of Interview and Focus Group Participants (N=29). 

Interview Participants 

N=10 

Focus Group Participants 

N=19 

Gender  Gender  

Female 8, 80% Female 17, 89% 

Male 2, 20% Male 2, 11% 

  

Ninety percent of interview participants (N=10) accepted evolution as a valid theory 

with 10% being undecided about the validity of evolution. Eighty-nine percent of 

focus group participants (N=19) accepted evolution as a valid theory with 11% 

rejecting all or parts of evolution. Novice (N=7, i.e., 5 years or less of experience) and 

experienced (N=6, i.e., more than 10 years of experience) life science teachers were 

represented in near equal amounts as seen in Table 3. 

Table 3. 

 

Interview and Focus Group Participants (N=19) Experience Teaching Life 

Sciences. 

Years of 

Experience 

Interview Participants 

N=10 

Focus Group Participants 

N=19 

Less than 5 years 4, 40% 7, 37% 

5 to 10 years 5, 50% 5, 26% 

More than 10 years 1, 10% 6, 32% 

No response 0, 0% 1, 5% 

 

Methods  

Data were collected from across the state of Alabama using a variety of methods to 

address the research questions as seen in Table 4.   
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Table 4. 

  

Sources of Data Collected to Address Each Research Question 

 

 

Research Question Data Source 

RQ1. What internal (e.g., acceptance of evolution, 

knowledge of evolution and science) and external (e.g., 

challenges to teaching evolution, post-secondary 

education) factors influence Alabama biology teachers’ 

sensemaking for the 2015 Course of Study: Science 

(ALSDE, 2015) and subsequent choices for teaching 

evolution? 

 

Survey 

2005 and 2015 AL 

state science 

standards 

Interviews 

Focus Groups 

Reflexive Journal 

 

RQ2. How did Alabama biology teachers make sense of the 

2015 biology standards for evolution (e.g., assimilation, 

accommodation, toleration, distantiation)? 

 

Survey 

Interviews 

Focus Groups 

Reflexive Journal 

 

RQ3. How have the 2015 Alabama biology standards for 

evolution been translated into instructional practices in 

biology classrooms (e.g., time spent, curriculum, 

pedagogy)? 

 

Survey 

Interviews 

Focus Groups 

Reflexive Journal 

 

 

Both quantitative and qualitative data were collected to shed light on the teachers’ 

practices concerning the teaching of evolution and changes to those practices since the 

adoption of the new state science standards in 2015. Teachers’ practices for teaching 

evolution can be influenced by their sensemaking for the evolution standards which 

can be influenced by internal and external factors experienced by the individual 

teachers (see Figure 2). These data were gathered using an online survey and semi-

structured interviews and focus groups.  

 Data collection and recruitment. Quantitative and qualitative data were 

gathered for the present study using an online survey, interviews, and focus groups. 

Survey. The survey (Appendix A) gathered both quantitative and qualitative 

data. The survey gathered quantitative data about internal and external factors and 
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teaching practices through items for which possible answers were provide or on a 

Likert scale. The included open-ended items to allow participants to explain their 

reasoning and describe their teaching practices related to their teaching of evolution. 

Additionally, the survey gathered demographic information including subject taught, 

zip code of the school at which they teach, sex, race, and teaching experience (overall, 

within Alabama, and biological sciences only in Alabama). The survey data were used 

to describe the population, identify relationships between variables, and predict 

interactions between variables including attitudes and opinions. These data were 

analyzed to identify norms and trends (Coughlan, Cronin, & Ryan, 2009; Creswell & 

Creswell, 2018; Gable, 1994), such as teachers’ thoughts on, practices, and challenges 

for teaching evolution in Alabama public schools. The survey was administered 

through Qualtrics. Participants were not asked for personally identifying information 

to encourage them to answer without fear of social repercussions. The anonymity 

provided by an online survey that does not gather personally identifiable data reduced 

socially desirable responding (Desimone & Le Floch, 2004). 

Participants were recruited through email and personal contacts. Emails 

requesting participation and a link to the survey were sent to science supervisors and 

leaders in school districts across Alabama. Additionally, Alabama Science in Motion 

(ASIM) specialists, a Learning Unity and Diversity in Alabama (LUDA) team 

member, and an educator from the Birmingham Zoo aided in sending out the 

recruitment email to their contacts. Due to an initial low response rate, an email 

database for teachers was compiled. Email addresses for these individuals (N=848) 
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were obtained from open access websites and personal contacts. Additionally, 

participants were recruited in person at the Alabama Science Teacher Association 

(ASTA) annual conference, an ASIM summer professional development, and an 

Advanced Placement (AP) Biology Summer Institute held in Alabama. 

 Interviews and focus groups. Semi-structured interviews (N=10) lasting 

between 15 to 45 minutes and focus groups (N=3) lasting 20 to 45 minutes were used 

to gather qualitative data to add depth of understanding and context to quantitative 

data gathered through a survey (Creswell & Creswell, 2018; Creswell & Plano Clark, 

2018; Hesse-Biber, 2017).  In order to keep personally identifying information 

separate from the survey data, a link to a Google form was provided at the end of the 

survey for teachers should they desire to volunteer to be interviewed or participate in a 

focus group to provide contact information. The Google form asked the participants’ 

to provide an email address, preference for interview or focus group, and acceptance 

level for evolution (accept, reject, or undecided). Participants recruited for face-to-face 

focus groups completed a short questionnaire (see Appendix B) before beginning the 

focus group providing information about acceptance of evolution, courses they taught, 

teaching experience, and time spent teaching evolution during a course. No personally 

identifying information was gathered in this questionnaire. 

A semi-structured interview format, as described by Hesse-Biber (2017), 

allowed the researcher to ask probing and clarifying questions.  Interviews were 

conducted face-to-face at the ASTA conference and with personal contacts. Interviews 

with those who volunteered through the survey link were conducted virtually via 
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synchronous video conferencing software (Zoom). Interviews (see Appendix C) were 

conducted with a subset of teachers (N=10) who completed the survey and 

volunteered for the interview portion of the study. Anonymous interviews were 

scheduled with a private Doodle poll. If being conducted virtually, participants were 

emailed a call-in number for meeting via Zoom. All interviews were recorded via a 

voice recorder or the Zoom platform, and field notes were taken. Audio recordings of 

interviews were transcribed verbatim and corrected while listening to the recording by 

the researcher using the transcription platform Otter. Additionally, the researcher 

recorded data and impressions through field notes and reflexive journaling within 

hours of the interview. 

Three focus groups added another layer to the data collected for this study over 

what could be gathered from interviews by creating a group dynamic in which the 

participants responded to each other as well as the researcher’s questions. Hesse-Biber 

(2017) noted that focus groups can also generate richer explanations as participants 

discuss amongst themselves.  In this case, focus groups allowed teachers to discuss 

their thoughts collectively and evaluate sensemaking in real time interactions.  Focus 

groups (see Appendix B) were conducted with teachers (N=19) recruited at an ASIM 

summer PD (one focus group) and AP Biology Summer Institute (two focus groups). 

Unlike the interviews, focus groups were conducted face-to-face. These participants 

were asked to complete the survey; however, it is likely most did not.  

The focus groups included two participants in each of the focus groups 

conducted at the AP training and 15 participants at the ASIM training. These groups 
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were convenience samples at PD events so the researcher was unable to form 

homogeneous groups, which is the preferred structure for focus groups (Hesse-Biber, 

2017), for level of acceptance for evolution.  

All three focus groups were recorded via voice recorder; however, the voice 

recorder malfunctioned during the first focus group and the third was conducted over 

lunch in a noisy hall making recording impossible. Therefore, focus group data were 

recorded in field notes and reflexive journaling done within hours of the focus group. 

Field notes and reflexive journal. Field notes were recorded by the researcher 

during interviews and focus groups. Additionally, the researcher reflexively journaled 

while analyzing data and immediately after interviews and focus groups. The purpose 

of this reflexive exercise was to capture the researcher’s initial impressions (Creswell, 

2013; Hesse-Biber, 2017). 

 Audit trail. A detailed audit trail was compiled throughout the study to 

document recruitment (emails and in person), methodological decisions, and data 

collection (see Appendix D).  The audit trail included detailed notes of the coding and 

recoding of the qualitative data to document how particular codes were developed and 

what they mean to the researcher (Krefting, 1991; Shenton, 2004).   

Data Sources and Analysis. Quantitative and qualitative data were gathered to 

identify factors at the individual level, how teachers made sense of Alabama’s 2015 

biology standards for evolution, and how these factors translated into behaviors (e.g. 

teaching practices and time spent teaching evolution) for teaching evolution. The 
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items used to collect these data were mainly sourced from previous studies and were 

analyzed using established methods. 

Convergent mixed methods design was used for the present study. Quantitative 

and qualitative data were collected simultaneously. However, the two types of data 

were analyzed separately. These analyses were interwoven in the findings and 

discussion as they apply to the research questions as described by Fetters, Curry, and 

Creswell (2013). The two types of data complement each other by adding context to 

generalities. The quantitative data can identify trends in the sample, but it lacks 

context of personal experiences and school and community culture. The qualitative 

data provided context and depth to understanding of the findings from the quantitative 

data by allowing participants to share their personal experiences. During interviews 

and focus groups, the participants were able to share information about their context 

within their school, district, and community and expand upon how they made sense of 

the 2015 state science standards and implemented them in their classrooms. The 

quantitative data allowed for generalization of the findings and paint a picture of 

trends for evolution education across the state of Alabama. The researcher attempted 

to gather surveys from 35% or more of the population with the intention of gathering a 

representative data set that includes all perspectives (Creswell, 2013). However, only 

an 11% response rate was obtained. Therefore, the survey data may not be 

generalizable to the population of Alabama high school biology teachers, but it still 

provided insights into evolution education in Alabama. 



Texas Tech University, Carolanne Grogan, May 2020 

55 

Individual Factors. Data were gathered on internal and external factors that 

could influence teachers’ practices for teaching evolution using a survey, interviews, 

and focus groups. Table 5 identifies where these data were sourced and the type of 

data collected, quantitative and/or qualitative, for each factor. 

Table 5. 

 

Sources of Data for an Individual’s Internal and External Factors Related to the 

Teaching of Evolution (see Appendix A, B, and C and Figure 2). 

Internal Factors Source Type of data Item numbers 

Acceptance of 

Evolution 

Survey Quantitative Q18 

 Pre-Interview and 

Focus Group 

Questionnaire 

Quantitative 1 

Knowledge of 

Science and 

Evolution 

Survey Quantitative Q38, Q44, Q48, 

Q56 

Misconceptions Survey Quantitative Q53 

Beliefs Survey Quantitative Q9, Q10, Q61, 

Q62 

 Interview Protocol Qualitative 3 

Attitudes Survey Quantitative Q20, Q21, Q22, 

Q23, Q24, Q25, 

Q26, Q28, Q35 

External Factors    

Science Standards 2005 & 2015 

Alabama Course of 

Study: Science 

Qualitative  

Post-secondary 

Education 

Survey Quantitative Q16, Q17 

Challenges Survey Quantitative Q12  

 Focus Group Protocol Qualitative 5 

 Interview Protocol Qualitative 8 

Supports Survey Quantitative Q86 

  Qualitative Q82 

 Focus Group Protocol Qualitative 6 

 Interview Protocol Qualitative 9 

Textbooks Survey Quantitative Q67, Q68, Q79, 

Q80 
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The quantitative items for internal and external factors in the survey (Appendix 

A) were sourced from previous studies. Items directly addressing acceptance of 

evolution were sourced from Rutledge and Mitchell (2002) and Zimmerman (1987). 

Items assess knowledge of evolution and science, misconceptions about evolution, and 

attitudes toward politics, religion, and creationism were sourced from Hawley, Short, 

McCune, Osman, and Little (2011) and Short and Hawley (2012). Items measuring 

beliefs about what students learn and accept were sourced from Nehm et al. (2009) 

Items measuring educational background were sourced from Rutledge and Mitchell. 

Respondents were asked to rate on a 7-point Likert scale their acceptance of evolution, 

belief that most scientists consider the theory of evolution to be valid, and conflict 

they experience between evolution and their religion. Additionally, respondents were 

asked to rate on a 7-point Likert scale their level of agreement with statements 

grouped into subscales to determine respondent internal factors of political activity, 

religious activity, ID fallacies held, distrust of science, perceived relevance of 

evolution, genetic literacy, knowledge of evolution, misconceptions about evolution, 

and knowledge of science as taken from the EALS-sf (Hawley & Short, 2013). These 

constructs have been shown to be related to acceptance of evolution; therefore, they 

may also be related to teachers’ sensemaking for evolution standards and teaching 

practices for evolution. 

Statistical analysis was conducted on the quantitative data from the survey. 

The sample was described using means, frequency distribution, central tendency, and 
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variability (Coughlan et al., 2009). Additional statistical analyses were conducted to 

identify relationships between factors. 

For the internal factor subscales, a mean score was calculated for each subscale 

as recommended by Hawley et al. (2011). The political activity subscale included 

questions 20 to 22; the religious activity subscale included questions 23 to 26; the ID 

fallacies subscale included six items in question 28, and the distrust of science 

subscale included three items in question 35 (see Appendix A). The relevance of 

evolution subscale included five items in question 38. The genetic literacy subscale 

included four items in question 44. The third and fourth items in this subscale were 

reverse coded items. The evolution knowledge subscale included five items in 

question 48. The misconceptions about evolution subscale included three items in 

question 53. The knowledge about scientific enterprise subscale included four items in 

question 56. The second and third items in this last subscale were reverse coded.  

Acceptance of evolution was measured in the survey and in the pre-interview 

and focus group questionnaire. In the survey, acceptance was reported on a 7-point 

Likert scale in which 1 equaled evolution is a valid theory and 7 equaled evolution is 

an invalid theory. This scale was reverse coded for analysis and reporting. The 

acceptance item in the pre-interview and focus group questionnaire included only 

three responses: accept, reject, and undecided about the validity of evolution. This data 

were gathered to add context to the qualitative responses provided during the 

interviews and focus groups. Additionally, this data were intended for use in creating 
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homogenous focus groups for acceptance. However, the focus groups became 

convenience samples at summer PD sessions leading to non-homogenous groupings. 

Quantitative data were also gathered in the survey for supports and challenges 

for teaching evolution and the use of textbooks. The support of attending PD on the 

teaching of evolution was measured in question 86. The challenge of the biology 

textbook disclaimer being present in current textbooks was measured in question 12. 

The quantitative data collected were not normally distributed; therefore, non-

parametric statistical analyses were employed. Inferences for groups were made using 

the Mann-Whitney U-test (ascertaining significant differences in comparing unpaired 

groups) and Kruskal-Wallis test (comparing two or more independent samples of 

equal or different sample sizes). Correlations between variables were analyzed using 

Spearman’s Rank Sum (rho). Correlations were also calculated for relationships 

between the internal factors and acceptance level for evolution (question 18) and post-

secondary education constructs (questions 16, 17, and 86). Analyses for relationships 

were also conducted for acceptance level for evolution (question 18) and post-

secondary education constructs (questions 16, 17, and 86). Notably, multiple 

regressions were not conducted due to many groups having sample sizes less than 10 

(Palant, 2013). 

The effect of post-secondary course on evolution on internal factors was 

determined using Mann-Whitney U test. When significant differences were found, 

pairwise comparisons were conducted using Dunn’s test with Bonferroni correction. 
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 Qualitative data were gathered in the survey, interviews and focus groups for 

the external factors of challenges and supports for teaching evolution. Data were 

gathered about supports teachers need for teaching evolution in survey question 82, 

focus group question 6, and interview question 9. Data were gathered about challenges 

teachers experience when teaching evolution in focus group question 5 and interview 

question 8. These questions were mainly derived from previous studies that 

investigated these topics using open ended surveys (Moore & Kraemer, 2005; 

Rutledge & Mitchell, 2002; Trani, 2004). Additionally, the 2005 and 2015 Alabama 

Course of Study: Science (ALSDE, 2005; 2015) biology standards were compared and 

analyzed qualitatively for differences. 

 Challenges and supports for teaching evolution were analyzed using analytical 

coding in which challenges and supports were open coded in the survey responses, 

interview transcripts and field notes, and focus group field notes. While open coding 

the data, categories emerged (Glaser & Strauss, 1967; Miles & Huberman, 1994). 

These codes were then grouped into categories (Merriam & Tisdell, 2016). For 

challenges, the categories of religious conflict, knowledge of evolution, generalized 

pushback, misconceptions, time, lack of resources, student engagement, teacher self-

efficacy, and experiences little pushback emerged. The category of religious conflict 

was divided into four sub-categories: personal, student, other teachers, and external 

conflict. The category of knowledge was also divided into sub-categories: teacher, 

school and district administration, ALSDE, and student prior knowledge. During the 

coding of supports the categories of PD, resources and activities, state standards, 
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administration, interactions with other teachers, curriculum and pacing, accountability, 

teach only science, decrease the number of evolution standards, remove disclaimer, 

teach creationism, and teach evolution in earlier grades emerged. Supports within 

these categories were sub-divided into those currently available and those needed.  

Additionally, the PD and resources and activities were further divided into sub-

categories. PD was divided into content, ASIM, pedagogy, classroom conflict, 

standards, LUDA, AP/IB, unspecified PD, and PD for administrators. Resources and 

activities were divided into the sub-categories of lab materials, ASIM, textbooks, field 

trips, A+ College Ready, Alabama Learning Exchange (ALEX), and lists of free 

resources. These categories and sub-categories were quantified to identify challenges 

and supports that were the most influential and important to biology teachers in 

Alabama (Creswell & Plano Clark, 2018; Onwuegbuzie, Dickinson, Leech, & Zoran, 

2009). 

 Document analysis of the 2005 and 2015 Alabama Course of Study: Science 

was conducted to determine how the standards have changed. A crosswalk (i.e., side-

by-side comparison) of the standards for evolution in biology was created to identify 

differences in content and wording of the standards. 

 Sensemaking. Teacher sensemaking for the evolution standards for high 

school biology in the 2015 Course of Study: Science (ALSDE, 2015) was studied 

through purely qualitative means using open-ended questions in the survey, 

interviews, and focus groups. Survey questions 15, 73, 84 and 85, focus group 

questions 3 and 4, and interview questions 6 and 7 were designed to solicit data for 
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teacher sensemaking. This data were deductively coded for sensemaking using the 

framework developed by Ketelaar et al. (2012) as an analytical framework. Data were 

coded into the a priori sensemaking categories of assimilation, accommodation, 

toleration, and distantiation (Hesse-Biber, 2017). The sensemaking codes were also 

divided into the sub-categories of self and others as the teachers discussed both their 

own perspectives and the perspectives of colleagues. Additionally, this data were 

inductively coded, without a priori codes, for reasons why teachers did or did not 

change their teaching practices for evolution since the adoption of the 2015 standards. 

The categories of changes to the standards, AP/IB standards, avoiding religious 

conflict, taught in depth previously, self-efficacy, PD, and increase students’ 

understanding emerged. Changes to the state standards was divided into the 

subcategories of content in the standards, endorsement for the teaching of evolution, 

district curriculum guide, and wording of the standards for application. The data for 

sensemaking were quantified to identify trends in the population and factors that were 

most important in influencing teachers’ sensemaking. 

 Behaviors. Behaviors related to the teaching of evolution studied were 

teaching practices (activities, pedagogy, and content), changes to teaching practices 

(content and pedagogy), and time spent teaching evolution. Quantitative and 

qualitative data were gathered in the survey, interviews, and focus groups for 

behaviors. 

Teaching practices for teaching evolution were studied through quantitative 

and qualitative data. Content topics related to evolution that teachers spend the most 
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time discussing was measured in question 63 (biology teachers) and 77 (life science 

teachers). The respondents were asked to rank the topics from most discussed (1) to 

least discussed (8). The mean and standard deviation were calculated for each topic to 

determine which topics teachers emphasize the most and the least in Alabama. 

Qualitive data for teaching practices used for teaching evolution were gathered in the 

survey (questions 15 and 73), interviews (question 5) and focus groups (question 1). 

Data on teaching practices for evolution were inductively coded through analytical 

coding (Merriam & Tisdell, 2016). The categories of pedagogy, activities, and content 

emerged from this data. The categories were further divided into sub-categories. The 

qualitative data for teaching practices were quantified to identify trends (Creswell & 

Plano Clark, 2018; Onwuegbuzie et al., 2009) in teaching practices.  

Quantitative and qualitative data were gathered on changes to teaching 

practices. Changes to content and pedagogy taught since 2015 were reported in 

questions 13 (biology teachers) and 71 (life science teachers) on a 10-point Likert 

scale with 0 indicating no change and 10 indicated a complete change. If respondents 

indicated changes to their practices in the previous question, they were also asked to 

mark all changes to practices that apply in survey questions 14 (biology teachers) and 

72 (life science teachers). The choices supplied in the item were: ”I spend more time 

on these topics,” “I spend less time on these topics,” “I have eliminated these topics,” 

and “I have changed my activities.” The mean, standard deviation, and frequencies 

were calculated for these data. Changes to teaching practices were also measured 

qualitatively by survey questions 15 (biology teachers) and 73 (life science teachers), 
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focus group question 3, and interview question 6. This data were coded inductively 

allowing for categories to emerge during the open coding process and quantified to 

identify trends. The categories of pedagogy, content taught, no change to practices, 

and more time teaching evolution emerged during the coding process. Changes to 

pedagogy and changes to content taught were divided into sub-categories. 

Time spent teaching evolution was reported in question 65 (biology teachers) 

and 74 (life science teachers) of the survey in which respondents selected 

predetermined range of days devoted to teaching evolution (0-3 days, 4-7 days, 8-14 

days, and 15 or more days). Descriptive statistics were calculated. Additionally, the 

Kruskal-Wallis test was run to identify relationships between time spent teaching 

evolution and internal factors. Pairwise comparisons of means were conducted for 

groups when significant differences were found using Dunn’s test with Bonferroni 

correction. Data on time spent teaching evolution were also gathered in the focus 

groups (question 2) and interviews (question 4) and quantified. 

Interrater reliability. To insure reliability of the coding of the qualitative data, 

interrater reliability was performed on 126 (22%) of data from the open-ended survey 

items, interviews, and focus groups by having a colleague code excerpts identified by 

the researcher using the percent agreement method (McAlister et al., 2018; Syed & 

Nelson, 2015). During this process, the researcher provided the interrater coder with 

the code book for a theme and a subset of excerpts for coding. The code book included 

definitions and examples for categories identified by the researcher. After initial 

coding the researcher and interrater coder discussed the codes resolving disagreements 
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and adding to and refining the codebook as necessary. Recoding occurred after 

refinement. An interrater agreement of 82% was found, which is acceptable for 

research (McAlister et al., 2018; Syed & Nelson, 2015).  

Integration  

The quantitative and qualitative data were integrated during the discussion of 

findings (Fetters et al., 2013). These data were interwoven as individual factors, 

sensemaking, and behaviors were discussed. The qualitative data added context and 

specific details to the quantitative data. 

In regard to individual factors that influence teachers sensemaking for 

evolution, internal factors were investigated through quantitative methods. External 

factors were investigated through quantitative and qualitative methods; however, 

external factors (i.e., post-secondary education, challenges and supports for teaching 

evolution, textbooks) are discussed separately in the findings. Interactions between 

internal and external factors were predominantly investigated through quantitative 

data. Qualitative data were interwoven into the quantitative findings for relationships 

between internal factors and post-secondary education to illustrate relationships 

between these factors perceived by participants in this study.  

Teacher sensemaking for the 2015 standards were investigated through 

qualitative data exclusively. 

Quantitative and qualitative data were integrated to determine teachers’ 

behaviors in response to their sensemaking for 2015 Alabama standards for evolution. 

The degree of change to practices since the adoption of the 2015 standards was 
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reported quantitatively. Then specific changes to practices and reasons for making 

these changes were determined from qualitative data. Qualitative data alone were used 

to describe strategies for teaching evolution. 

Ensuring Rigor and Ethics 

 Mixed methods research has potential for researcher bias. Steps were taken to 

limit bias in data collection and analysis through reliability and validity of the 

quantitative portion of the survey and addressing elements of trustworthiness in the 

qualitative portion of this study. 

Quantitative  

In some instances, measurement errors occur causing researchers to make 

erroneous claims if their instrument is not valid and reliable (Coughlan et al., 2009). 

Prior to beginning the study, the survey was evaluated by content and survey design 

experts and was piloted with individuals (N=2) that were representative of the target 

population to ensure validity (Coughlan et al., 2009; Creswell & Creswell, 2018). 

The survey used in this study consists primarily of items that have been 

determined to be reliable and valid in previous studies. However, the reliability and 

validity of the instrument must be reestablished (Coughlan et al., 2009; Creswell & 

Creswell, 2018). The entirety of one survey from the literature was not used. Instead 

individual items and subsets of items were taken from several surveys. Additionally, 

some of the items were previously administered to a different cultural group 

(Coughlan et al., 2009; Creswell & Creswell, 2018). 
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Reliability. Reliability refers to the consistency and repeatability of the data 

collected with an instrument (Coughlan et al., 2009; Creswell & Creswell, 2018; Field, 

2014). Internal consistency was measured by calculating Cronbach’s alpha (α) values 

which range from 0 to 1. Internal consistency is best when between .7 and .9 

(Coughlan et al., 2009; Creswell & Creswell, 2018). Cronbach’s alpha (α) values were 

calculated for each of the subscales taken from EALS-sf (Hawley & Short, 2013).  For 

each EALS-sf subscale of the survey, they were found to be: .84 for political activity, 

.97 for religious activity, .87 for ID fallacies, .90 for distrust of science, .90 for 

relevance of evolution, .75 for genetic literacy, .54 for knowledge of evolution, .79 for 

evolution misconceptions, and .74 for knowledge of science.  

 Validity. For an instrument to be valid, it must have internal validity, as well 

as, external validity (Coughlan et al., 2009; Creswell & Creswell, 2018; Field, 2014). 

Most of the items included in the survey have been determined to have criterion and 

content validity in the studies in which they were originally developed (Nehm et al., 

2009; Rutledge & Mitchell, 2002; Short & Hawley, 2012; Zimmerman, 1987). 

External validity, the measure of how well the findings can be generalized to the larger 

population, is dependent to how participants are selected for the study (Coughlan et 

al., 2009). Participants were solicited from across the state of Alabama through a 

variety of avenues in an effort to reduce coverage error. Coverage error occurs when 

some members of the population have a zero chance of being included in the sample 

(Stern, Bilgen, & Dillman, 2014). Multiple contacts via follow up emails were set to 

potential participants to reduce nonresponse error. Item nonresponse error was reduced 
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through the use of items written with clear and concise wording (Coughlan et al., 

2009). Additionally, items were randomized in the survey for each participant to 

reduced having the predominance of items being for items that appeared at the 

beginning of the survey.  

 The survey was field tested by a high school biology teacher and a seventh-

grade life science teacher. One of these participants reported having difficulty 

understanding an item about how scientific theories can be used to make predictions. 

To resolve this issue, an example added beneath the item. The other participant 

reported wanting to provide more explanation for their reasoning particularly the 

influence of religion on their instructional decisions. To accommodate this request 

without specifically asking participants to expand upon their religion, an open-ended 

item was added at the end of the survey asking for any additional comments the 

participant may want to share. 

Qualitative  

Interpretation of qualitative data can be susceptible to researcher bias as the 

researcher can easily introduce personal views (Hesse-Biber, 2017; Krefting, 1991). 

The researcher employed a number of methods to reduce bias in the study’s findings 

and establish trustworthiness. To ensure credibility, this study was conducted using 

established researcher methods, data were coded using sensemaking theory, only 

willing participants were sampled, and peers were asked to scrutinize the study 

(Fowler, 2013; Shenton, 2004).  Protocols for conducting semi-structured interviews 

and focus groups were developed as described by Hesse-Biber. Some of the questions 
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were taken as written or modified from the literature (Moore & Kraemer, 2005; 

Rutledge & Mitchell, 2002; Trani, 2004). Qualitative data were coded using the 

constructs within the analytical framework for teacher sensemaking described by 

Ketelaar et al. (2012). A fellow graduate student and dissertation committee members 

were asked to review and critique data interpretation and findings. Transferability was 

addressed through acknowledgement of the limitations of the study.  Dependability 

was addressed by including detailed description of methodology, comparing 

qualitative and quantitative data, and using the code-recode strategy for analyzing 

data. Confirmability was established through disclosure of the researcher’s personal 

biases, shortcomings of the methodology that may have influenced the study, and 

comparing qualitative and quantitative data. Additionally, the researcher reflexively 

journaled and created an audit trail to document methodological and analysis choices 

throughout the study (Fowler, 2013; Shenton, 2004). 
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CHAPTER IV 

RESULTS 

Introduction 

The present study sought to explore factors that influenced sampled biology 

teachers’ sensemaking for Alabama’s 2015 science standards for evolution and their 

subsequent choices for teaching practices for evolution. Quantitative and qualitative 

data were sourced and analyzed from 143 participants using a survey (N=114), 

interviews (N=10), three focus groups (N=19) with field notes to elucidate the factors 

that influence individual teachers’ sensemaking and practices, how teachers made 

sense of the 2015 standards for evolution, and how the teachers’ interpreted the 

standards into practices in their classrooms.  

Individual Factors 

 An individual’s sensemaking for standards and perspectives about evolution 

have been shown to be influenced the individual’s personal knowledge, understanding, 

experience, and social interactions (Coburn, 2001; Ketelaar et al., 2012; Spillane et al., 

2002). For the purposes of the present study these factors have been grouped as 

internal and external factors (see Figure 2).  

Internal factors  

Data were gathered using the survey about internal factors that may affect 

acceptance of evolution and beliefs about evolution education. Internal factors 

included acceptance of evolution, knowledge and relevance (relevance of evolution, 

genetic literacy, knowledge of evolution, and knowledge of science), misconceptions 
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about evolution, beliefs (scientists consider evolution to be a valid theory, religious 

conflict experienced, and creationist attitudes), and attitudes (political and religious 

activity). Internal factors such as these can influence sensemaking among teachers 

(Ketelaar et al., 2012). 

 The respondents included individuals from across the spectrum of acceptance 

of evolution; however, 46% of respondents consider evolution to be a valid scientific 

theory as seen in Figure 6.  

 

Figure 6. Frequency of Alabama biology teachers’ (N=52) level of acceptance of 

evolution as a valid scientific theory (1=invalid theory; 7=valid theory). 

 

Table 6 displays the means and standard deviations for the internal factors measured in 

the survey. 
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Table 6. 

 

Means and Standard Deviation for Internal Factors, Sourced from Survey of 

Alabama Biology Teachers. 

 Mean SD 

Acceptance of evolution, N=52 5.13 2.26 

Belief that scientists consider evolution a valid theory, N=57 5.60 1.71 

Level of person conflict between religion and evolution, N=50 2.74 1.99 

Political activity, N=50 3.61 1.34 

Religious activity, N=55 4.83 2.06 

Creationists attitudes, N=38 2.38 1.51 

Knowledge/Relevance, N=32 6.06 .76 

Misconceptions held about evolution, N=46 2.47 1.58 

 

As seen in Table 7, it was found that acceptance of evolution significantly correlated 

to level of religious conflict, religious activity, creationist attitudes, and 

knowledge/relevance of science and evolution. The results of the Spearman correlation 

indicated that there was a significant negative correlation between acceptance of 

evolution and personal conflict with religion (r(48) = -.633, p< .001), religious activity 

(r(47) = -.530, p < .001), and creationist attitudes (r(35) = -.706, p < .001). These findings 

indicated that as the acceptance of evolution increases, conflict with religion, religious 

activity, and creationist attitudes decrease. The results of the Spearman correlation 

also indicated that there was a significant positive association between acceptance of 

evolution as a valid theory and the knowledge and relevance higher order factor (r(32) = 

.361, p < .042) which included subscales measuring knowledge of science and 

evolution as well as perceived relevance of evolution. These findings indicate as 

acceptance of evolution increases perceived relevance of evolution and knowledge of 

evolution and science increase.
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Table 7. 

 

Correlations Between Acceptance of Evolution and Internal Factors. 

 1 2 3 4 5 6 7 8 

1. Acceptance level for evolution  .165 -.633** -.012 -.530** -.706** .361* -.134 

 52 48 44 47 35 32 39 

2. Belief that scientists consider  

    evolution a valid scientific theory  

      -.319* .235 -.101 -.525** .535** -.054 

  49 45 49 35 32 40 

3. Level of personal conflict  

    between religion and evolution 

   -.027 .485** .830** -.527** .208 

   43 47 35 32 41 

4. Political activity 

 

    .024 -.009 .213 -.353* 

    45 36 31 40 

5. Religious activity 

 

     .618** -.133 .227 

     35 31 41 

6. Creationist Attitudes 

 

      -.733** .423* 

      28 35 

7. Knowledge/Relevance 

 

       -.600** 

       31 

8. Misconceptions held about  

      evolution 

        

        

Note: Correlations with these variables are Spearman’s rank correlation (rho) coefficients. Values range from 0 to 1. 

* p<.05 and **p<.01. Sample size is listed below the correlation coefficients. 
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 The belief that most scientists consider evolution to be a valid scientific theory 

correlated negatively with religious conflict and creationist attitudes and positively 

with knowledge and relevance (Table 7). Results of the Spearman correlation 

indicated significant negative correlations between the belief that scientists consider 

evolution to be valid and  religious conflict (r(49) = -.319, p = .026) and creationist 

attitudes (r(35) = -.525, p = .001) indicating that these factors decreased as the belief that 

scientists consider evolution valid increased. Results of the Spearman correlation also 

indicated a significant positive association between the belief that scientists consider 

evolution valid and knowledge and relevance (r(32) = -.527, p = .002); as the belief that 

scientists consider evolution to be a valid theory increased, so did respondents’ 

knowledge of science and evolution and perceived relevance of evolution.   

Level of personal conflict between evolution and religion correlated with 

religious activity, creationist attitudes, and knowledge and relevance in addition to 

acceptance of evolution and the belief that scientist consider evolution to be a valid 

theory. Results of the Spearman correlation indicated that there was a significant 

positive association between religious conflict and religious activity (r(47) = .485, p = 

.001) and creationist attitudes (r(35) = .830, p > .001), as religious conflict increased, so 

did religious activity and creationists attitudes. Results of the Spearman correlation 

also indicated that there was a significant negative association between religious 

conflict and knowledge and relevance (r(32) = -.527, p = .002); as religious conflict 

experienced increased, knowledge and perceived relevance of evolution and science 

reduced.  



Texas Tech University, Carolanne Grogan, May 2020 

74 

 Significant correlations were also found between subscales and the high order 

factors of creationist attitudes and knowledge/relevance (Table 7). The significant 

negative correlation between political activity and misconceptions held about 

evolution (r(40) = -.353, p = .025) indicates that as political active the teacher is, the 

fewer misconceptions s/he holds. Results of the Spearman correlation indicated 

significant positive association between religious activity and creationist attitudes (r(35) 

= .618, , p > .001) indicating that the more religiously active the teacher is the more 

creationist attitudes s/he holds. Results of the Spearman correlation indicated that 

there was a significant negative association between creationist attitudes and 

knowledge and relevance (r(28) = -.733, p > .001) indicating that those who held more 

creationist attitudes had less knowledge and perceived relevance of science and 

evolution. Results of the Spearman correlation indicated a significant positive 

association between creationist attitudes and misconceptions about evolution (r(35) = 

..423, p = .011) indicating that those who held more creationist attitudes also held 

more misconceptions about evolution. Results of the Spearman correlation indicated 

that there was a significant negative association between the higher order factor of 

knowledge and relevance and misconceptions about evolution (r(31) = -.600, p > .001) 

indicating that as respondents’ knowledge and perceived relevance increased the 

misconceptions about evolution decreased. 

External Factors  

Factors external to individual teachers that may influence their sensemaking 

for the standards for evolution and practices for teaching evolution include the state 
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science standards, post-secondary education, challenges and supports for teaching 

evolution, and textbooks provided by their school district. 

 Alabama science standards for evolution. The 2015 Alabama science 

standards were influenced by NGSS which caused a change in the standards for 

evolution for high school biology. The evolution objectives in the 2005 standards were 

two out of the 16 objectives for high school biology (ALSDE, 2005). The evolution 

standards were expanded to being 4 of the 16 standards in the 2015 Alabama science 

standards (ALSDE, 2015). The evolution standards make up the Unity and Diversity 

section of the 2015 standards. A crosswalk was created to compare evolution 

standards/objectives in the 2005 and 2015 Alabama Course of Study: Science 

(ALSDE, 2005; 2015) for high school biology seen in Figure 8.  
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2015 Standards Related to Evolution Correlating 2005 Standards 

COS 13. Obtain, evaluate, and 

communicate information to explain 

how organisms are classified by 

physical characteristics, organized into 

levels of taxonomy, and identified by 

binomial nomenclature (e.g. taxonomic 

classification, dichotomous keys). 

 

a. Engage in argument to justify 

the grouping of viruses in a 

category separate from living 

things. 

COS 9. Differentiate between the previous 

five-kingdom classification systems 

• Sequence taxa from most inclusive 

to least inclusive in the 

classification of living things 

• Identifying organisms using a 

dichotomous key 

• Identifying ways in which 

organisms from Monera, Protista, 

and Fungi kingdoms are beneficial 

• Justifying the grouping of viruses 

in a category separate from living 

things 

• Writing scientific names by using 

binomial nomenclature 

 

COS 14. Analyze and interpret data to 

evaluate adaptations resulting from 

natural and artificial selection that may 

cause changes in populations over time 

(e.g., antibiotic-resistant bacteria, beak 

types, peppered moths, pest-resistant 

crops). 

 

 

 

 

 

 

COS 12. Describe protective adaptations 

of animals, including mimicry, 

camouflage, beak type, migration, and 

hibernation 

• Identifying ways in which the 

theory of evolution explains the 

nature and diversity of organisms 

• Describing natural selection, 

survival of the fittest, geographic 

isolation, and fossil record 

  

COS 15. Engage in argument from 

evidence (e.g., mathematical models 

such as distribution graphs) to explain 

how the diversity of organisms is 

affected by overpopulation of species, 

variation due to genetic mutations, and 

competition for limited resources. 

COS 16. Analyze scientific evidence 

(e.g., DNA, fossil records, cladograms, 

biogeography) to support hypotheses 

of common ancestry and biological 

evolution. 

 

Figure 7. Crosswalk comparing evolution standards for high school biology in the 

2015 Alabama Course of Study: Science to the 2005 Alabama Course of Study: 

Science. 
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 Comparison of the 2005 and 2015 standards (ALSDE, 2005, 2015) shows that 

the 2015 standards are more application based, using language such as, engage in 

argument from evidence and analyze scientific evidence, than the 2005 standards. The 

2005 standards focused more on content to be conveyed to student, using language 

such as, identifying and describe. Half of the standards related to evolution in the 2005 

standards focused on classification of organisms; whereas, a fourth of the 2015 

standards focus on classification. The 2015 standards are more detailed for the content 

and performance expectations. The wording of the 2005 standards are ambiguous 

leaving some areas open for interpretation by educators. The 2005 standards place less 

focus on the theory of evolution by including it as a subtopic under the objective for 

adaptations (COS 12). Additionally, the same standard includes a bullet that just lists 

other concepts related to evolution that students should be able to describe. Most of 

those concepts are included in the 2015 standards (COS 14 and 16) but are placed in 

context. 

Educational background. Data collected in the survey were analyzed for the 

effects of the external factor of science course work on acceptance of evolution and 

internal factors associated with acceptance of evolution. The data were analyzed for 

trends associated with biology credit hours and evolution courses taken post-

secondarily. 

Analysis indicates that the number of post-secondary biology credit hours 

taken by respondents did not affect acceptance of evolution, the belief that scientists 

accept evolution as a valid theory, personal religious conflict experienced with 
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evolution, creationist attitudes, or knowledge of science and evolution and perceived 

relevance as seen in Table 8.  

Table 8. 

 

Comparison of Post-secondary Biology Credit Hours (df=3) by Internal Factors. 

Internal Factors          Kruskal-Wallis Test 

 H(3) p 

Acceptance of evolution, N=52 1.587 0.662 

Scientists accept evolution as valid, N= 57 4.192 0.241 

Personal religious conflict, N=50 1.551 0.671 

Creationist attitudes, N=38 .997 0.802 

Knowledge/relevance, N=32 3.759 0.289 

Misconceptions about evolution, N=46 8.673 0.034 

Note: Biology credit hours were measure ordinally as 3-12 hours, 13-24 hours, 

25-40 hours, and over 40 hours. 

 

However, significant differences were found between distributions for misconceptions 

held for evolution based on the number of biology credit hours taken, H(3)= 8.673, p = 

.034. Pairwise comparison of means for misconceptions held by biology credit hours 

taken showed no significant differences between groups. However, those who took 13-

24 biology credit hours likely hold more misconceptions about evolution than those 

who took over 40 biology credit hours based on comparison of the effect size (z = 

2.24, r = .37, p = .070).  

These findings indicate that the number of biology credit hours taken post-

secondary have little, if any, effect on internal factors related to evolution including 

acceptance, knowledge of evolution, and creationist beliefs held by respondents. 

However, participants do believe that post-secondary education is important to having 

a better understanding of evolution and, thus, being better equipped to teach evolution. 
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An interview participant (female, 7 years of experience teaching biological sciences) 

shared: 

there needs to be courses available for teachers during the summer, to 

take maybe, maybe free, go sit in on an evolution class at one of the 

university, go take an actual evolution course, because most people that 

get a biology degree never took evolution, there's a lot of universities 

where you can get a bio degree, and you don't have to take a course in 

evolution. And which is crazy to me, but it's true. And so there's a lot of 

people out there teaching biology, that maybe a don't even have a 

biology degree. But if they do, they might have only covered evolution 

in their 101, 102 class when they were a freshman. And they were just 

concerned with the fact that they were able to go out to bars. So I think 

the teachers need the opportunity to go to these classes and take these 

classes. And for a lot of people there might need to be incentives placed 

on it, because they might still be closed off to learning the concepts, 

themselves.1  

 

Another survey respondent (female, 5 years of experience teaching biological 

sciences) wrote: 

I have a Masters degree in Biology so therefore I truly understand 

Biology. I think some/a lot of teachers don’t actually understand 

evolutionary concepts and end up perpetuating misinformation and 

misconceptions.2  

 

These participants’ responses indicated the belief that having more education 

specifically in biology increases their personal understanding of evolution and will do 

the same for other teachers. They believed that through providing teachers with more 

biology and/or evolution courses teachers will be better able to teach evolution 

accurately. 

The survey data were also analyzed effects of taking an evolution course post-

secondarily on internal factors. Table 9 shows the results of Mann-Whitney analysis 

finding differences for the internal factors of creationist attitudes, relevance of 
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evolution, and genetic literacy between respondents who took an evolution course and 

those who did not.  

Table 9. 

 

Comparison of internal factors related to acceptance of evolution and the 

taking of a course evolution course in post-secondary. 

Internal Factor Median U p r 

Acceptance of evolution, N=52 2.00 417.0 .089 -.24 

Belief that most scientists accept evolution, 

N=57 

 

6.00 

 

364.0 

 

.588 

 

-.07 

Creationist Attitudes, N=38 2.00 283.5 .001 .51 

Knowledge/Relevance, N=32 6.36 83.5 .158 -.25 

Perceived relevance of evolution, N=55 5.80 184.0 .002 -.42 

Genetic Literacy, N=42 6.25 138.5 .035 -.32 

Knowledge of evolution, N=57 6.60 296.5 .082 -.23 

Misconceptions about evolution, N=45 2.00 295.0 .262 .17 

Knowledge of science, N=41 6.75 174.0 .417 -.13 

Note: Comparisons between groups (took an evolution course and did not 

take an evolution course) were analyzed using the Mann-Whitney Test. 

 

Specifically, creationist attitudes held by respondents were greater for those who had 

not taken an evolution course (mean rank= 25.68) than for those who had taken an 

evolution course (mean rank= 14.50), U=283.5, p = .001, r=.51. The higher order 

factor of knowledge and relevance was not significantly affected by the taking of an 

evolution course; however, subscales within this factor were significantly affected. 

Perceived relevance of evolution was lower for those who did not take an evolution 

course (mean rank= 19.86) compared to those who did take an evolution course (mean 

rank= 33.42), U=182.0, p = .002, r=-.42. Additionally, genetic literacy was lower for 

those who did not take an evolution course (mean rank= 17.42) compared to those 

who did (mean rank= 25.20), U=138.5, p = .035, r=-.32. These findings suggest that 

pre-service evolution course work affected respondents’ understanding of evolution 
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(i.e., genetic literacy, creationist attitudes, and perceived relevance of evolution). 

Notably, taking an evolution course did not significantly affect knowledge of 

evolution, misconceptions held, and knowledge of science. 

Challenges perceived by Alabama biology teachers for teaching evolution. 

Alabama biology teachers reported a variety of challenges to the teaching of evolution 

in their classes including religious conflict (personal, student, and external) and lack of 

knowledge of understanding by other teachers and administrators. 

 Survey data. Table 10 shows knowledge of evolution (N=18, 38%) and 

religious conflict (N=18, 38%) were the most commonly noted challenges to teaching 

evolution in the survey data.  

Table 10. 

 

Observed Frequencies of Perceived Challenges to Teaching Evolution in Survey 

Open-ended Item data (N=47) from Alabama High School Biology Teachers. 

Challenges to teaching evolution perceived 

by Alabama High School Biology Teachers  

 

Sub-category 

Knowledge 

   (N=18, 38% of Challenges) 

Teacher (content and/or pedagogy) 

   (N= 15, 83% of category) 

 School and District Administration 

   (N=2, 11% of category) 

 Alabama State Department of    

   Education (N=1, 6% of category) 

Religious conflict 

   (N=18, 38% of Challenges) 

External (parents, administration,   

   community)   

   (N=7, 39% of category) 

 Students     

   (N=5, 28% of category) 

 Other teachers    

   (N=4, 22% of category) 

 Personal     

   (N=2, 11% of category) 

Lack of resources 

   (N=5, 11% of Challenges) 
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Table 10, Continued  

Misconceptions about evolution 

   (N=4, 9% of Challenges) 

 

Generalized pushback 

   (N=1, 2% of Challenges) 

 

Time 

   (N=1, 2% of Challenges) 

 

 

Within the knowledge of evolution category, respondents referred to teachers’ 

knowledge of content and/pedagogy (N=15, 83%), school and district administrators’ 

knowledge of evolution (N=2, 11%), and ALSDE’s knowledge of evolution (N=1, 

6%) as being hindrances to teaching evolution in Alabama. The most frequently 

referenced challenge within the religious conflict category was from external sources 

(parents, administrators, and community) (N=7, 39%). Additionally, two respondents 

(22%) expressed personal conflict with teaching evolution for religious reasons.3,4 

Respondents also cited lack of resources (N=5, 11%), misconceptions about evolution 

(N=4, 9%), lack of time (N=1, 2%), and general resistance to the teaching of evolution 

(N=1, 2%) as being challenges. 

 Interview data. In the interview data, religious conflict (N=18, 39%) and 

knowledge of evolution (N=20, 18%) were also the two most common challenges 

noted as seen in Table 11. Participants predominately reported challenges due to 

conflicts with religion coming from students (N=26, 60%). They also described 

challenges from external sources (N=8, 19%), other teachers (N=5, 12%), and 

personal religious conflict (N=4, 9%). The challenge of knowledge of evolution was 

predominantly identified as teacher lack of knowledge (N=17, 85%). 

 



Texas Tech University, Carolanne Grogan, May 2020 

83 

 

Table 11. 

 

Observed Frequencies of Perceived Challenges to Teaching Evolution in Interview 

Transcripts and Field Notes Data (N=110) from Alabama High School Biology 

Teachers. 

Challenges to teaching evolution 

perceived by Alabama High School 

Biology Teachers  

 

 

Sub-category 

Religious conflict 

   (N=43, 39% of Challenges) 

Students (N=26, 60% of category) 

 External (parents, administration,  

   community) (N=8, 19% of category) 

 Other teachers (N=5, 12% of category) 

 Personal (N=4, 9% of category) 

Knowledge 

   (N=20, 18% of Challenges) 

Teacher (content and/or pedagogy) 

   (N= 17, 85% of category) 

 Student prior knowledge 

   (N=3, 15% of category) 

Generalized pushback 

   (N=11, 10% of Challenges) 

 

Little pushback 

   (N=9, 8% of Challenges) 
 

Misconceptions about evolution 

   (N=8, 7% of Challenges) 

 

Time 

   (N=8, 7% of Challenges) 

 

Student engagement 

   (N=5, 5% of Challenges) 

 

Lack of resources 

   (N=3, 3% of Challenges) 

 

Self-efficacy for teaching evolution or    

   managing resistance to evolution 

   (N=3, 3% of Challenges) 

 

 

A participant (female, 7 years of experience teaching biological sciences) expressed 

her concerns about many life science teachers in Alabama lacking knowledge of 

content and pedagogy for teaching evolution when she shared: 
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in general, I think one of the biggest downfalls for teaching evolution in 

our state is the fact that a lot of the people who are supposed to teach it 

don't fully understand it.5 

 

I think they don't have the answers. They don't, they don't have the 

tools that they need. When a student confronts them with specific 

pointed questions.6  

 

In addition, a lack of student prior knowledge (N=26, 60% of the lack of knowledge 

category) was referenced. Students in general high school biology should have learned 

some of the evolutionary concepts in seventh grade life science (ALSDE, 2005, 2015). 

Participants noted that some of their students were likely not taught evolution in their 

prior life science classes. 

 Other challenges to teaching evolution experienced by interview participants 

included general pushback, lack of time, student engagement with the concept, and 

self-efficacy for teaching evolution and managing resistance from students (Table 11). 

Most interview participants (9 of 10) indicated that they are currently 

experiencing few challenges from students or external sources (Table 11). Eight 

percent of these utterances (N=9) related to challenges were coded for experiencing 

little pushback. Some of the participants reported never experiencing pushback while 

some reported experiencing less pushback in recent years or at different schools. One 

participant (male, 8 years of experience teaching biological sciences) indicated 

experiencing less pushback when teaching evolution from students than he expected 

when he shared: 

Surprisingly, little [pushback]. I've had students say things like, my 

mom said, I don't need to listen to anything you say about this. But 

that's the only been maybe two students that have directly opposed. 

others have voiced a few concerns, but just sort of in passing more out 
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of curiosity or interest. And I've had some that want to directly know 

what I believe. And depending on the context, you know, I can answer 

that may or may not answer the question. But as far as difficulty 

teaching, and students being resistant to the information, I've had very 

little…7 

 

 Focus group data. The most frequently mentioned challenge to teaching 

evolution in the focus groups was religious conflict (N=14, 38%) predominantly from 

students (N=7, 50% of category) and external sources (N=5, 36% of category) as seen 

in Table 12.  

Table 12. 

 

Observed Frequencies of Perceived Challenges to Teaching Evolution in Focus 

Group field notes data (N=36) from Alabama High School Biology Teachers. 

Challenges to teaching evolution 

perceived by Alabama High School 

Biology Teachers  

 

 

Sub-category 

Religious conflict 

  (N=14, 39% of Challenges) 

Students (N=7, 50% of category) 

 External (parents, administration, 

community) (N=5, 36% of category) 

 Other teachers (N=1, 7% of category) 

 Personal (N=1, 7% of category) 

Generalized pushback 

  (N=6, 17% of Challenges) 
 

Misconceptions about evolution 

  (N=5, 14% of Challenges) 
 

Knowledge 

  (N=4, 11% of Challenges) 

Teacher (content and/or pedagogy) 

  (N= 2, 50% of category) 

 Student prior knowledge 

  (N=2, 50% of category) 

Little pushback 

  (N=3, 8% of Challenges) 

 

Student engagement 

  (N=2, 5% of Challenges) 

 

Self-efficacy for teaching evolution or 

managing resistance to evolution 

  (N=1, 3% of Challenges) 

 

Time (N=1, 3% of Challenges)  
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Other challenges experienced by participants included general pushback (N=6, 17%), 

lack of knowledge by teachers and students (N=4, 11%), misconceptions about 

evolution (N=5, 14%), student engagement (N=2, 5%), lack of time (N=1, 3%), and 

self-efficacy for teaching evolution and managing resistance to learning evolution 

(N=1, 3%). Participants also discussed experiencing little pushback when teaching 

evolution ever or less in recent years (N=3, 8%).  

Summary of Data. Two major categories emerged across data sources for 

challenges for teaching evolution: religious conflict (N=75, 38%) and knowledge of 

evolution (N=44, 22%) as seen in Table 13. Experiencing little pushback for teaching 

evolution was observed in focus group and interview data making up 13% (N=25) of 

the utterances coded for challenges. It is possible that the absence of pushback was not 

observed in survey data because respondents did not answer the item about challenges 

if they were not experiencing challenges. Therefore, experiencing little pushback for 

evolution may be more common than this data indicates. 
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Table 13. 

 

Summary Statistics of Observed Frequencies of Challenges to the Teaching of 

Evolution Sourced from Open-ended Surveys, Focus Group and Field Notes, and 

Interviews and Field Notes from Sampled (N=208) Alabama High School Biology 

Teachers. 

 Sampled Alabama High School Biology Teachers 

Challenges to teaching evolution 

perceived by Alabama High 

School Biology Teachers 

Open-ended 

Survey 

(N=47) 

Focus Group 

& Field 

Notes (N=36) 

Interviews &  

Field Notes 

(N=125) 

Religious Conflict 

   (N=75, 38% of Challenges) 

 

           18, 38% 

 

14, 39% 

 

43, 34% 

Knowledge of Evolution 

   (N=44, 22% of Challenges) 

 

18, 38% 

 

4, 11% 

 

22, 18% 

Little Pushback 

   (N=25, 13% of Challenges) 
 

0, 0% 
 

3, 8% 
 

22, 18% 
Generalized Pushback 

   (N=18, 9% of Challenges) 

 

1, 2% 

 

6, 17% 

 

11, 9% 

Misconceptions about    

   Evolution  

   (N=17, 8% of Challenges) 

 

 

4, 9% 

 

 

5, 14% 

 

 

8, 6% 

Time (N=10, 5% of Challenges) 1, 2% 1, 3% 8, 6% 
Lack of Resources 

   (N=8, 4% of Challenges) 
 

5, 11% 
 

0, 0% 
 

3, 2% 

Student Engagement 

   (N=7, 4% of Challenges) 

 

0, 0% 

 

2, 5% 

 

5, 4% 

Self-efficacy for Teaching    

   Evolution or Managing  

   Resistance to Evolution   

   (N=4, 2% of Challenges) 

 

 

 

0, 0% 

 

 

 

1, 3% 

 

 

 

3, 2% 

 

Supports Alabama biology teachers have and need for teaching evolution. 

Teachers need a variety of supports for teaching content and skills in their classes 

including materials, training or professional development, and feeling supported in 

their teaching by the state, administrators, and co-workers. Participants responded to 

open-ended questions in the survey, interviews, and focus groups about the supports 

they have and need for teaching evolution. 
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 Survey data. Supports that are needed (N=56, 70%) were more frequently 

referenced in the survey data than supports currently available to teachers (N=24, 

20%). Supports for teaching evolution primarily observed were PD (N=22, 28%), 

school administration (N=12, 15%), and resources and activities (N=9, 11%) as seen 

in Table 14.  

Table 14. 

 

Observed Frequencies of Supports for Teaching Evolution in Open-ended Survey 

Items (N=80) from Alabama High School Biology Teachers. 

Supports for teaching evolution perceived by 

Alabama High School Biology Teachers  

Available 

(N=24) 

Needed 

(N=56) 

Professional Development (N=22, 28% of Construct) 5, 19% 17, 30% 

Administration (school and district) 

   (N=12, 15% of Construct) 
 

3, 13% 
 

9, 16% 

Resources and Activities (N=12, 15% of Construct) 6, 25% 6, 11% 
Alabama Science Standards (N=9, 11% of Construct) 9, 38% 0, 0% 

Interactions with other Teachers  

   (N=6, 8% of Construct) 

 

0, 0% 

 

6, 11% 

Accountability (N=6, 8% of Construct) 0, 0% 6, 11% 

Teach Evolution in Earlier Grades 

   (N=5, 6% of Construct) 

 

0, 0% 

 

5, 9% 

Teaching Only Science (N=3, 4% of Construct) 0, 0% 3, 5% 

Curriculum and Pacing (N=2, 3% of Construct) 1, 4% 1, 2% 

Change Alabama Science Standards to Decrease    

   Evolution Content (N=1, 1% of Construct) 

 

0, 0% 

 

1, 2% 

Remove Disclaimer from Textbooks 

   (N=1, 1% of Construct) 

 

0, 0% 

 

1, 2% 

Teaching Creationism (N=1, 1% of Construct) 0, 0% 1, 2% 

 

The most commonly observed supports for teaching evolution currently 

available were the Alabama science standards (N=9, 38%) and resources and activities 

(N=6, 25%) (Table 14). PD (N=5, 19%), curriculum and pacing resources (N=2, 4%), 

and support from school and district administration (N=3, 13%) were also observed.   
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The most commonly observed resources needed for teaching evolution were 

PD (N=17, 30%) and support of school and district administration (N=9, 16%) (Table 

14). Other needed resources observed included resources and activities, interactions 

with other teachers, accountability, the teaching of evolution in early grades, only 

allowing science to be taught in biology, and removing the disclaimer form the 

textbooks.  

Additionally, some respondents indicated that having to teach evolution was a 

burden and requested support that would decrease this burden and align with their 

beliefs. A respondent (female, 9 years of experience teaching life sciences) requested 

that that evolution be removed from the standards when she wrote, “ALSDE can 

remove standard from the course of study. I feel that there are more important topics 

that need to [be] learned in biology.”8 This request appeared to be tied to resistance 

from students that she experienced when teaching evolution based on her response to 

another survey question: 

I have had to spend more time getting the students to be open to 

learning evolution. The misunderstanding of the word makes them 

nervous because of their religious beliefs. With the extra emphasis on 

evolution, I have to be extra creative with presenting the information. I 

usually don’t use the word evolution until we are deep into the topic.9 

 

Another respondent (female, 3 years of experience teaching life sciences) requested 

support for teaching creationism in the form of training provided by her school.10 

 Interview data. Supports currently available and needed were observed in 

equal amounts in the interview data as seen in Table 15. PD (N=47, 50%) and 
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resources and activities (N=29, 31%) were the most frequently observed supports for 

teaching evolution. 

Table 15. 

 

Observations Frequencies of Constructs of Supports for Teaching Evolution 

in Interviews and Field Notes Data from Alabama High School Biology 

Teachers (N=94). 

Supports for teaching evolution perceived 

by Alabama High School Biology Teachers  

Available 

(N=47) 

Needed 

(N=47) 

Professional Development 

   (N=47, 50% of Construct) 

 

14, 30% 

 

33, 70% 

Resources and Activities 

   (N=29, 31% of Construct) 
 

 23, 49% 
 

6, 13% 
Curriculum and Pacing 

   (N=5, 5% of Construct) 
 

3, 6% 
 

2, 4% 

Interactions with Other Teachers 

   (N=5, 5% of Construct) 

 

1, 2% 

 

4, 9% 

Administration (school and district) 

   (N=3, 3% of Construct) 

 

3, 6% 

 

0, 0% 

Alabama Science Standards 

   (N=3, 3% of Construct) 

 

3, 6% 

 

0, 0% 

Accountability 

   (N=1, 1% of Construct) 

 

0, 0% 

 

1, 2% 

Teach Evolution in Earlier Grades 

   (N=1, 1% of Construct) 

 

0, 0% 

 

1, 2% 

 The most frequently observed currently available supports for teaching 

evolution were resources and activities (N=23, 49%) and PD (N=14, 30%) (Table 15). 

Other currently available supports observed were curriculum and pacing resources 

(N=3, 6%), interactions with other teachers (N=1, 2%), support from school and 

district administration (N=3, 6%), and the Alabama science standards (N=3, 6%).  

 The most commonly observed support needed was PD (N=33, 70%) (Table 

15). Other needed supports observed were resources and activities, curriculum and 
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pacing resources, interactions with other teachers, accountability, and teaching 

evolution in earlier grades. 

 Focus group data. Supports currently available were observed more frequently 

(N=20, 65%) than supports needed (N=11, 35%) in the focus group data as seen in 

Table 16.  

Table 16. 

 

Observations Frequencies of Constructs of Supports for Teaching Evolution in 

Focus Group and Field Notes Data (N=31) from Alabama High School Biology 

Teachers. 

Supports for teaching evolution perceived by 

Alabama High School Biology Teachers  

Available 

(N=20) 

Needed 

(N=11) 

Professional Development 

   (N=18, 58% of Construct) 

 

9, 45% 

 

9, 82% 

Resources and Activities 

   (N=6, 19% of Construct) 

 

6, 30% 

 

0, 0% 

Alabama Science Standards 

   (N=3, 10% of Construct) 
 

3, 15% 
 

0, 0% 

Curriculum and Pacing 

   (N=3, 10% of Construct) 

 

1, 5% 

 

2, 18% 

Accountability 

   (N=1, 3% of Construct) 

 

  1, 5% 

 

0, 0% 

 

PD (N=18, 58%) was the most frequently referenced support for teaching 

evolution. PD (N=9, 45%) and resources and activities (N=6, 30%) were the most 

frequently observed currently available supports for teaching evolution. Other 

currently available supports observed were the Alabama science standards, curriculum 

and pacing resources, and accountability. PD (N=9, 82%) and curriculum and pacing 

resources (N=2, 18%) were the only needed supports observed for teaching evolution 

in the focus group data.  
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Summary of Data. Across sources of data supports needed were observed 

most frequently (N=59, 56%) as seen in Table 17. PD was the most frequently 

observed (N=87, 42%) support needed and currently available. This finding indicates 

either PD opportunities are not readily available across the state or the participants 

need PD in addition to those opportunities currently available.    

Table 17. 

 

Summary Statistics of Observed Frequencies of Supports for Teaching Evolution Sourced 

from Open-ended Survey Items, Focus Group and Field Notes, and Interviews and Field 

Notes from Sampled (N=205) Alabama High School Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Supports for 

teaching evolution  

Open-ended Survey 

(N=80) 

Focus Group and  

Field Notes (N=31) 

Interviews and  

Field Notes (N=94) 

Available 

                                     (N=24) 

Needed 

(N=56) 

Availabl

e 

(N=20) 

Needed 

(N=11) 

Available 

(N=47) 

Needed 

(N=47) 

Professional 

Development 

   (N=87, 42% of  

   Supports) 

 

 

5, 19% 

 

 

17, 30% 

 

 

9, 45% 

 

 

9, 82% 

 

 

14, 30% 

 

 

33, 70% 

Resources and    

   Activities 

   (N=47, 23% of    

   Supports) 

 

 

6, 25% 

 

 

6, 11% 

 

 

6, 30% 

 

 

0, 0% 

 

 

23, 49% 

 

 

6, 13% 

Alabama Science   

   Standards 

   (N=15, 7% of    

   Supports) 

 

 

9, 38% 

 

 

0, 0% 

 

 

3, 15% 

 

 

0, 0% 

 

 

3, 6% 

 

 

0, 0% 

Administration 

   (N=15, 7% of   

   Supports) 

 

3, 13% 

 

9, 16% 

 

0, 0% 

 

0, 0% 

 

3, 6% 

 

0, 0% 

Interactions with  

   other Teachers 

   (N=11, 5% of    

   Supports) 

 

 

0, 0% 

 

 

6, 11% 

 

 

0, 0% 

 

 

0, 0% 

 

 

1, 2% 

 

 

4, 9% 

Curriculum and   

   pacing 

   (N=10, 5% of  

   Supports) 

 

 

1, 4% 

 

 

1, 2% 

 

 

1, 5% 

 

 

2, 18% 

 

 

3, 6% 

 

 

2, 4% 
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Table 17, Continued. 

Accountability 

  (N=8, 4% of    

  Supports) 

 

 

0, 0% 

 

 

6, 11% 

 

 

1, 5% 

 

 

0, 0% 

 

 

0, 0% 

 

 

1, 2% 

Teach Evolution  

   in Earlier Grades 

   (N=6, 3% of   

    Supports) 

 

 

  0, 0% 

 

 

5, 9% 

 

 

0, 0% 

 

 

0, 0% 

 

 

0, 0% 

 

 

1, 2% 

Teach Only Science 

   (N=3, 1% of   

   Supports) 

 

 

  0, 0% 

 

 

3, 5% 

 

 

0, 0% 

 

 

0, 0% 

 

 

0, 0% 

 

 

0, 0% 
Decrease Evolution  

   in the Standards 

   (N=1, 0.5% of  

   Supports) 

 

 

 

0, 0% 

 

 

 

1, 2% 

 

 

 

0, 0% 

 

 

 

0, 0% 

 

 

 

0, 0% 

 

 

 

0, 0% 
Remove Disclaimer  

   from Textbooks 

   (N=1, 0.05% of  

   Supports) 

 

 

 

0, 0% 

 

 

 

1, 2% 

 

 

 

0, 0% 

 

 

 

0, 0% 

 

 

 

0, 0% 

 

 

 

0, 0% 
Teach Creationism 

   (N=1, 0.05% of  

   Supports) 

 

 

0, 0% 

 

 

1, 2% 

 

 

0, 0% 

 

 

0, 0% 

 

 

0, 0% 

 

 

0, 0% 
 

 Professional development for teaching evolution. Participants noted many 

types of PD which they currently have available and need for improving their teaching 

practices for evolution as seen in Table 18. PD for evolution content (N=23, 26%) was 

most frequently observed with 87% (N=20) of utterances indicating a need for more 

content related PD. The availability of ASIM and LUDA PD made up 23% (N=19) of 

the utterances for PD. The need for PD on managing personal and student religious 

conflict toward evolution comprise 18% (N=16) of the construct. These findings 

indicate that ASIM PD is widely taken advantage of across the state; however, ASIM 

does not meet all of the needs of Alabama biology teachers for developing their 

teaching practices for evolution. Additionally, the need for training on the 2015 

Course of Study: Science (ALSDE, 2015) made up 9% (N=8) of the utterances within 
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theme of PD needed indicating that the training provided by ALSDE for 

implementation of the 2015 Science Standards was not sufficient. 

Table 18. 

 

Observations Frequencies of Constructs of Professional Development for Teaching 

Evolution in Focus Group field notes data (n=87) from Alabama High School Biology 

Teachers. 

 Sampled Alabama High School Biology Teachers 

Professional Development 

for Teaching Evolution 

Open-ended 

Survey Items 

(N=22) 

Focus Group 

Field Notes 

(N=18) 

Interviews and 

Field Notes 

(N=47) 

 Attend 

(N=5) 

Need 

(N=17) 

Attend 

(N=9) 

Need 

(N=9) 

Attend 

(N=14) 

Need 

(N=33) 

Content 

 (N=23, 26% of Construct) 
 

0, 0% 
 

7, 41% 
 

3, 33% 
 

2, 22% 
 

0, 0% 
11, 

33% 
ASIM 

  (N= 14, 16% of Construct) 

 

3, 60% 

 

0, 0% 

 

1, 11% 

 

0, 0% 

10, 

71% 

 

0, 0% 

Pedagogy 

   (N=12, 14% of Construct) 
 

0, 0% 
 

2, 12% 
 

3, 33% 
 

1, 11% 
 

0, 0% 
 

6, 18% 
Classroom Conflict 

   (N=8, 9% of Construct) 

 

0, 0% 

 

1, 6% 

 

0, 0% 

 

4, 44% 

 

0, 0% 

 

3, 9% 

Personal Conflict 

   (N=8, 9% of Construct) 

 

0, 0% 

 

2, 12% 

 

0, 0% 

 

2, 22% 

 

0, 0% 

 

4, 12% 

Standards 

   (N=8, 9% of Construct) 
 

0, 0% 
 

0, 0% 
 

0, 0% 
 

0, 0% 
 

0, 0% 
 

8, 24% 
LUDA 

   (N=5, 6% of Construct) 

 

2, 40% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

3, 21% 

 

0, 0% 

Unspecified 

   (N=5, 6% of Construct) 
 

0, 0% 
 

4, 24% 
 

0, 0% 
 

0, 0% 
 

0, 0% 
 

1, 3% 
AP/IB 

   (N=3, 3% of Construct) 

 

0, 0% 

 

0, 0% 

 

2, 22% 

 

0, 0% 

 

1, 7% 

 

0, 0% 

For Administrators 

   (N=1, 1% of Construct) 

 

0, 0% 

 

1, 6% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

Resources and activities for teaching evolution. Lab materials (N=16, 34%, 

ASIM (N=14, 30%) were the most frequently referenced activities and resources for 

teaching evolution as seen in Table 19.   
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Table 19. 

 

Observations Frequencies of Constructs of Resource and Activity Supports for 

Teaching Evolution Referenced by Alabama High School Biology Teachers (N=47), 

Sourced from Open-Ended Survey Items, Focus Groups and Field Notes, and 

Interviews and Field Notes 

 Sampled Alabama High School Biology Teachers 

Resources and Activities 

Supports 

 

Open-ended 

Survey Items 

(N=12) 

Focus Group & 

Field Notes 

(N=6) 

Interviews & 

Field Notes 

(N=29) 

 Have 

(N=6) 

Need 

(N=6) 

Have 

(N=6) 

Need 

(N=0) 

Have 

(N=23) 

Need 

(N=6) 

Lab Materials 

   (N=16, 34% of Construct) 
 

3, 50% 
 

3, 50% 
 

3, 100% 
 

0, 0% 
 

7, 30% 
 

0, 0% 
ASIM 

   (N=14, 30% of Construct) 

 

3, 50% 

 

1, 17% 

 

3, 50% 

 

0, 0% 

 

7, 30% 

 

0, 0% 

Textbooks 

   (N=12, 26% of Construct) 

 

0, 0% 

 

2, 33% 

 

0, 0% 

 

0, 0% 

 

7, 30% 

 

3, 50% 

Field Trips 

   (N=2, 4% of Construct) 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

2, 33% 

A+ College Ready 

   (N=1, 2% of Construct) 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

1, 4% 

 

0, 0% 

ALEX 

   (N=1, 2% of Construct) 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

1, 4% 

 

0, 0% 

Lists of Free Resources 

   (N=1, 2% of Construct) 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

0, 0% 

 

1, 17% 

 

Forty-nine percent (N=35) of utterances referenced activities and resources they 

currently have, indicating that many of the participants have a variety of resources and 

activities available for teaching evolution. Participants are making use of ASIM 

activities and materials, textbooks, A+ College Ready curriculum and pacing, and the 

Alabama Learning Exchange (ALEX) resources. However, A+ College Ready and 

ALEX resources only made of 4% of the utterances despite being available across the 

state. The category of laboratory materials made up 34% (N=16) of resource and 

activity supports. Only 19% (N=3) of the utterances within this category indicated a 
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need for more laboratory materials suggesting that most of the participants have the 

laboratory supplies they need.  

Textbooks for teaching biology. Table 20 shows the textbooks survey 

respondents reported using in their biology classes.   

Table 20. 

 

Frequency of Textbooks Used in Alabama High School Biology Classes (N=33) 

Reported by Alabama High School Biology Teachers  

Title of Textbook  Frequency 

Other (e.g., Campbell Biology, Biology in Focus,  

   Principals of Life) 

10, 30% 

Miller & Levine Biology (2009) 9, 27% 

Campbell Biology: Concepts and Connections (2014) 6, 18% 

Holt-McDougal Biology (2012) 5, 15% 

Biology: Dynamics of Life, 8th Edition (2014) 1, 3% 

Modern Biology (2009) 1, 3% 

Miller & Levine Biology (2018) 1, 3% 

 

Forty-nine percent (N=71) of survey respondents reported using a textbook in their 

biology classes. Amongst those who used a textbook in general biology courses 

(N=33, 46%), the most frequently used book was Miller & Levine Biology (2009), 

followed by Campbell Biology: Concepts and Connections (2014), and Holt-

McDougal Biology (2012). These data indicate that the biology textbooks in Alabama 

high schools are old having been published 10 years or more years ago. Only one of 

the general biology textbooks reported was published within the past decade. The 

textbooks reported in the other category were higher level biology textbooks for 

teaching AP and IB biology classes. Some examples include Campbell Biology, 

Biology in Focus, Principles of Life, and Open Stax Biology (editions were not 

provided). 
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Data collected in the survey about the inclusion of the evolution disclaimer, 

designed by ALSDE for placement in textbooks containing evolution, indicated that 

that the state school board and ALSDE were not enforcing this policy. This is 

evidenced by 53% (N=63) of respondents reporting that the disclaimer was not placed 

in their current textbooks as seen in Table 21.  

Table 21. 

 

Frequency of the Disclaimer Appearing in Textbooks Used in Alabama High School 

Biology Classes (N=63) as Reported by Alabama High School Biology Teachers  

Notation of a Disclaimer in Front of Their Biology Textbook  Frequency 

Yes. 19, 30% 

No. 18, 29% 

No, but it did appear in previous textbooks. 15, 24% 

I do not know. 11, 18% 

 

However, 30% (N=19) of respondents did report having the disclaimer in their 

textbooks; these may have been textbooks purchased prior to 2015 (based on the age 

of the textbooks reported by respondents).     

 A respondent (female, 7 years of experience teaching biological sciences) 

indicated that she wanted ALSDE to remove the disclaimer to support the teaching of 

evolution in addition to the inclusion of evolution in the state standards.  She wrote, 

“take out the disclaimer from texts and reinsert a comment that says that in order to 

understand life from a scientific perspective, students [must] understand evolution 

from a scientific perspective.”11 

Sensemaking 

Implementation of policy changes, such as, changes to state standards are 

influenced by how teacher interpret the policy. Sensemaking theory explains that 
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teachers interpret policy through their personal beliefs and experiences (an overview 

of subconstructs is found on page 30). Qualitative data were gathered in the survey, 

interviews, and focus groups to determine teachers’ sensemaking for changes to the 

Alabama standards for evolution adopted in 2015. Within the context of the present 

study, the initial frame of reference is what and how the participants believed 

evolution should be taught prior to 2015 and the new situational demand is the 

implementation of the 2015 Alabama science standards. 

Survey qualitative data  

In responses compiled from open-ended survey items, 40% indicated 

accommodation of the standards as seen in Table 22.  

Table 22. 

 

Observed Frequencies of Sensemaking Constructs in Open-ended Survey Data 

(N=15) from Alabama High School Biology Teachers. 

Sensemaking Theory  Alabama High School Biology Teachers 

 

 

Self 

(N=10) 

Others 

(N=5) 

Accommodation (N=6, 40% of Construct) 6, 60% 0, 0% 
Toleration (N=4, 27% of Construct) 2, 20% 2, 40% 

Distantiation (N=3, 20% of Construct) 0, 0% 3, 60% 

Assimilation (N=2, 13% of Construct) 2, 20% 0, 0% 

 

A respondent (male, 8 years of experience teaching biological sciences) indicated 

accommodation by changing his frame of reference for how evolution should be 

taught when he wrote: 

These changes [to teaching practices for evolution] were made due to a 

change in state standards which now explicitly expect teaching of 

evolutionary biology, simultaneously extending its application to 

multiple topics within the high school biology course.12 
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Toleration (N=4, 27%) and distantiation (N=3, 20%) for the change in standards were 

predominantly referred to in reference to other teachers. A respondent (female, 11 

years of experience teaching biological sciences) described the challenges associated 

with teaching alongside biology teachers who make their toleration of the standards 

for evolution evident: 

I have taught with many great teachers that do not support evolution, it 

is challenging to have students support the theory if they see that the 

teacher does not.13 

 

The same respondent described distantiation by other teachers from the 2015 standards 

by not teaching the evolution standards when she wrote: 

I have known many teachers at my school that DO NOT teach this unit 

at all even though it is one of our standards.  I feel like we need more 

continuity between teachers and the standards. We need a time that 

allows/forces us to discuss with each other how we plan to present the 

standards. Going to workshops help, that last workshop I attended was 

amazing, however the teacher that needed it the most did not attend and 

does not plan to even say the word evolution in her classroom.14 

 

Assimilation of the 2015 standards into the teachers’ previous frame of reference was 

indicated when a respondent (female, 4 years of experience teaching biological 

sciences) wrote: 

The changes to the course of study reflect how I was already teaching 

the topic.  Evolution has always been a very big part of teaching 

Biology, alongside the understanding of genetics and how the two 

relate.15 

 

Interview data  

Utterances compiled from interviews predominantly (52%) indicate 

participants making sense of the new standards through assimilation as seen in Table 

23.  
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Table 23. 

 

Observed Frequencies of Sensemaking Constructs in Interview Transcripts and 

Field Notes and Reflections Data from Alabama High School Biology Teachers. 

Sensemaking Theory (N=31) Alabama High School Biology Teachers 

 

 

Self 

(N=23) 

Others 

(N=8) 

Assimilation 

  N=16, 52% of Construct 
 

14, 61% 
 

2, 25% 
Toleration 

  N=10, 32% of Construct 

 

6, 26% 

 

4, 50% 

Accommodation 

  N=3, 10% of Construct 

 

3, 13% 

 

0, 0% 

Distantiation 

  N=2, 6% of Construct 

 

0, 0% 

 

2, 25% 

 

A participant (female, 8 years of experience teaching biological sciences) illustrated 

how the new standards aligned with her previous frame of reference indicating 

sensemaking through assimilation when she said:  

I've always taught evolution, regardless of what the science standards, 

you know, I mean, it's always been in there. But, you know, pretty 

much emphasized this is how science is done. And talk to, and we also 

discuss how, you know, certain religions have no problem with it.16 

 

Participants referred to toleration sensemaking for self and others in 32% of the 

utterances. A participant (male, 8 years of experience teaching biological sciences) 

discussed his personal religious conflict with evolution and how he views the 2015 

standards when he said: 

I take the literal interpretation of the Bible, within reason and context, 

yet still recognize the influence of biological concepts on modern 

evolution or modern biology. And for students that are going into the 

field, you know, regardless of whether you believe it personally, or 

even believe in food webs or whatever, you need to have a base on 

understanding of these because you're going into a field that demands 

knowledge in this area.17 
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Focus group data  

Utterances compiled in focus groups predominantly referenced accommodation 

sensemaking for the new standards for evolution as seen in Table 24. The focus group 

data were coded from field notes due to voice recorder failure; therefore, individual 

utterances from participants could not be coded or quoted. 

Table 24. 

 

Observed Frequencies of Sensemaking Constructs in Focus Group and Field 

Notes Data (N=7) from Alabama High School Biology Teachers. 

Sensemaking Theory Alabama High School Biology Teachers 

 

 

Self 

(N=5) 

Others 

(N=2) 

Accommodation 

  N=3, 43% of Construct 
 

3, 60% 
 

0, 0% 
Distantiation 

  N=2, 29% of Construct 

 

0, 0% 

 

2, 100% 

Toleration 

  N=1, 14% of Construct 

 

1, 20% 

 

0, 0% 

Assimilation 

  N=1, 14% of Construct 

 

1, 20% 

 

0, 0% 

 

During one of the focus groups some of the participants discussed their belief that 

teachers should teach the content that is in the state standards no matter their personal 

feelings about evolution. Several in this group considered teachers to be “derelict” in 

their duties if they are not teaching evolution.18 Utterances indicating distantiation 

were in reference to colleagues and acquaintances of the participants. These 

participants shared anecdotes about a co-worker intentionally or unintentionally not 

teaching evolution the previous year19 and having students in their biology classes to 

say they were not taught evolution in middle school. 20 
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Summary of data  

Participants in the present study predominantly (36%) made sense of the 2015 

standards for evolution through assimilation of the policy to their previous frame of 

reference as seen in Table 25.  

Table 25. 

 

Summary Statistics of Observed Frequencies of Sensemaking Constructs Sourced from 

Open-ended Survey Items, Focus Group and Field Notes, and Interviews and Field Notes 

from Sampled (N=53) Alabama High School Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Sensemaking Theory  

Data Total (N=53) 

Open-ended 

Survey Items 

(N=15) 

Focus Group and  

Field Notes 

(N=7) 

Interviews and  

Field Notes 

(N=31) 

 

 

Self  

(N=10) 

Others 

(N=5) 

Self 

(N=5) 

Others 

(N=2) 

Self 

(N=23) 

Others 

(N=8) 

Assimilation 

   N=19, 36% of Construct 

 

2, 20% 

 

0, 0% 

 

1, 20% 

 

0, 0% 

 

14, 61% 

 

2, 25% 

Toleration 

   N=15, 28% of Construct 

 

2, 20% 

 

2, 40% 

 

1, 20% 

 

0, 0% 

 

6, 26% 

 

4, 50% 

Accommodation 

   N=12, 23% of Construct 

 

6, 60% 

 

0, 0% 

 

3, 60% 

 

0, 0% 

 

3, 13% 

 

0, 0% 

Distantiation 

   N=7, 13% of Construct 

 

0, 0% 

 

3, 60% 

 

0, 0% 

 

2, 100% 

 

0, 0% 

 

2, 25% 

 

Distantiation sensemaking for the new standards was only referenced when speaking 

about other teachers showing that rejection of the new standards does exist amongst 

Alabama high school biology teachers despite seemingly being absent among the 

study participants. 

Behaviors  

Participants described their behaviors in the classroom when teaching 

evolution by sharing their teaching practices for evolution, such as the importance they 
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placed on difference evolutionary concepts, time spent teaching evolution, strategies 

and activities used, and textbooks used. 

Concepts most frequently taught  

Teachers were asked to rank concepts within the theory of evolution as most 

frequently discussed (1) to least frequently discussed (8) in their classes as seen in 

Table 26.  

Table 26. 

 

Evolution Topics Ranked from Most Discussed (1) to Least Discussed (8) in Class 

by Alabama High School Biology Teachers (N=71), Sourced from Survey. . 

Topic Mean SD 

Natural selection 1.77 1.17 

Direct evidence for evolution (DNA similarities, biochemical  

   similarities, radiometric dating, finch beaks) 

 

3.15 

 

1.35 

Classification of organisms 3.86 2.17 

Indirect evidence for evolution (homologous structures,  

   vestigial structures, embryology, fossil record, cladograms,      

   biogeography) 

 

 

4.08 

 

 

1.27 

Artificial selection 4.11 1.83 

Speciation 4.94 1.58 

Human evolution 6.28 1.37 

Other (including evolutionary pressure, punctuated     

   equilibrium, history of life, origin of earth, bacteria) 

 

7.79 

 

.96 

 

Natural selection was most discussed concept (M=1.77, SD=1.17) and the least 

frequently discussed concepts included speciation (M=4.94, SD=1.58) and human 

evolution (M=6.28, SD=1.37). 

Teaching evolution/creationism/intelligent design  

The present study found that ID and creationism are being taught in Alabama 

high school biology classes instead of or alongside evolution as seen in Table 27.  
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Table 27. 

 

The Teaching of Evolution, Intelligent Design, and Creationism in Classrooms by 

Alabama High School Biology Teachers Sourced from Survey (N=209). 

Frequency of Teaching Practice 

 

Evolution 

(N= 69) 

Intelligent 

Design 

(N=70) 

Creationism 

(N=70) 

Taught as a stand-alone unit 48, 70% 0, 0% 1, 1% 

Taught as part of other unit(s) 18, 26% 8, 11% 7, 10% 

Taught some years as a unit or part of a unit 2, 3% 3, 4% 0, 0% 

Not taught 1, 1% 59, 84% 62, 89% 

 

Notably, the teaching of ID or creationism was rare amongst respondents with 84% 

(N=59) and 89% (N=62), respectively, reporting not teaching either of these topics. 

These findings were affirmed in the qualitative data. For example, focus group 

participants discussed teaching only science in their classes and their belief that only 

concepts supported by science should be taught in science classes.21 An interview 

participant (female, 15 years of experience teaching life sciences) indicated a similar 

point of view when she said, 

I don’t deal with the religious standpoint of it. I don’t deal with, you 

know, creation creator. I don’t, I don’t deal with that, I stick strictly to 

what happened from the beginning to the end based on evidence that 

we have, what we know, what research says. And I stick, I deal more 

with change over time. Darwin’s theory as far as Galapagos Islands. I 

kinda stick, like I said, I just stick strictly to the facts. I don’t deal with 

it from a religious standpoint, because that’s when you get into the 

different views…22 

  

Time spent teaching evolution  

Through survey data, it was found that evolution is a major part of the 

respondents’ biology classes with 65% (N=46) spending 8 or more class days teaching 

evolution as seen in Figure 8. Additionally, 33% (N=23) of respondents reported  
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Figure 8. Days spent teaching evolution by Alabama high school biology teachers 

(N=70) sourced from survey. 

 

spending 3 weeks or more of class time teaching evolution. The length of daily classes 

varied with approximately half of the respondents teaching on a 50-minute period 

schedule for a whole school year and the other half teaching on a 90-minute block 

schedule for a semester or an equivalent number of days. Seventy-nine percent of 

focus group participants indicated spending 10 or more days teaching evolution on a 

block schedule for a semester in the pre-focus group questionnaire. In addition to the 

class days devoted to teaching evolution, 21% of utterances coded as pedagogy 

indicated the spiraling of evolution content throughout the biology course (see 

strategies for teaching evolution for the frequency of this pedagogy). Relating other 

units to evolution increases the amount of time evolution is taught in these classes. 

Relationships between time spent teaching evolution and internal factors. 

The amount of time respondents spent teaching evolution during a biology course was 
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not significantly affected by acceptance of evolution, religious conflict, creationist 

attitudes, or knowledge and relevance of science and evolution. However, subscales 

within the higher order factor of knowledge and relevance significantly affected time 

spent teaching evolution including perceived relevance of evolution (H=8.562, p = 

.036), genetic literacy (H=8.481, p = .037), and knowledge of evolution (H=11.759, p 

= .008) as seen in Table 28.  

Table 28. 

 

Comparison of Time Spent Teaching Evolution During a Biology Course (df=3) 

for Internal Factors. 

Internal Factor Kruskal-Wallis Test 

H(3) p 

Acceptance of evolution, N=52 1.120 .772 

Level of conflict between evolution and religion, N=50 3.719 .293 

Political activity, N=50 3.765 .288 

Religious Activity, N=54 1.666 .645 

Creationist Attitudes, N=38 .739 .864 

Knowledge/Relevance, N=32 6.353 .096 

Perceived relevance of evolution, N=57 8.562 .036 

Genetic Literacy, N=42 8.481 .037 

Knowledge of evolution, N=59 11.759 .008 

Misconceptions about evolution, N=46 .561 .905 

Knowledge of science, N=42 3.800 .284 

Note: Time spent teaching evolution was measured as ordinal data with ranges 

including: 0-3 days, 4-7 days, 8-14 days, and 15 or more days. 

 

Pairwise comparison of means for perceived relevance of evolution, genetic 

literacy, and knowledge of evolution were conducted to determine significant 

differences among the four time frames as seen in Tables 29, 30, and 31.  
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Table 29. 

 

Pairwise Comparisons of Sampled Alabama High School Biology Teachers 

(N=57): Mean Perceived Relevance of Evolution by Time Spent Teaching 

Evolution in a Biology. 

Comparison z r p* 

0-3 days x 4-7 days -.892 -.12 1.000 

0-3 days x 8-14 days -2.395 -.32 .100 

0-3 days x 15+ days -2.533 -.34 .068 

4-7 days x 8-14 days -1.432 -.19 .912 

4-7 days x 15+ days -1.575 -.21 .691 

8-14 days x 15+ days -.172 -.02 1.000 

Note: Comparison of groups was conducted using Dunn’s test. 

*adjusted using the Bonferroni correction 

 

Despite significant differences being indicated for perceived relevance by the 

Kruskal-Wallis test (Table 29), pairwise compassion did not identify significant 

differences between the days spent teaching evolution groups. However, as seen in 

Table 28, spending 0-3 days teaching evolution and 15 or more days teaching 

evolution do likely differ in mean perceived relevance based on a p-value of .068 and 

effect size of -.34. 

It was found that mean genetic literacy was significantly higher for 

respondents who spent 8-14 days teaching evolution when compared to those who 

spent 0-3 days teaching evolution (z= -2.823, p = .029, r= -.44) as seen in Table 30.  

Table 30. 

 

Pairwise Comparisons of Sampled Alabama High School Biology Teachers 

(N=42): Mean Genetic Literacy by Time Spent Teaching Evolution in a Biology. 

Comparison z r p* 

0-3 days x 4-7 days -2.002 -.31 .272 

0-3 days x 8-14 days -2.823 -.44 .029 

0-3 days x 15+ days -2.483 -.38 .078 

4-7 days x 8-14 days -.695 -.11 1.000 

4-7 days x 15+ days -.270 -.04 1.000 

8-14 days x 15+ days .512 .08 1.000 
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Table 30, Continued.    

Note: Comparison of groups was conducted using Dunn’s test. 

*adjusted using the Bonferroni correction 

 

Additionally, knowledge of evolution was significantly higher for all respondents who 

spent 4 or more days teaching evolution than those who spent 0-3 days teaching 

evolution (4-7 days, z=-2.788, p = .032; 8-14 days, z=-3.310, p = .006; 15+ days, z=-

2.732, p = .038) as seen in Table 31.  

Table 31. 

 

Pairwise Comparisons of Sampled Alabama High School Biology Teachers 

(N=59): Mean Knowledge of Evolution by Time Spent Teaching Evolution in a 

Biology. 

Comparison z r p* 

0-3 days x 4-7 days -2.788 -.36 .032 

0-3 days x 8-14 days -3.310 -.43 .006 

0-3 days x 15+ days -2.732 -.36 .038 

4-7 days x 8-14 days -.238 -.03 1.000 

4-7 days x 15+ days .406 .05 1.000 

8-14 days x 15+ days .765 .10 1.000 

Note: Comparison of groups was conducted using Dunn’s test. 

*adjusted using the Bonferroni correction 

 

These findings indicate that the amount of time spent teaching evolution is affected by 

the knowledge a biology teacher has for genetics and evolution. 

Strategies for teaching evolution  

Respondents cited a variety of methods and activities employed for teaching 

evolution. They wrote about and discussed various pedagogies, favorite activities, and 

methods for dealing with student resistance to learning evolution in the interviews, 

focus groups, and open-ended items in the survey.  

 Pedagogy. The most common pedagogy cited was the use of hands-on 

activities (N=21, 34%) including laboratories as seen in Table 32.  



Texas Tech University, Carolanne Grogan, May 2020 

109 

Table 32. 

 

Observed Frequencies of Pedagogy Used for Teaching Evolution Constructs Sourced 

from Open-ended Survey Items, Focus Group and Field Notes, and Interviews and Field 

Notes from Sampled (N=61) Alabama High School Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Pedagogy Used for Teaching 

Evolution  

Open-ended 

Survey Items 

(N=13) 

Focus Group  

Field Notes 

(N=14) 

Interviews &  

Field Notes 

(N=34) 

Hands-on/Labs  

   (N=21, 34% of Pedagogies) 

 

4, 31% 

 

7, 50% 

 

10, 29% 

Other Low Frequency Pedagogy 

   (N=21, 34% of Pedagogies) 

 

6, 46% 

 

2, 14% 

 

13, 38% 

Spiral Through Course 

   (N=13, 21% of Pedagogies) 

 

3, 23% 

 

3, 21% 

 

7, 21% 

Lecture  

  (N=6, 10% of Pedagogies) 

 

0, 0% 

 

2, 14% 

 

4, 12% 

 

The categories of spiraling evolution (N=12, 21%) throughout the biology course and 

lecturing (N=6, 10%) on the content also appeared in the data. The respondents also 

included an abundance of other low frequency pedagogies (N=21, 34%) including 

projects, simulations, case studies, claim-evidence-reasoning, and having students 

apply knowledge. 

 Spiraling evolution throughout a biology course was a pedagogy which many 

participants felt strongly making up 21% (N=13) of utterances for pedagogy (Table 

32). Introducing evolution at the beginning of the course and spiraling it throughout all 

the units was discussed at length during one of the focus groups.23 Some of the 

participants identified this pedagogy as being a way to reduce student resistance to 

learning evolution. An interview participant (female, IB Biology, 8 years of teaching 

experience) described in detail how she spiraled evolution throughout her biology 

course when teaching: 
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Especially when I was teaching biology one, or I was teaching students 

that I knew might be resistant to the Term Evolution, I generally start 

out with something they're familiar with, you know, stuff, that's like 

microevolution type stuff, where we're looking at things that they 

understand, like antibiotic resistant, or pesticide resistant insects, which 

is really big down here, because we have giant roaches, and fleas, and 

you have to keep rotating your pesticides. So, I start out with something 

like that. And I, we talked about how long, you know, generation times 

of organisms and, you know, needing pressure to change and all that. 

So we introduce these concepts, and they're like, yeah, yeah, yeah. And 

then, you know, eventually, when we look at fossils, and we talk about, 

you know, DNA and changes and all of this stuff, they're more open 

minded did to it, if they were initially resistant, I keep coming back to 

it, you know, we talked about DNA and genetic code and RNA and 

things are we are we're going through systematics in life and how 

things are related. We keep coming back to this, even when we do the 

biochemistry, and we talked about the photo systems. And we talked 

about, you know, even when we're talking about cellular respiration, 

we keep coming back to, to all of this, and giving them a frame of 

reference, seeing how it's tied, kind of giving them an idea of where all 

this leads, or where this evidence and how it builds. And we also do, 

you know, we do cladogram labs, we do DNA labs, You know, we 

look at case studies of, you know, you of umm, you know, changes in 

environment stuff, and so they can kind of see where all this comes 

from, and how things move forward or backward, however you want to 

look at it.24 

 

 Activities and resources. Table 33 shows respondents’ go-to or most used 

activities for teaching evolution. Two commonly used resources for activities 

emerged: ASIM (“AMSTI: Science in Motion,” 2012) (N=3, 43%) and Howard 

Hughes Medical Institute’s (HHMI) BioInteractive (“HHMI BioInteractive,” n.d.) 

(N=3, 43%). A respondent (biology teacher of unidentified gender and unspecified 

experience) shared their use of these resources when they wrote: 

I have incorporated activities that show how evolution occurs (for 

example, ASIM whale evolution). I also include some videos from 

HHMI (stickleback, biology of skin).25 
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Table 33. 

 

Observed Frequencies of Activities Used to Teach Evolution in Survey Open-

ended Items Data (N=7) from Alabama High School Biology Teachers 

Activities used to teach evolution by 

Alabama high school biology teachers  

 

Sub-category 

ASIM    

   (N=3, 43% of Activities) 

Whale Evolution 

   (N=3, 100% of category) 

HHMI BioInteractive 

   (N=3, 43% of Activities) 

Making of the Fittest:    

   Evolving Switches,    

   Evolving Bodies 

   (N=1, 33% of category) 

 The Biology of Skin Color 

   (N=1, 33% of category) 

Other Low Frequency Activities 

   (N=1, 14% of Activities) 

Unspecified activities 

   (N=1, 33% of category) 

 

Categories that emerged in the focus group data are shown in Table 34.  

Table 34. 

 

Observed Frequencies of Activities Used to Teach Evolution in Focus Group and 

Field Notes Data (N=11) from Alabama High School Biology Teachers. 

Activities Used to Teach Evolution by Alabama 

High School Biology Teachers  

Sub-category 

Other Specific Activities (N=4, 36% of Activities)  

ASIM (N=4, 36% of Construct) Antibiotic Resistance 

   (N=1, 25% of category) 

 Hominid Evolution 

   (N=1, 25% of category) 

 Whale Evolution 

   (N=2, 50% of category) 

HHMI BioInteractive (N=3, 27% of Activities) The Origin of the Species:  

   Lizards in an Evolutionary 

   Tree(N= 1, 33% of category) 

 The Origin of the Species:     

   The Beak of the Finch 

   (N=1, 33% of category) 

 The Making of the Fittest:  

   Natural Selection and  

   Adaptation 

   (N=1, 33% of category) 
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Focus group participants mainly shared a variety of specific activities (N=4, 36%) 

they use to teach evolution including ones for teaching phylogenetic trees, cladograms, 

Hardy-Weinberg Equilibrium, and the use of ASIM activities (N=4, 36%). 

 Interview participants also share a variety of specific activities for teaching 

phylogenetic trees and cladograms, Hardy-Weinberg Equilibrium, and the connection 

between evolution and ecology (N=7, 41%) as seen in Table 35.  

Table 35. 

 

Observed Frequencies of Activities Used to Teach Evolution in Interviews and 

Field Notes Data (N=17) from Alabama High School Biology Teachers. 

Activities Used to teach evolution by 

Alabama High School Biology Teachers  

          Sub-category 

Other Low Frequency Activities 

   (N=7, 41% of Activities) 

 

HHMI BioInteractive 

   (N=6, 35% of Activities) 

The Origin of the Species: Lizards  

   in an Evolutionary Tree     

   (N= 1, 17% of category) 

 The Biology of Skin Color    

   (N=3, 50% of category) 

 The Making of the Fittest: Natural  

   Selection and Adaptation  

   (N=1, 17% of category) 

 Great Transitions: The Origin of  

   Humans 

   (N=1, 17% of category) 

ASIM (N=4, 24% of Activities) Which Beak Is Best?     

   (N=1, 25% of category) 

 Hominid Evolution     

   (N=2, 50% of category) 

 Whale Evolution     

   (N=1, 25% of category) 

 

They also discussed their use of HHMI BioInteractive (N=6, 35%) and ASIM 

activities (N=4, 24%). Thirty-four percent of utterances (N=35) coded as an activity 

referenced HHMI BioInteractive activities including those designed to bundled with 
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evolution-focused videos.  These videos include:  Making of the Fittest: Evolving 

Switches; Evolving Bodies; The Biology of Skin Color; The Origin of the Species: 

Lizards in an Evolutionary Tree; The Origin of the Species: The Beak of the Finch; 

The Making of the Fittest: Natural Selection and Adaptation; and Great Transitions: 

The Origin of Humans (see Tables 33, 34, and 35). 

Table 36 summarizes the activity data gathered across data sources. Thirty one 

percent of utterances (N=35) were coded as ASIM activities including whale 

evolution, hominid evolution, antibiotic resistance, and bird beaks (see Tables 33, 34, 

and 35). 

Table 36. 

 

Summary Statistics of Observed Activities Used for Teaching Evolution Sourced from 

Open-ended Survey Items, Focus Group and Field Notes, and Interviews and Field Notes 

from Sampled (N=35) Alabama High School Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Observed Activities Used  

for Teaching Evolution  

Open-ended 

Survey 

Items (N=7) 

Focus Group &  

Field Notes 

(N=11) 

Interviews & 

Field Notes 

(N=17) 

HHMI BioInteractive Activities 

   (N=12, 34% of Observations) 

 

3,43% 

 

3, 27% 

 

6, 35% 

Other Low Frequency Activities 

   (N=12, 34% of Observations) 

 

1, 14% 

 

4, 36% 

 

7, 41% 

Alabama Science in Motion Activities 

   (N=11, 31% of Observations) 

 

3, 43% 

 

4, 36% 

 

4, 24% 

 

HHMI BioInteractive resources were particularly important to a number of 

participants as illustrated by an interview participant (female, 15 years of experience 

teaching biological sciences) who shared: 

I really, for evolution heavily lean on HHMI. So, like with my 

freshman, I really like using the anoles or using the pocket mice 

activities, and there's a series of them. I always do the human skin 
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color. One with them. And there's a big activity that goes with that 

where they have to think through what the advantages of having lighter 

skin are in certain areas and the disadvantages of having lighter skin 

and vice versa about the dark skin advantages of dark skin certain 

areas. So, it walks them through why people who have very dark skin 

come from around the equator and people have white skin, ancestrally 

come from more northerly latitudes, they have to figure it out for 

themselves before they get told.26 

 

She described how one of the lessons addresses the issue of skin color from an 

evolutionary perspective and engages students in a form of inquiry. 

Changes to teaching practices for evolution  

The adoption of 2015 Alabama Course of Study: Science represented change in 

expectations for teaching evolution by the state of Alabama. Participants described 

changes (or lack thereof) in response to the 2015 standards in quantitative and 

qualitative items in the survey, interviews, and focus groups.  

 Quantitative data. Since the adoption of the 2015 Alabama Course of Study: 

Science, the survey respondents reported moderate changes to content and pedagogy A 

mean change of 3.55 (N=75, SD= 2.82) was reported for evolution content taught on a 

scale of 0 to 10. Figure 9 shows a large portion of respondents (N=15, 20%) reported 

no change to evolution content they teach since 2015; however, on the other end of the 

spectrum 14.6% (N=11) reported a near complete change in content taught ranking the 

change at an 8.  



Texas Tech University, Carolanne Grogan, May 2020 

115 

  

Figure 9. Changes to evolution content taught since the adoption of the 2015 Alabama 

science standards (0=no change, 10=complete change) by Alabama high school 

biology teachers (N=75). 

 

A mean change of 3.93 (N=71, SD= 2.64) was reported for pedagogy used for 

teaching evolution. Figure 10 shows the majority of respondents reported some level 

of change to their pedagogy for teaching evolution; however, only 11.3% (N= 8) 

reported near complete levels of change to pedagogy.  
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Figure 10. Changes to pedagogy for teaching evolution since the adoption of the 2015 

Alabama science standards (0=no change, 10=complete change) by Alabama high 

school biology teachers (N=71). 

 

 When asked to identify specific areas of change to their teaching practices for 

evolution from a list of possible changes, 74% (N=35) of respondents reported 

spending more time teaching evolution since the adoption of the 2015 Alabama 

science standards as seen in Table 37. Sixty-two percent (N=29) reported changing the 

activities they use for teaching evolution. Few reported spending less time teaching 

evolution (N=2, 4%) or eliminating evolution from their biology class (N=1, 2%) 

since 2015. 

Table 37. 

 

Changes to Evolution Teaching Practices Since the Adoption of the 2015 Alabama 

Science Standards Sourced from Survey Responses (N=47) by Alabama High 

School Biology Teachers. 

Changes to Teaching Practices Alabama High School Biology Teachers 

Spend more time teaching evolution 35, 74% 

Changed activities for teaching evolution 29, 62% 

Spend less time teaching evolution 2, 4% 
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Table 37, Continued. 

Eliminated evolution from their course 

 

1, 2% 

 

 Qualitative data. Participants were asked to expand on changes to their 

practices for teaching evolution in open-ended survey items, interviews, and focus 

groups. 

Survey data. When asked to elaborate on changes to their teaching practices in 

the survey, four categories emerged: changes to pedagogy, changes to content, no 

changes, and spending more time teaching evolution as seen in Table 38.  

Table 38. 

 

Observed Frequencies of Changes to Teaching Practices for Evolution Since 

Adoption of the 2015 Science Standards in Open-ended Survey Data (N=40) from 

Alabama High School Biology Teachers. 

Changes to Teaching Practices  Sub-category 

Changes to Pedagogy 

   (N=19, 48% of Changes) 
New activities (N=9, 47% of category)  

Spiraled throughout course (N=3, 16% of category) 
 Application of knowledge (N=2, 11% of category) 
 Discussed controversy/religious conflict (N=2, 11%  

   of category) 
 Made connections to genetics (N=1, 5% of category) 
 Modelling (N=1, 5% of category) 
 Avoided using the word evolution (N=1, 5% of  

   category) 
Changes in Content Taught 

   (N=14, 35% of Changes) 

Actively corrected misconceptions (N=3, 21% of  

   category) 

 Emphasized particular aspects of evolution more 

   (N=3, 21% of category) 

 Emphasized that evolution is a “theory” (N=2, 14%  

   of category) 

 Increased depth of content taught (N=2, 14% of  

   category) 

 Included macroevolution (N=2, 14% of category) 

 Included history of the theory of evolution (N=1, 7%  

   of the category) 
 Included human evolution (N=1, 7% of category) 
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Table 38, Continued. 

No Change to Teaching Practices 

   (N=5, 13% of Changes) 
Spend More Time Teaching Evolution 

   (N=2, 5% of Changes) 

 

Forty-eight percent of respondents noted changes to their pedagogy, such as, 

new activities (47%), spiraling evolution throughout the course (16%), having students 

apply knowledge (11%), making connections to genetics (5%), modeling (5%), and 

discussing the controversy/religion with their students (11%). A respondent (female, 9 

years of experience teaching biological sciences) wrote about changing her pedagogy 

to avoid using the term evolution to reduce resistance amongst her students for 

learning evolution.  

I have had to spend more time getting the students to be open to 

learning evolution. The misunderstanding of the word makes them 

nervous because of their religious beliefs. With the extra emphasis on 

evolution, I have to be extra creative with presenting the information. I 

usually don't use the word evolution until we are deep into the topic.27 

 

 Thirty-five percent of respondents discussed changes to the content they teach 

(Table 38). The most common changes to content were actively correcting 

misconceptions and placing greater emphasis on particular aspects of evolution. 

Respondents also noted increasing the depth at which they taught evolution, including 

macroevolution in their instruction, the history of the theory of evolution, and human 

evolution. A respondent (female, 9 years of experience teaching life science) describe 

how she modified her teaching practices in response to the 2015 standards when she 

wrote: 
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Since the 2015 COS changes, I have spent more time and gone more in 

depth on evolution topics. I always taught evolution before that but 

now, since Unity and Diversity is one of four main topics, I feel it 

deserves more time and effort.28 

 

Fourteen percent of respondents reported emphasizing that evolution is a theory. One 

participant (female, 4 years of experience teaching life sciences) wrote, “I introduce 

evolution as a theory and I emphasis theory to stop student chatter,”29 indicating that 

some respondents are teaching one of the more common misconceptions about 

evolution.  

 Thirteen percent (N=5) of respondents indicated no changes to their teaching 

practices for evolution in the open-ended item despite indicating at least minor change 

in prior items asking respondents to rank the level of change on a Likert scale. 

Interview data. Five categories emerged for changes to teaching practices from 

the interview data: changes to pedagogy, changes to content taught, more time 

teaching evolution, changes to assessment practices, and no changes to practices as 

seen in Table 39.  

Table 39. 

 

Observed Frequencies of Changes to Teaching Practices for Evolution Since 

Adoption of the 2015 Science Standards in Interviews and Field Notes Data (N=20) 

from Alabama High School Biology Teachers. 

Changes to teaching practices by 

Alabama High School Biology Teachers 

 

Sub-category 

Changes to Pedagogy 

   (N=9, 45% of Changes) 

New activities 

   (N=3, 33% of category) 

 Application of knowledge 

   (N=2, 22% of category) 

 Differentiation  

   (N=1, 11% of category) 
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Table 39, Continued.  

Discusses controversy/religious      

   Conflict (N=1, 11% of category) 

 Spirals throughout course 

   (N=1, 11% of category) 

 Teaching for mastery 

   (N=1, 11% of category) 

No Change to Teaching Practices 

   (N=5, 25% of Changes) 
 

Changes in Content Taught 

   (N=3, 15% of Changes) 
Includes human evolution 

   (N=3, 100% of category) 

Spend More Time Teaching Evolution 

   (N=2, 10% of Changes) 
Due to spiraling throughout course 

   (N=2, 100% of category) 

Began to assess in the same manner as  

   other standards (N=1, 5% of Changes) 
 

 

Fifty percent (N=9) of utterances coded as changes to teaching practices 

discussed changes to pedagogy including new activities, application of knowledge, 

differentiation for different learners, discussion of the controversy/religion, spiraling 

the topic of evolution throughout the course, and teaching for mastery (Table 39). 

Changes to content taught referenced including human evolution in their instruction. A 

participant (male, 8 years of experience teaching life science) described changes to his 

assessment practices in the adoption of the new standards indicating his perception 

that the new standards placed greater emphasis on the teaching and assessing of 

evolution: 

Initially, there was less assessment focus on evolutionary concepts. So, 

where my actual methods of teaching, the contents now changed much 

the assessments that I do, are a little different with in the past, having, I 

guess, a less formal assessment. In fact, I've even done open books and 

open note assessments on the continent previously. Whereas now it's in 

line with the normal test that they would any other context. I guess my 

rationale for that is that, you know, if there were any particular student 

concerns or religious, opposition parents, students, it tends to kinda 

lessen the, the necessity of them studying and spending a lot of time on 
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the topics that could be viewed negatively about parents or students 

themselves. Since the change, the assessment is just as any other 

content test. I suppose that's the only thing that's really change.30 

 

Twenty-five percent (N=5) of the utterances coded for changes to teaching practices 

indicated no change to teaching practices since the adoption of the 2015 Alabama 

science standards.  

 Focus group data. In the focus group data, three categories emerged for 

changes to teaching practices: spending more time teaching evolution; changes to 

content taught; and no change to teaching practices. Table 40 shows that spending 

more time teaching evolution (N=2, 40%) and no changes (N=2, 40%) to teaching 

practices for evolution were referenced equally in the focus groups. Changes to 

content referred to beginning to actively correct misconceptions about evolution (N=1, 

20%). 

Table 40. 

 

Observed Frequencies of Changes to Teaching Practices for Evolution Since 

Adoption of the 2015 Science Standards in Focus Group and Field Notes Data 

(N=5) from Alabama High School Biology Teachers. 

Changes to teaching practices by 

Alabama High School Biology Teachers 

 

Sub-category 

Spend More Time Teaching Evolution 

   (N=2, 40% of Changes) 

 

No Change to Teaching Practices 

   (N=2, 40% of Changes) 

 

Changes in Content Taught 

   (N=1, 20% of Changes) 
Actively corrects misconceptions 

   (N=1, 100% of category) 
 

 Summary of qualitative data. Four major categories emerged for changes to 

teaching practices since the adoption of the 2015 standards across the sources of data 

as seen in Table 41.  
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Table 41. 

 

Summary Statistics of Changes to Teaching Practices for Evolution Sourced from 

Open-ended Survey Items, Focus Group and Field Notes, and Interviews and Field 

Notes from Sampled (N=62) Alabama High School Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Changes to Teaching Practices 

for Evolution Data Total 

Open-ended 

Survey  

(N=40) 

Focus Group &  

Field Notes 

(N=5) 

Interviews &  

Field Notes 

(N=17) 

Pedagogy 

   N=28, 45% of Construct 

 

19, 48% 

 

0, 0% 

 

9, 53% 

Content Taught 

   N=18, 29% of Construct 
 

14, 35% 
 

1, 20% 
 

3, 18% 
No Change to Practices 

   N=10, 16% of Construct 
 

5, 13% 
 

2, 40% 
 

3, 18% 
More Time Teaching Evolution          

   N=6, 10% of Construct                      2, 5% 
 

2, 40% 
 

2, 12% 
 

Most of the utterances coded for changes to teaching practices were observed in the 

survey data (N= 40, 65%), as the majority of the focus group and interview 

participants indicated no changes to their teaching practices. The most frequently 

coded category was changes to pedagogy (N=28, 45%) despite not being observed in 

the focus group data. Twenty-nine percent of the utterances referred to changes to 

content taught (N=18). Ten percent (N=6) indicated spending more time teaching 

evolution. Sixteen percent (N=10) indicated making no changes to practices for 

teaching evolution since the adoption on the 2015 standards. These findings indicate 

that Alabama biology teachers’ practices for teaching evolution have changed since 

2015. 

Influences for changes or lack of changes to teaching practices  

Participants were asked to expand on their reasons for changing or not 

changing their practices for teaching evolution with the implementation of the 2015 
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Alabama science standards. This data also expanded upon teacher sensemaking for the 

2015 standards for evolution. Qualitative data were gathered in the survey, interviews, 

and focus groups. 

Survey qualitative data. As seen in Table 42, 27% of respondents (N=9) cited 

the changes to the Alabama state science standards as being the main reason for any 

changes made to their practices for teaching evolution.  

Table 42. 

 

Observed Frequencies of Factors Influencing Changes or Lack of Change to 

Teaching Practices for Evolution Since Adoption of the 2015 Science Standards in 

Open-ended Survey Data (N=33) from Alabama High School Biology Teachers. 
Reasons for changes to teaching practices by 

Alabama High School Biology Teachers  

 

Sub-category 

Changes to Alabama science standards 

   (N=9, 27% of Reasons) 

Content included in the 2015  

   standards 

   (N=5, 56% of category) 

 Wording of standards for  

   application for knowledge 

   (N=2, 22% of category) 

 Endorsement for teaching  

   evolution 

   (N=1, 11% of category) 

 District curriculum guide 

   (N=1, 11% of construct) 
Avoiding conflict for religious reasons 

   (N=6, 18% of Reasons) 

 

AP/IB Standards 

   (N=5, 15% of Reasons) 

 

Attended professional development 

   (N=4, 12% of Reasons) 

Learning Unity and Diversity in    

   Alabama 

   (N=2, 50% of category) 

 Alabama Science in Motion 

   (N=1, 25% of category) 
 Local professional development 

   (N=1, 25% of category) 

Taught in greater depth before the redesign 

   (N=2, 6% of Reasons) 
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Table 42, Continued.  

Increase students’ understanding of science 

   (N=2, 6% of reasons) 

 

Abundance of evidence supporting evolution 

   (N=1, 3% of Reasons) 

 

Redesign of ASIM activities 

   (N=1, 3% of Reasons) 

 

Lack of state/district exam 

   (N=1, 3% of Reasons) 

 

Provide more background on the Theory of     

   Evolution (N=1, 3% of Reasons) 

 

Students’ ability to understand evolution 

   (N=1, 3% of Reasons) 

 

 

Specifically, the content and wording for the standards were noted as driving changes. 

These changes in the standards also transferred to district curriculum guides which 

encouraged change in practices. Additionally, the endorsement conveyed by the new 

standards for teaching evolution in greater depth in Alabama classrooms encouraged a 

respondent (N=1, 11%) to make changes. 

Other reasons noted for changes to teaching practices after the adoption of the 

2015 standards included attending PD on which increased teachers knowledge of 

content and pedagogy for teaching evolution, avoiding religious conflict in the 

classroom, and the desire to increase students’ understanding of science (Table 42). 

Notably, 15% of respondents (N=5) cited ASIM PD and changes to ASIM activities, 

LUDA PD and activities, and local PD as the impetus for the changes to their teaching 

practices.  

Respondents also indicated reasons for not changing their teaching practices 

after the adoption of the 2015 Alabama science standards. Those teaching AP and/or 
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IB standards (N=5, 15%) and teaching evolution at the level indicated by the 2015 

standards or higher previously (N=2, 6%) did not have a need to change their teaching 

practices in response to the 2015 standards. Additionally, some respondents cited a 

lack of state exam (N=1, 3%) and students’ ability to understand evolution (N=1, 3%) 

as reasons for not teaching evolution at all or with less depth than indicated by the 

2015 standards (Table 42). 

 Interview data. Having more self-efficacy for teaching evolution was the most 

observed reason (N=6, 29%) for changing teaching practices for evolution since 2015 

as seen in Table 43. These participants noted growth as a teacher, being better able to 

handle resistance, and feedback from students as factors that increased their self-

efficacy. Interview participants were moderately influenced by the changes in the 

2015 Alabama science standards. Fourteen percent of utterances (N=3) indicated 

changes directly linked to the new standards and another 10% (N=2) attributed the 

change to attending LUDA PD which is designed to address the 2015 standards. 

Interview participants who did not change their teaching practices after the adoption of 

the 2015 Alabama science standards cited teaching evolution with greater depth than 

the previous standards (N=5, 24%) and teaching AP/IB standards (N=2, 10%). A 

participant (female, 4 years of experience teaching biological sciences) discussed her 

lack of change indicating teaching evolution at the depth described in the 2015 prior to 

their adoption:  

I don't know if I should say this. I didn't follow the old standards, the 

way that they were set out, I guess. So, the way that I teach the new 

standards, kind of mirrored what I was already doing. So, I didn't have 
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a problem transitioning because it was such, I didn't have to really 

transition.31 

 

Table 43. 

 

Observed Frequencies of Factors Influencing Changes or Lack of Change to 

Teaching Practices for Evolution Since Adoption of the 2015 Science Standards in 

Interview and Field Note Data (N=21) from Alabama High School Biology 

Teachers. 

Reasons for changes to teaching practices by 

Alabama High School Biology Teachers 

 

Sub-category 

Self-efficacy for teaching evolution 

   (N=6, 29% of Reasons) 

Growth as a teacher 

   (N=4, 67% of category) 

 Dealing with resistance 

   (N=1, 17% of category) 

 Feedback from students 

   (N=1, 17% of category) 

Taught in greater depth before the redesign 

   (N=5, 24% of Reasons) 

 

Changes to Alabama science standards 

   (N=3, 14% of Reasons) 

Content included in the 2015 

standards 

   (N=1, 33% of category) 

 Wording of standards for 

application for knowledge 

   (N=1, 33% of category) 

 Endorsement for teaching 

evolution 

   (N=1, 33% of category) 

AP/IB Standards 

  (N=2, 10% of Reasons) 

 

Avoiding religious conflict 

   (N=2, 10% of Reasons) 

 

Attended professional development 

   (N=2, 10% of Reasons) 

Learning Unity and Diversity 

in Alabama 

   (N=2, 100% of category) 

Increase students’ understanding of science 

   (N=1, 5% of Reasons) 

 

 

Focus group data. Observations in focus group data indicates that most 

changes to teaching practices for evolution were driven by the change in the standards 

in 2015 (N=4, 67%) as seen in Table 44. Focus group participants also noted changing 
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practices to reduce religious conflict (N=1, 17%) and teaching the more in-depth 

standards for AP/IB negated any need for changes to teaching practices in 2015 (N=1, 

17%).  

Table 44. 

 

Observed Frequencies of Factors Influencing Changes or Lack of Change to 

Teaching Practices for Evolution Since Adoption of the 2015 Science Standards in 

Focus Group and Field Note Data (N=6) from Alabama High School Biology 

Teachers. 

Reasons for changes to teaching 

practices by Alabama High School 

Biology Teachers  

 

 

Sub-category 

Changes to Alabama science standards 

   (N=4, 67% of Reasons) 

Content included in the 2015 standards 

    (N=2, 50% of category) 

 Endorsement for teaching evolution 

    (N=1, 25% of category) 

 District curriculum guide 

    (N=1, 25% of construct) 
AP/IB Standards 

   (N=1, 17% of Reasons) 

 

Avoiding conflict for religious reasons 

   (N=1, 17% of Reasons) 

 

 

 Summary of data. Constructs for influences on changes for teaching practices 

for evolution that were observed across data sources included changes to the Alabama 

state science standards (27%) and avoiding religious conflict (15%) as seen in Table 

45. Despite not being observed in focus group data, attending PD (10%) and becoming 

more comfortable teaching evolution (10%) were notable for helping participants 

develop their teaching practices for evolution thus driving changes to practices for 

teaching evolution. Participants who did not change their teaching practices noted 

teaching evolution at greater depth than the 2015 Alabama science standards (15%). 
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Table 45. 

 

Summary Statistics of Observed Frequencies of Influences on Evolution Teaching 

Practices Constructs Sourced from Open-ended Surveys, Focus Group and Field 

Notes, and Interviews and Field Notes from Sampled (N=60) Alabama High School 

Biology Teachers. 

 Sampled Alabama High School Biology Teachers 

Reasons for changes to teaching 

practices by Alabama High 

School Biology Teachers  

Open-ended 

Survey 

(N=33) 

Focus Group 

Field Notes 

(N=6) 

Interviews &  

Field Notes 

(N=21) 

Changes to the Alabama Standards 

   (N=16, 27% of Reasons) 

9, 27% 4, 67%  

3, 14% 

Avoiding Religious Conflict 

   (N=9, 15% of Reasons) 

 

6, 18% 

 

1, 17% 

 

2, 10% 

AP/IB Standards 

   (N=8, 13% of Reasons) 

 

5, 15% 

 

1, 17% 

 

2, 10% 

Taught at Greater Depth Before the 

Redesign 

   (N=7, 12% of Reasons) 

 

 

2, 6% 

 

 

0, 0% 

 

 

5, 24% 

Self-efficacy for Teaching Evolution 

   (N=6, 10% of Reasons) 

 

0, 0% 

 

0, 0% 

 

6, 29% 

Professional Development 

   (N=6, 10% of Reasons) 

 

4, 12% 

 

0, 0% 

 

2, 10% 

Other constructs 

   (N=5, 8% of Reasons) 
 

5, 15% 
 

0, 0% 
 

0, 0% 
Increase Student Understanding of  

   Science 

   (N=3, 5% of Reasons) 

 

 

2, 6% 

 

 

0, 0% 

 

 

1, 5% 
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CHAPTER V 

DISCUSSION 
 

Introduction 

 The present study investigated the implementation of the 2015 Alabama 

science standards for evolution using sensemaking theory. Teachers’ sensemaking for 

policy changes such as changes to standards is a cognitive process in which internal 

(i.e., beliefs and prior knowledge) and external (the policy, school climate, and 

community perspectives) factors  related to the policy influence how teachers make 

sense of the new policy and subsequently implement the policy in their classes 

(Coburn, 2005; Ketelaar et al., 2012; Spillane et al., 2002). The standards adopted in 

2015 for high school biology in Alabama represented a shift in policy toward 

alignment with the NGSS standards. This shift manifested in the form of the standards 

written as performance standards and expansion of the standards related to evolution 

(see Figure 7). The present study sought to identify internal (i.e., acceptance of 

evolution, creationist attitudes, knowledge and relevance) and external factors (i.e., the 

standards, post-secondary education, challenges and supports for teaching evolution) 

that influenced Alabama biology teachers’ sensemaking for these standards and their 

subsequent interpretation of these standards into behaviors or practices for teaching 

evolution (see Figure 2). 

 The present study found associations between internal factors, external factors, 

and teaching practices for evolution. Internal factors of perceived relevance of 

evolution, genetic literacy, and knowledge of evolution were associated with teachers 
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spending more time teaching evolution (see Table 28). Since taking an evolution 

course post-secondarily increased participants perceived relevance of evolution and 

genetic literacy (see Table 9), it is likely taking an evolution course increases the 

amount of time spent teaching evolution.  

Additionally, it was found that the external factors of challenges and supports 

for teaching evolution influenced Alabama biology teachers practices for teaching 

evolution and changes made to their teaching practices in response to the 2015 

standards. The most common challenge for the sampled Alabama biology teachers 

was religious conflict (see Table 13). Teachers experienced resistance to the teaching 

of evolution in the form of personal religious conflict and objections from students, 

parents, administrators, and other teachers (see Tables 10, 11, and 12). Participants 

also identified lack of understanding of evolution by teachers as a major challenge to 

evolution education in Alabama (see Tables 11 and 12). To overcome these 

challenges, teachers felt like more PD is necessary to address knowledge deficits and 

develop skills for managing classroom conflict related to the teaching of evolution as 

evidenced in the interview and focus group data. 

 Participants in the present study made sense of the 2015 standards 

predominantly through assimilation in which they incorporated the new standards for 

evolution into their previous frame of reference (see Table 25). These teachers’ 

previous beliefs about how evolution should be taught in high school biology classes 

aligned with the 2015 standards; therefore, the new standards were easily incorporated 

into their previous practices. However, participants did discuss colleagues not in the 
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sample who reject evolution as a valid theory and made sense of the 2015 standards 

through toleration or distantiation. Due to these insights, it is likely that the trends 

found in the present study are not representative of sensemaking for the evolution 

standards for biology teachers in Alabama.  

The findings for the present study are encouraging for the state of evolution 

education in Alabama, a predominantly conservative, religious state. The present study 

found the amount of time sampled biology teachers in Alabama spent teaching 

evolution (see Figure 8) was similar to states who have historically had strong 

standards for evolution in biology (Moore & Kraemer, 2005). Sampled Alabama 

biology teachers are using a variety of active learning strategies to teach evolution (see 

Tables 33-36). However, alongside teaching evolution there were some sampled 

teachers presenting creationism (N=8, 11%) and/or ID (N=11, 15%) in their biology 

classes (see Table 27) which places evolution equal to ideologies that are not 

supported by scientific evidence. This practice serves to undermine the teaching of 

evolution and nature of science in biology classrooms. The present study also found 

that the changes to the Alabama science standards prompted changes to the sampled 

teachers’ practices for evolution since 2015 (see Table 44). Participants discussed 

changing evolution content being taught and their teaching practices (e.g. spending 

more time teaching evolution, incorporating the science practices) (see Tables 38, 39, 

and 40). PD and increased self-efficacy for teaching evolution also prompted changes 

to sampled biology teachers’ practices for teaching evolution (see Table 45). 
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Individual factors  

Internal (i.e., acceptance of evolution, creationist attitudes, political and 

religious activity, and knowledge and relevance of science and evolution) and external 

factors (i.e., post-secondary education, challenges and supports for teaching evolution, 

textbooks) can influence teacher sensemaking for evolution standards and 

subsequently translation of these standards into behaviors in the classroom for 

teaching of evolution (Coburn, 2005). The present study showed that internal factors 

were influenced by external factors and both internal and external factors influence 

teachers’ practices for teaching evolution. 

Internal factors  

Internal factors related to acceptance of evolution were investigated in the 

present study through items that directly asked participants about religious conflict 

with evolution and their belief that the scientific community accepts evolution as a 

valid theory and subscales of items from the EALS-sf (Short & Hawley, 2012). The 

present study found that acceptance of evolution by Alabama biology teachers 

correlates to all of these internal factors except political activity and misconceptions 

held about evolution (see Table 7). Acceptance of evolution has been shown to affect 

teachers practices for teaching evolution (Rutledge & Mitchell, 2002) making 

acceptance of evolution and internal factors related to acceptance important to 

understanding teachers practices and sensemaking for teaching the Alabama biology 

standards. Short and Hawley (2012) found the subscales in the EALS-sf, including 

political and religious activity, creationist attitudes, misconceptions about evolution, 
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and knowledge and relevance (relevance of evolution, genetic literacy, knowledge of 

evolution, and knowledge of science) to be predictive of university students’ 

acceptance and attitudes toward evolution.  

The present study found that as acceptance of evolution as a valid theory was 

negatively related to personal religious conflict with evolution, religious activity, and 

creationist attitudes increased (see Table 15). Additionally, increases in these factors 

these factors correlated to a decrease in the belief that most scientists consider 

evolution to be a valid scientific theory. These findings indicate that religious beliefs 

have a significant influence over sampled Alabama biology teachers’ perspectives 

toward evolution. The connection between acceptance of evolution and religiosity was 

also found in many other studies (Glaze, 2017; Hawley et al., 2011; Mazur, 2004; 

Rissler et al., 2014; Rutledge & Mitchell, 2002; Schrein, 2017).  

Additionally, the higher order factor of knowledge and relevance, consisting of 

the subscales of knowledge of evolution, genetic literacy, perceived relevance of 

evolution, and knowledge of science, significantly positively correlated to acceptance 

of evolution as a valid theory (see Table 7). These findings agree with the findings of 

previous literature that link understanding of evolution and the nature of science to 

acceptance of evolution (Akyol, Tekkaya, Sungur, & Traynor, 2012; Deniz et al., 

2008; Rutledge & Warden, 2000). These trends could be attributed to higher levels of 

education increasing knowledge of evolution and thus acceptance or less personal 

conflict between religion and evolution increasing individuals’ openness to learning 

evolution. 
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External factors  

External factors can also influence teachers’ internal factors related to 

evolution and sensemaking for evolution standards (Coburn, 2001, 2005). In the 

present study the external factors of the Alabama science standards, post-secondary 

education, challenges and supports for teaching evolution, and textbooks were found 

to be associated with the sampled biology teachers’ internal factors and practices for 

teaching evolution.  

Changes to the 2015 Alabama standards. The 2015 Alabama Course of 

Study: Science (ALSDE, 2015) expanded and changed the focus of the standards 

related to evolution for high school biology in comparison the previous standards 

(ALSDE, 2005) (see Figure 7). The number of standards related to evolution increased 

from two of 16 to four of 16 standards. The redesign of the 2015 standards changed 

wording to more clearly describe the content to be taught in biology classes and focus 

on performance standards as seen in standards 12 and 15. COS 12 in the 2005 

standards was divided into 3 separate standards in the 2015 standards. Within COS 12 

(ALSDE, 2005) (see Figure 7), the first bullet point read, 

Identifying ways in which the theory of evolution explains the nature 

and diversity of organism, 

 

became the stand alone standard COS 15 in the 2015 standards (ALSDE, 2015): 

Engage in argument from evidence (e.g., mathematical models such as 

distribution graphs) to explain how the diversity of organisms is 

affected by overpopulation of species, variation due to genetic 

mutations, and competition for limited resources. 
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Changes like this bring the Alabama biology standards into closer alignment with 

NGSS which emphasizes science practices and evolution in the life sciences (NGSS 

Lead States, 2013). These changes could represent a major change in how science it is 

taught in Alabama. 

Post-secondary education. The present study investigated relationships 

between the external factor of post-secondary education and the internal factors of 

acceptance of evolution and factors that influence acceptance. Many studies have 

found correlations between high levels of education and acceptance of evolution 

(Deniz, Donnelly, & Yilmaz, 2008; Miller, Scott, & Okamoto, 2006; Rutledge & 

Mitchell, 2002; Trani, 2004; Zimmerman, 1987). Some of the participants in this study 

believe the same indicating that having degrees in biology increases understanding of 

evolution. However, the present study’s findings do not support this idea. Specifically, 

it was found that the number of post-secondary biology credit hours taken by the 

sampled biology teachers had little effect on acceptance of evolution and the internal 

factors related to acceptance (see Table 8). However, it is possible that taking more 

biology classes in college does decrease misconceptions about evolution held by the 

teachers sampled based on effect size as was found my Short and Hawley (2012) when 

they studied university students. 

The present study did find that taking an evolution course post-secondarily did 

influence internal factors related to acceptance of evolution and understanding of 

evolution (see Table 9). Taking an evolution course was associated with fewer 

creationist attitudes, considering evolution more relevant, and a better understanding 



Texas Tech University, Carolanne Grogan, May 2020 

136 

of genetics. Interestingly, taking an evolution course was not significantly related to 

knowledge of evolution as measured by the EALS-sf subscale (Hawley & Short, 

2013). On the one hand these findings could suggest that taking an evolution course is 

more impactful on internal factors correlated to acceptance of evolution than taking 

more biology courses. On the other hand, I may not have measured knowledge in a 

way that did not captured knowledge differences resulting from taking more biology 

courses post-secondarily. Additionally, the number of biology courses overall may 

have less of an impact due to the types of biology courses being taken or less emphasis 

on the process of evolution in these biology courses. 

Perceived challenges for teaching evolution. Challenges experienced by 

teachers across the U.S. have been identified in the literature; however, each location 

has its own culture which causes these challenges to vary from state to state and even 

school to school. Previously identified challenges to teaching evolution include 

teachers lack of content and pedagogical knowledge, lack of self-efficacy teaching 

evolution amongst teachers, lack of curricular materials, religious conflict for teaching 

evolution, and external pressure (Glaze & Goldston, 2015; Pobiner, 2016). 

The present study found that religious conflict with evolution was the most 

often cited challenge (38%) (Table 13). Religious conflict manifested as a challenge in 

4 ways: 1) personal conflict, 2) student conflict, 3) external, and 4) other teachers. 

Student conflict was most frequently discussed by the participants. Student conflict 

challenges the teaching of evolution in the classroom as resistance to the learning the 

theory, questioning of the science behind evolution, and the asking of questions rooted 
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in creationist and ID ideology. Teachers who are not well versed on the theory of 

evolution, creationism, and ID can find these situations particularly hard to navigate. 

Hawley and Sinatra (2019) sought to address this issue through PD. Previous studies 

have found that acknowledging students’ religious beliefs related to evolution and 

giving assurances that acceptance of evolution is not a learning target can make 

students more open to learning evolution (Bertka, Pobiner, Beardsley, & Watson, 

2019; Meadows et al., 2000; Pobiner, 2016). Participants in the present study 

described using this strategy to reduce student resistance to learning evolution (see 

Tables 38 and 39). External religious conflict referred to challenges to teaching 

evolution for religious reasons from school and district administration, students’ 

parents, and others in the community. Examples of challenges experienced from 

external sources included being told by administrators not to teach evolution or that 

students who objected to learning evolution did not have to learn it. Additionally, 

participants reported receiving letters and emails from parents opposing the teaching 

of evolution. Participants also experienced difficulty teaching evolution when working 

with other teachers who openly disagree with evolution and/or do not teach the theory. 

They felt like these attitudes from other teachers undermined their teaching and served 

to make it more difficult for them to teach evolution with depth and accuracy. 

 The second most commonly identified challenge was knowledge of evolution 

(see Table 13). Participants described students entering their classes with no prior 

knowledge of evolution which they should have learned with less depth in seventh 

grade life science (ALSDE, 2005, 2015). More alarming is the frequency with which 
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participants discussed teacher knowledge of evolution as being a challenge to the 

teaching of evolution in Alabama. Participants described instances of engaging in 

conversations with other teachers who did not understand evolution and teaching 

students who have been taught misconceptions about evolution by previous teachers. 

Teachers’ lack of knowledge about evolution and the nature of science has been 

observed around the U.S. (Moore & Kraemer, 2005; Rutledge & Mitchell, 2002; 

Rutledge & Warden, 2000; Zimmerman, 1987), affirming these utterances. 

 Supports for teaching evolution. Teachers require supports for effectively 

meeting state standards including training, resources, and interactions with other 

teachers. The present study found that Alabama teachers have a wealth of resources 

available to them for supporting the teaching of evolution, however, the equitable 

distribution and motivation of teachers to make use of these resources is questionable.  

It is important that teachers feel supported by the state and locally for the 

teaching of controversial topics like evolution (Goldston & Kyzer, 2009; Hawley & 

Sinatra, 2019). The present study found that that the sampled teachers feel that the 

2015 standards add additional support to the teaching of evolution in their classes and 

some teachers invoke the standards when challenged about teaching evolution (see 

Table 17). There were conflicting reports for support from district and school 

administration. Some teachers reported administration being supportive of teaching 

evolution and trusting them to make the best decisions for their classroom. However, 

some participants described district superintendents and school administration who did 
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not support their teaching of evolution when challenged by students and/or parents and 

directly told teachers to avoid the topic of evolution.  

Additionally, a small segment of those sampled wanted the support for 

teaching evolution weakened and/or support for teaching creationism in Alabama 

biology classes. One participant requested better guidelines for teaching creationism 

and navigating legal issues surrounding the teaching of creationism. The legality of 

teaching evolution and exclusion of teaching creationism has been well established in 

the courts (Moore, 2004). However, the state of Alabama like many other conservative 

states has a history of attempting to pass academic freedom bills which are drafted and 

supported by organizations that promote creationism and ID. As recently as 2017, the 

Alabama House passed a non-binding resolution supporting teachers in the teaching of 

creationism alongside evolution (Branch, 2017). Some of the participants find this 

trend a challenge to teaching evolution and discussed the need for the state to support 

the teaching of only scientifically valid concepts in biology.  

 Professional development. The present study found that Alabama teachers do 

have PD that addresses evolution available. The sampled teachers frequently discussed 

the availability and influence of ASIM and LUDA PD on their practices for teaching 

evolution (see Table 18). ASIM and LUDA PD address both content and pedagogy. 

ASIM is available statewide and was taken advantage of by the predominance of the 

participants. Teachers found the PD provided and resources provided to be essential to 

their teaching of the biology standards. LUDA PD and resources also address 
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addressing religious conflict toward evolution in the classroom (“Learning evolution 

through human and non-human case studies,” 2019).  

The present study found that there still exists a need for PD focused on 

evolution content and managing personal and classroom religious conflict when 

teaching of evolution (see Table 18). PD for biology teachers is being develop and 

tested to fill this need. Hawley and Sinatra (2019) field tested a one-day PD in West 

Texas that focused on developing evolution content knowledge and managing 

religious conflict to decrease teachers’ negative feelings towards teaching evolution. 

The LUDA program from the Smithsonian is also conducting field tests of curriculum 

that addresses the evolution standards in Alabama at the time of this writing (B. 

Pobiner, personal communication, Aug. 27, 2019). The Smithsonian resources include 

human and non-human examples of evolution and religious and cultural sensitivity 

(Bertka et al., 2019; Pobiner, Beardsley, Bertka, & Watson, 2018).  

Resources and activities. Alabama teachers sampled indicated having a wide 

variety of resources available to them for teaching evolution (see Table 18). Resources 

supplied by ALSDE included ASIM activities and laboratories and the Alabama 

Learning Exchange (ALEX).  ALEX is a website developed by ALSDE to provide 

teachers with unit plans, lessons, learning activities, and multimedia aligned with the 

Alabama standards (ALSDE, 2017). A+ College Ready was another resource 

participants used. A+ College Ready is a non-profit that promotes teaching Alabama 

students at a higher level by providing PD and curriculum and pacing resources to 

Alabama teachers (“A+ College Ready,” n.d.). As part of this mission, A+ College 
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Ready provides Laying the Foundation and AP Biology PD and curriculum and pacing 

guides to biology teachers at partner schools. For most of the participants, their 

resource needs for teaching evolution are being met. Based on the abundance of 

references to ASIM, it is likely that ASIM is meeting a large portion of the laboratory 

supply needs of biology teachers across the state. ASIM appears to be a relatively 

unique program in the U.S. At a recent conference for the leadership of state science 

teacher associations, the Alabama Science Teacher Association’s president shared 

with other state leaders how ASIM services high school science teachers. No other 

state leaders shared similar programs from within their state (B. Shelton, personal 

communication, July 27, 2019). 

Textbooks. Textbooks available often influence the content taught in a course 

and how it is taught (Sánchez & Valcárcel, 1999). Almost half of the survey 

respondents use a textbook for teaching their biology classes (see Table 19). Most of 

the textbooks used were published 10 or more years ago. These textbooks may include 

out of date material and be aligned to the 2005 Alabama science standards which 

included few standards for evolution, cherry-picked concepts to be taught, and all but 

ignored macroevolution by using vague language (see Figure 7).  

Thirty percent of the teachers had textbooks that included an evolution 

disclaimer pasted in the front of them (see Table 21). This disclaimer serves to 

undermine the teaching of evolution by indicating that it is just a theory (Branch, 

2017b; Hawley & Phillips, 2017). The data collected in the present study indicated 
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that ALSDE is not enforcing the placement of the disclaimer in newer textbooks 

despite reaffirming the use of the disclaimer in 2016 (Branch, 2017). 

Sensemaking for the 2015 standards 

State standards for science represent state guidelines for what should be taught 

in science classes. While these standards are mandated to be taught by public school 

teachers within the state, ultimately the teachers, themselves, control what is taught 

and how it is taught in their classrooms (Skoog & Bilica, 2002). How teachers make 

sense of policy changes, like changes to state standards, will determine how the policy 

is implemented in their classrooms (Cobern et al., 2010; Ketelaar et al., 2012). 

Teachers make sense of standards through a cognitive process which frames meaning 

of standards through their prior beliefs, knowledge, and experiences (Spillane et al., 

2006). The 2015 Alabama standards related to evolution for high school biology 

represented a policy that would be very difficult for some biology teachers to make 

sense of in a way that aligned with the intent of the standards. These standards could 

disagree with some teachers’ pervious knowledge, beliefs about evolution and the 

creation of life, and beliefs about what should be taught in their biology classes. The 

work of Coburn (2005) and Spillane, Reiser, and Gomez suggests accommodation of 

these standards would represent a major change to these teachers’ cognitive 

frameworks making sensemaking for these standards very difficult. 

 The teachers who participated in the present study predominantly made sense 

of the 2015 standards though assimilation in which they assimilated the new evolution 

standards into their previous frame of reference (see Table 25). Many of these teachers 
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were teaching evolution in depth in their classes prior 2015; therefore, their practices 

for teaching evolution were in alignment with the 2015 standards and did not require 

adjustment. Teachers also described accommodation in which they changed their 

frame of reference for teaching evolution to accommodate the new expectations set 

forth by the 2015 standards. They described accommodation through changing their 

practices to focus on application of knowledge and placing greater emphasis on the 

teaching of evolution in their classes. The predominance of these two types of 

sensemaking is not surprising as the most of those sampled consider evolution to be 

mostly or completely valid (see Figure 6). Therefore, the changes to the standards for 

evolution in relatively close alignment with the teachers’ previous frame of reference 

for evolution. However, this was not the case for all biology teachers in Alabama. 

Toleration of the evolution standards was also observed amongst the participants 

particularly for those who experience personal religious conflict for evolution and/or 

are uncomfortable managing conflict over evolution that may arise in their classrooms. 

These teachers spend less time teaching evolution and avoid teaching the more 

controversial concepts of macroevolution and human evolution. This finding aligns 

with research on cognitive sensemaking which found that people pay less attention to 

information that refutes or challenges their prior beliefs and interpret educational 

policy through the lens of their person expectations and biases (Spillane et al., 2006). 

Distantiation and rejection of the requirement to teach the evolution standards 

were observed in this study when participants referenced the practices and feelings of 

teachers who did not participate in the present study (see Table 25). Participants 
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described knowing other biology teachers who spend very little time teaching 

evolution displaying toleration for the standards and do not teach evolution (i.e., 

distantiation). Reasons described by the participants for why other teachers are 

rejecting the changes to the standards included religious objections to the teaching of 

evolution and lack of knowledge of evolution. These observations indicate that those 

sampled for in this study are not representative of the perspectives and experiences of 

all Alabama biology teachers. 

Coburn (2005) found that policy changes, like changes to standards, are 

rejected when teachers believe that the concepts are too difficult for their students, are 

philosophically opposed to the changes, and consider the changes to be unmanageable 

and outside the bounds of comprehensibility. These factors were observed in the 

present study. A participant noted disagreement with the changes because her students 

were not capable of understanding evolution. Those who have strong religious 

objections to the evolution may find managing their religious conflict unmanageable 

and the teaching of a concept they consider invalid to be incomprehensible. 

Additionally, some of the participants work with administrators at the school and 

district level who rejected this change in policy and the teaching of these standards all 

together. 

Sensemaking for the changes to the 2015 standards could have been managed 

by the state, districts, and schools through engaging teachers in shared sensemaking 

(Coburn, 2001; Soini et al., 2018; Spillane et al., 2006). The state could have sent a 

clear message for the expectations related to the standards by engaging teachers in 
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training on the standards and science practices. Through interaction with other 

teachers during these trainings collective sensemaking could occur. Soini et al. found 

that a more standardized interpretation of the standards could have been achieved by 

states, districts, and schools facilitating these discussions. Participants in this study 

indicated being engaged in minimal training and processing of the 2015 standards at 

any level, state, district, or school. PD and activities aligned with the 2015 standards 

were provided by ASIM for high school biology, chemistry, and physics teachers. 

However, this training did not include all of the high school science teachers in the 

state and only addressed standards associated with the activities on which the teachers 

are being trained. This lack of collective sensemaking may account for the amount of 

variation found in what evolution content is taught and how it is taught observed in the 

present study.  

It should be noted that shared sensemaking for a policy that does not align with 

prior knowledge, beliefs, and community norms can lead to misinterpretation or 

rejection of the policy (Coburn, 2001; Spillane et al., 2006). Collective sensemaking 

amongst teachers who do not accept evolution and lack accurate knowledge of 

evolution could lead to collective rejection of the of the standards for evolution.  

Behaviors 

Most of the sampled biology teachers in Alabama reported teaching evolution; 

however, they vary in content they are teaching, how they are teaching it, and how 

closely their practices align to the 2015 Alabama Course of Study: Science (ALSDE, 

2015). 
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Practices for teaching evolution  

The present study found that Alabama biology teachers are using a variety of 

pedagogies to teach evolution content in the 2015 Alabama science standards for 

evolution. Some the participants in the present study are spending extending amounts 

of time teaching evolution and extending the evolution content beyond what is 

required by the standards. 

Alabama biology teachers spend more time discussing natural selection (see 

Table 26) despite this concept being only part of one of the four standards (see Figure 

7). Speciation ranked as one of the least discussed concepts even though analyzing the 

evidence for speciation is one of the four standards for evolution. Human evolution 

was ranked as the least discussed concept. However, some participants did reference 

using human examples for teaching evolution from HHMI BioInteractive  and 

participating in LUDA PD for Smithsonian evolution curriculum which includes 

human evolution examples (“Learning evolution through human and non-human case 

studies,” 2019; Pobiner, B., personal communication, Aug. 27, 2019) and using their 

curriculum in their biology classes. 

The topics of speciation, common ancestry, and human evolution are possibly 

being avoided by many teachers due to lack of understanding, the controversial nature 

common ancestry and human evolution, and rejection of macroevolution in the ID 

movement. A 2019 Gallup poll found that 40% of Americans believe in a strictly 

creationist view of human origins in which humans were created in their current form 

and have undergone no evolution. Another 22% believe the ID view that humans 



Texas Tech University, Carolanne Grogan, May 2020 

147 

evolved with guidance from God (Brenan, 2019). Sampled science teachers may have 

been avoiding these topics because they may trigger conflict in the classroom due to 

religious beliefs (Goldston & Kyzer, 2009; Meadows et al., 2000; Rutledge & 

Warden, 1999). Religious conflict was one of the major challenges to teaching 

evolution that Alabama biology teachers reported (see Table 13). Participants also 

discussed avoiding the term evolution and common ancestry to avoid conflict in their 

classes. Additionally, these topics have historically been among the least commonly 

included in state science standards (Skoog & Bilica, 2002; Swanson, 2007).  

 The present study found that some of the Alabama biology teachers sampled 

are teaching creationism (11%) and ID (15%) in their classes (see Table 27). However, 

the majority of respondents (96%) are teaching evolution as a standalone unit or as 

part of other units every year. Moore and Kraemer (2005) found 15% in 1995 and 

20% in 2003 of teachers surveyed in Minnesota were teaching creationism in their 

biology classes. Their study showed that even a state with a history of strong standards 

for evolution has teachers presenting scientifically invalid alternatives to evolution. 

Bowman (2008) also found that students at a public university reported creationism 

being taught one third and ID being taught one fifth of the time within their high 

school biology classes. Due to the to the likelihood that teachers who consider 

evolution to be an invalid theory are underrepresented in the present study (see Figure 

6), it is likely that the incidence of Alabama biology teachers presenting 

creationism/ID is also underestimated. Most of the students in Bowman’s study 

reported that creationism and ID were presented as lacking scientific evidence. It is 
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preferable for creationism and ID to be presented as scientifically invalid due to being 

ideologies that are not supported by scientific evidence if they are discussed at all in 

Alabama biology classes.  

 A large portion of the sampled biology teachers in Alabama were dedicating a 

large amount of time to teaching evolution with 33% spending 3 or more weeks of 

class time teaching evolution (see Figure 8). It is likely that this sample is not 

representative of the population of biology teachers in Alabama as it included very 

few teachers who were not teaching evolution and/or consider evolution to be an 

invalid theory. However, these findings are encouraging when compared to those of 

studies conducted in other states. The amount of class time devoted to teaching 

evolution was higher than that found by Rutledge and Mitchell (2002) who found 17% 

of Indiana biology teachers to be spending 15 plus days. Rutledge and Mitchell’s 

study also utilized a survey to gather a sample (56% of the high school biology 

teachers in Indiana) which was likely representative of their population. The sampled 

Alabama teachers are spending similar amounts of time teaching evolution as those in 

Minnesota where Moore and Kraemer (2005) found 36% of biology teachers to be 

spending 11 or more days teaching evolution. Additionally, some teachers who 

participated in this study indicated spiraling evolution throughout their course (see 

Table 32). This practice increases the amount of time spent teaching evolution and 

connects it to other units in biology.  

 Nelson (2008) put forth three instructional strategies for increasing students’ 

acceptance and understanding of evolution: 1) embrace active learning, 2) focus on 
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developing students critical and scientific thinking, and 3) directly address student 

resistance and misconceptions. Alabama biology teachers sampled were found to be 

using these strategies in their classes. The most frequently referenced pedagogy was 

hands-on and laboratory activities (34%, see Table 32). This type of pedagogy can 

directly address the performance components of the Alabama evolution standards 

including engage in argument from evidence and analyze scientific evidence which 

focus on students using critical and scientific thinking. Sixty-five percent of 

participants referenced the use of ASIM and HHMI BioInteractive activities for 

teaching evolution (see Table 32). ASIM is a part of the Alabama Math, Science, and 

Technology Initiative (AMSTI) funded by ALSDE in which specialists for biology, 

physics, and chemistry are located regionally throughout the state to provide PD and 

lab activities and materials to high school science teachers (“AMSTI: Science in 

Motion,” 2012). The activities provided by ASIM are designed specifically to address 

the Alabama state science standards. The HHMI BioInteractive website contains 

videos and activities for teaching wide variety of biological concepts (“HHMI 

BioInteractive,” n.d.). The goal of the website is to engage students with real science 

and data. Both of these sources of activities include activities that build critical and 

scientific thinking and address misconceptions. Additionally, some teachers discussed 

addressing students’ reservations about learning evolution including religious conflict 

(see Tables 38 and 39) which has been identified as a way to reduce student resistance 

to learning evolution (Bertka et al., 2019; Meadows et al., 2000; Pobiner et al., 2018).  
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Relationships between time spent teaching evolution and internal factors. 

The present study found that the time teachers spend teaching evolution during a 

course is not related to teachers’ acceptance of evolution but is significantly related to 

the internal factors of perceived relevance of evolution, genetic literacy, and 

knowledge of evolution (see Table 28). The findings of the present study indicate that 

teachers who perceive evolution to be relevant and have higher genetic literacy and 

knowledge of evolution spend more time teaching evolution. Having more knowledge 

about these topics may equate to these teachers having more self-efficacy for teaching 

evolution. Akyol et al. (2012) found that high levels of knowledge of science and 

evolution correlated to high levels of self-efficacy for teaching evolution. The present 

study found that teachers did note their educational background, participation in PD, 

and increased self-efficacy as factors that influenced the changes they made to their 

teaching practices for evolution (see Table 45). 

Changes to teaching practices  

Alabama biology teachers sampled reported moderate levels of change to the 

content they teach (Figure 9) and pedagogy they use (Figure 10) for teaching 

evolution. The majority of survey respondents reported little change to the content 

they were teaching, but most reported some change to the pedagogy they were using. 

Survey respondents indicated no changes to practices and spending more time 

teaching evolution in similar amounts. The qualitative data align with these findings 

with 45% of the changes observed referencing pedagogy for teaching evolution and 

16% describing making no changes to their practices (see Table 41).  



Texas Tech University, Carolanne Grogan, May 2020 

151 

The changes to practices were mostly frequently noted to have occurred in 

response to the changes in the 2015 state standards (see Table 45). Changes to the 

standards to include science practices and expand the content taught encouraged 

teachers to focus on application of knowledge, incorporate new activities, and spend 

more time teaching evolution. Other studies by Moore (2009) and Bowman (2008) 

have called into question whether state science standards actually influence teaching in 

the classroom. The present study’s findings align with those of Goldston and Kyzer 

(2009) that the Alabama standards do impact the teaching of evolution in biology 

classes. Additionally, teachers sampled referenced the influence of the national 

standards for AP and IB on their practices for teaching evolution. 

Sampled teachers’ practices were also influenced by PD attended and 

developing self-efficacy for teaching evolution (see Table 45). Teachers’ described 

developing tools for teaching evolution and managing religious conflict through 

training and personal growth as a teacher. These findings indicated that PD is an 

effective tool for changing Alabama biology teachers’ practices for teaching evolution. 

Teachers who indicated no changes to their practices gave a variety of reasons 

including teaching biology to meet national standards, such as AP and IB, and 

teaching evolution at the depth of the 2015 prior to their adoption (see Table 45). 

Teachers who are not meeting the new standards and did not change their practices did 

so because there is not state test providing accountability for teaching evolution and 

their belief that they students do not have the mental ability to understand the theory of 

evolution. It is has been found in previous studies that teachers are less likely to teach 
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evolution if it is not being assessed on a state assessment (Goldston & Kyzer, 2009; 

Lerner et al., 2012; Pobiner, 2016). 

Implications 

 The findings of the present study indicate that Alabama is making strides 

toward providing evolution education that meets national standards despite having a 

long history of being resistant to the teaching of evolution in its public schools. Most 

of the biology teachers who participated in the present study are teaching evolution to 

varying degrees. In fact, most of the sampled Alabama biology teachers are spending a 

large amount of time teaching evolution and are using a variety of activities that 

engage students in the science practices. 

 The teaching of evolution in Alabama high school biology classes was 

influenced by teacher sensemaking for the 2015 standards which was guided by 

internal and external factors. Acceptance of evolution by Alabama biology teachers 

sampled was influenced by their religious beliefs and their knowledge of evolution 

and science. Knowledge could be increased through post-secondary course work. 

Logic would indicate that increasing post-secondary studies in biology would increase 

acceptance of evolution. However, the present study found that acceptance of 

evolution did not correlate with post-secondary course work in biology. Taking an 

evolution course post-secondarily, however, did increase participants’ perceived 

relevance of evolution, knowledge of evolution, and genetic literacy which was found 

to influence the amount of time teachers spend teaching evolution. These findings 

indicated that pre-service biology teachers should take a course on evolution. 
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Additionally, it could be beneficial to have in-service teachers take a course online or 

during the summer taught by evolutionary biologists to increase their knowledge of 

evolution and expand their teaching practices. This type of course work and PD could 

aid in restructuring teachers frame of reference for making sense of the standards for 

evolution so that they can translate the standards into teaching practices that reflect the 

intention of the policy change. 

 While the most participants appear to be attempting to meet the expectations 

set forth by the 2015 Alabama science standards, some teachers are still minimizing or 

avoiding the most controversial aspects of evolution, macroevolution and human 

evolution. It is evident that Alabama teachers need more training and support for 

teaching this aspect of evolution. Teachers requested quality PD focused on both 

content and managing personal and student religious conflict. Biology teachers at all 

levels of knowledge could benefit from cultural sensitivity PD and resources for 

teaching controversial topics like evolution as the most referenced challenge to 

teaching evolution was religious conflict.  

Future Research 

 The present study raises several avenues for future research. The present study 

indicated the need for additional research on the perspectives and practices of biology 

teachers who experience higher levels personal conflict for teaching evolution. The 

present study did not sample enough teachers who consider evolution invalid to 

generalize their experiences, sensemaking for the 2015 standards for evolution, and 

teaching practices. There is a need for research that directly connects long term 
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changes to teaching practices for evolution to interventions focused on evolution 

content, pedagogy, and managing religious conflict. Future research is needed to 

explore the influence of taking an evolution course post-secondarily or as continuing 

studies for in-service teachers to self-efficacy and practices for teaching evolution. 

Additionally, future research should be conducted to correlate specific teaching 

practices such as content taught and strategies used for teaching evolution to internal 

factors related to evolution and biology classes taken post-secondary.  

Conclusions 

 The present study found associations between individual teachers’ internal and 

external factors related to evolution, their sensemaking for the evolution standards, 

and practices for teaching evolution. The factors that influenced the teaching of 

evolution the most in Alabama were knowledge and challenges to teaching evolution. 

Most of the Alabama biology teachers sampled are spending similar amounts of time 

covering the standards for evolution in the 2015 Alabama Course of Study: Science 

(ALSDE, 2015) as teachers in states with a history of strong standards for evolution. 

Based on the findings of the present study, the teaching of evolution could be 

increased by increasing teachers’ knowledge of evolution and science and perceived 

relevance of evolution through the requiring preservice and in-service teachers to take 

an evolution course. In Alabama, religious conflict was the biggest challenge faced by 

biology teachers for teaching evolution. They experience this challenge from all sides 

including students, parents, administrators, other teachers, and their own personal 

beliefs. The challenge of religious conflict could be mitigated by providing biology 
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teachers with PD and resources focused on managing religious conflict with the theory 

of evolution. While Alabama teachers received support and resources for teaching 

evolution from a variety of sources, it is likely that some teachers across the state are 

not taking advantage of these resources or do not have access.   

Alabama biology teachers have made changes to their teaching practices since 

the adoption of the 2015. These changes including expanding content taught and 

pedagogy for teaching evolution. Some teachers changed their practices in response to 

the 2015 standards while others changed their practices in response to PD and building 

self-efficacy for teaching evolution. These findings indicated that PD has been 

effective for changing biology teachers’ practices for teaching evolution in Alabama. 

PD for evolution should be expanded and required for Alabama biology teachers. 
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APPENDIX A 

SURVEY 

Standard: Consent Block (1 Question) 

Standard: Making Sure they are eligible for Survey (2 Questions) 

Branch: New Branch 

If 

If Please press or click the button of the subject you primarily teach in the state of 

Alabama: High School Biology Is Selected 

Block: Biology block (11 Questions) 

Branch: New Branch 

If 

If Please press or click the button of the subject you primarily teach in the state of 

Alabama: 7th grade Life Science Is Selected 

Block: Life Science block (11 Questions) 

BlockRandomizer: 15 - Evenly Present Elements 

Block: Curriculum and student belief Preferences (2 Questions) 

Block: Education (4 Questions) 

Block: Textbook disclaimer (2 Questions) 

Block: direct personal views on evolution (4 Questions) 

Block: Political activity subset (4 Questions) 

Block: Religious activity subset (5 Questions) 

Block: Intellegent design fallacies subset (1 Question) 

Block: distrust of science subset (1 Question) 

Block: relevance of evolution subset (1 Question) 

Block: genetic literacy subset (1 Question) 

Block: evolution knowledge subset (1 Question) 

Block: misconceptions about evolution subset (1 Question) 

Block: misconceptions about evolution subset (1 Question) 

Block: knowledge of science subset (1 Question) 

Block: support and resources (4 Questions) 

Block: Demographic questions (7 Questions) 

Page Break  
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Start of Block: Consent Block 

 

Q1 Please review this information sheet  before decided whether to proceed with this 

survey.   

    

You may use this link to print this form for your records. 

o Yes, I am over the age of 18 agree to participate in this study.  (1)  

o No, I am not over the age of 18 agree or do I agree to participate in this study.  

(2)  

 

End of Block: Consent Block 
 

Start of Block: Making Sure they are eligible for Survey 

 

Q8 Please press or click the button of the subject you primarily teach in the state of 

Alabama: 

o 7th grade Life Science  (1)  

o High School Biology  (2)  

o Neither of These or I do not teach these subjects in public schools in Alabama.  

(3)  

 

Skip To: End of Survey If Please press or click the button of the subject you primarily teach in the state 
of Alabama: = Neither of These or I do not teach these subjects in public schools in Alabama. 

 

 

Q97 Have you been teaching 7th grade Life Science or High School biology in an 

Alabama public school since the 2015 change in AL science standards? 

o Yes  (1)  

o No  (2)  

 

Skip To: End of Survey If Have you been teaching 7th grade Life Science or High School biology in an 
Alabama public school... = No 

https://educttu.az1.qualtrics.com/CP/File.php?F=F_3PB29Mcmyo09SHX%22%20target=%22_blank
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End of Block: Making Sure they are eligible for Survey 
 

Start of Block: Biology block 

 

Q13 Have your teaching practices for evolution and evolution-adjacent topics (for 

examples the age of the Earth, fossil record, etc.) changed since the adoption of the 

2015 AL Science COS? 

 

 

Changes are what (content or curriculum) you teach and how (pedagogy or 

instruction) you teach evolution topics. 

 

 

Please move the slider bar to rate yourself on a scale of 0 (no change) to 10 

(completely changed) for both indicators below. 

 0= no change 10= complete change 
 

 0 1 2 3 4 5 6 7 8 9 10 
 

The content I teach related to 
evolution: ()  

How I teach topics related to 
evolution: ()  

 

 

Skip To: Q65 If Have your teaching practices for evolution and evolution-adjacent topics (for examples 
the age of... = The content I teach related to evolution: 

 

 

Q14 How have your teaching practices for these topics changed?  
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Please choose all that apply. 

▢ I spend more time on these topics.  (1)  

▢ I spend less time on these topics.  (2)  

▢ I have eliminated these topics from my class.  (3)  

▢ I have changed my activities.  (4)  

 

 

 

Q15 Please describe some specific changes to your teaching practices on evolution. 

 

 

Please provide some examples in the text box below.  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

 

Q84 What are some reasons for this change in your teaching practice related to 

evolution topics in high school biology? 

________________________________________________________________ 
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Q65 How much time (class periods or blocks) in the school year do you devote to 

topics of evolution (e.g. change over time, natural selection, etc.)? 

o 0-3 days  (1)  

o 4-7 days  (2)  

o 8-14 days  (3)  

o 15 or more days  (4)  

 

 

 

Q69 Do you teach a section (as a whole unit or as part of a unit) on intelligent 

design in your biology course? 

o Yes, as a stand alone unit on intelligent design.  (1)  

o Yes, but as a part of the other unit(s) in biology.  (3)  

o Some years I teach intelligent design as a unit or part of a unit, some years I do 

not.  (2)  

o No, I do not teach intelligent design in my biology class.  (4)  

 

 

 

Q100 Do you teach a section (as a whole unit or as part of a unit) on creationism in 

your biology course? 

o Yes, as a stand alone unit on creationism.  (1)  

o Yes, but as a part of the other unit(s) in biology.  (3)  

o Some years I teach creationism as a unit or part of a unit, some years I do not.  

(2)  

o No, I do not teach creationism in my biology class.  (4)  
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Q101 Do you teach a section (as a whole unit or as part of a unit) on evolution in your 

biology course? 

o Yes, as a stand alone unit on evolution.  (1)  

o Yes, but as a part of the other unit(s) in biology.  (3)  

o Some years I teach evolution as a unit or part of a unit, some years I do not.  

(2)  

o No, I do not teach evolution in my biology class.  (4)  

 

 

 

Q63 Rank these topics from most discussed to least discussed in your science 

class(es) related to Evolution: 

 

 

Press or click the topic and slide it to the position of most discussed (1) to least 

discussed (8). 

______ Natural Selection (1) 

______ Artificial Selection (2) 

______ Direct Evidence for Evolution (DNA similarities, biochemical similarities, 

radiometric dating, finch beaks) (3) 

______ Indirect Evidence for Evolution (homologous structures, vestigial structures, 

embryology, fossil record, cladograms, biogeography) (4) 

______ Classification of Organisms (5) 

______ Speciation (6) 

______ Human Evolution (7) 

______ Other (Please describe) (8) 

 

 

 

Q67 Do you currently teach from a textbook (hard copy or digital)? 

o Yes  (1)  

o No  (2)  
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Skip To: End of Block If Do you currently teach from a textbook (hard copy or digital)? = No 

 

 

Q68 Which textbook do you use? 

o Image:Campbell lite  (1)  

o Image:Glencoe 2004  (2)  

o Image:Glencoe 2008  (3)  

o Image:Holt mcdougal 2008  (4)  

o Image:Mcgraw hill 2017  (5)  

o Image:Miller & levine 2010  (6)  

o Image:Miller & levine 2019  (7)  

o Image:Miller&levine 2006  (8)  

o Image:Modern biology 2005  (9)  

o Other:  (10) ________________________________________________ 

 

End of Block: Biology block 
 

Start of Block: Life Science block 

 

Q71 Have your teaching practices for evolution and evolution-adjacent topics (for 

examples the age of the Earth, fossil record, etc.) changed since the adoption of the 

2015 AL Science COS? 

 

 

Changes are what (content or curriculum) you teach and how (pedagogy or 

instruction) you teach evolution topics. 
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Please move the slider bar to rate yourself on a scale of 0 (no change) to 10 

(completely changed) for both indicators below. 

 0= no change 10= complete change 
 

 0 1 2 3 4 5 6 7 8 9 10 
 

The content I teach related to 
evolution: ()  

How I teach topics related to 
evolution: ()  

 

 

Skip To: Q74 If Have your teaching practices for evolution and evolution-adjacent topics (for examples 
the age of... = The content I teach related to evolution: 

 

 

Q72 How have your teaching practices for these topics changed?  

 

 

Please choose all that apply. 

▢ I spend more time on these topics.  (1)  

▢ I spend less time on these topics.  (2)  

▢ I have eliminated these topics from my class.  (3)  

▢ I have changed my activities.  (4)  

 

 

 

Q73 Please describe some specific changes to your teaching practices on evolution. 

 

 

Please provide some examples in the text box below.  

________________________________________________________________ 

________________________________________________________________ 
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________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

 

Q85 What are some reasons for this change in your teaching practice related to 

evolution topics in 7th grade life science? 

________________________________________________________________ 

 

 

 

Q74 How much time (class periods or blocks) in the school year do you devote to 

topics of evolution (e.g. change over time, natural selection, etc.)? 

o 0-3 days  (1)  

o 4-7 days  (2)  

o 8-14 days  (3)  

o 15 or more days  (4)  

 

 

 

Q75 Do you teach a section (as a whole unit or as part of a unit) on evolution in your 

life science class? 

o Yes, as a stand alone unit on evolution.  (1)  

o Yes, but as a part of other unit(s) in life science.  (4)  

o Some years I teach evolution as a unit or part of a unit, some years I do not.  

(2)  

o No, I do not teach evolution in my life science class.  (3)  
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Q99 Do you teach a section (as a whole unit or as part of a unit) on Intelligent 

design in your life science class? 

o Yes, as a stand alone unit on intelligent design.  (1)  

o Yes, but as a part of other unit(s) in life science.  (4)  

o Some years I teach intelligent design as a unit or part of a unit, some years I do 

not.  (2)  

o No, I do not teach intelligent design in my life science class.  (3)  

 

 

 

Q98 Do you teach a section (as a whole unit or as part of a unit) on creationism in 

your life science class? 

o Yes, as a stand alone unit on creationism.  (1)  

o Yes, but as a part of other unit(s) in life science.  (4)  

o Some years I teach creationism as a unit or part of a unit, some years I do not.  

(2)  

o No, I do not teach creationism in my life science class.  (3)  

 

 

 

Q77 Rank these topics from most discussed to least discussed in your science 

classroom related to Evolution: 
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Press or click the topic and slide it to the position of most discussed (1) to least 

discussed (8). 

______ Natural Selection (1) 

______ Direct Evidence for Evolution (DNA similarities, biochemical similarities, 

radiometric dating, finch beaks) (2) 

______ The Fossil Record (3) 

______ cladograms and phylogenetic trees (4) 

______ anatomical evidence (homologous structure, vestigial structures, etc.) (5) 

______ Human Evolution (6) 

______ Other (Please describe) (7) 

 

 

 

Q79 Do you currently teach from a textbook (hard copy or digital)? 

o Yes  (1)  

o No  (2)  

 

Skip To: End of Block If Do you currently teach from a textbook (hard copy or digital)? = No 
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Q80 Which textbook do you use? 

o Image:Discovery ed  (1)  

o Image:Glencoe ls 2007  (2)  

o Image:Holt 2001  (3)  

o Image:Holt 2007  (4)  

o Image:Life iscience 2011  (5)  

o Image:Prentice hall 2006  (6)  

o Image:Stemscopes  (7)  

o Image:Life iscience 2017  (8)  

o Other  (9) ________________________________________________ 

 

End of Block: Life Science block 
 

Start of Block: Curriculum and student belief Preferences 

 

Q9 Not considering the changes in the state standards, which of the following would 

you prefer students to learn about in school?  

 

 

Please elect all that apply. 

▢ Creationism  (1)  

▢ Intelligent Design  (2)  

▢ Evolution  (3)  
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Q10 Not considering the changes in the standards, which of the following would you 

personally prefer students to believe or accept?  

 

 

Please elect all that apply. 

▢ Creationism  (1)  

▢ Intelligent Design  (2)  

▢ Evolution  (3)  

 

End of Block: Curriculum and student belief Preferences 
 

Start of Block: Education 

 

Q16 How many credit-hours have you taken in the biological sciences (graduate and 

undergraduate)? 

o none  (1)  

o 3 to 12 (minor in biology)  (2)  

o 13 to 24  (3)  

o 25 to 40  (4)  

o over 40 (degree in biology)  (5)  

 

 

 

Q17 Have you taken a specific course (graduate and/or undergraduate) in evolution? 

o Yes  (1)  

o No  (2)  
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Q86 Have you attended Professional Development (PD) specific to teaching 

evolution? 

o Yes  (1)  

o No  (2)  

 

 

 

Q87 Have you provided Professional Development (PD) specific to teaching 

evolution? 

o Yes  (1)  

o No  (2)  

 

End of Block: Education 
 

Start of Block: Textbook disclaimer 
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Q83 

 
 

 

 

Q12 Please look at this image. 

 

 

Do you have a disclaimer (e.g. sticker, warning, label, etc.) about evolution in the 

front cover or pages of your textbook? 

 

 

Please select a response from the drop down menu below. 

▼ Yes. (1) ... I don't know. (4) 

 

End of Block: Textbook disclaimer 
 

Start of Block: direct personal views on evolution 

 

Q88 The following questions will ask your opinion on various topics.  There are no 

right or wrong answers.   
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Use the slider bar to select the numerical value that best represents your answer.   

 

 

 

Q18 Do you accept evolutionary theory to be a scientifically valid explanation of the 

state of living organisms of the present and past?  

 1= valid 7= invalid 
 

 1 2 3 4 5 6 7 
 

Please rate from Valid (1) to Invalid 
(7) ()  

 

 

 

 

Q61 Do you feel that most scientists believe that the modern theory of evolution is a 

valid scientific theory? 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q62 Evolutionary ideas are at odds or in conflict with my religious beliefs. 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

End of Block: direct personal views on evolution 
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Start of Block: Political activity subset 

 

Q89 The following questions will ask your opinion on various topics.  There are no 

right or wrong answers.   

 

 

Use the slider bar to select the numerical value that best represents your answer.   

 

 

 

Q20 To what degree are you political? 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q21 To what degree do your political views influence your daily life? 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q22 To what degree do your political views influence your teaching decisions? 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 



Texas Tech University, Carolanne Grogan, May 2020 

183 

 

End of Block: Political activity subset 
 

Start of Block: Religious activity subset 

 

Q90 The following questions will ask your opinion on various topics.  There are no 

right or wrong answers.   

 

 

Use the slider bar to select the numerical value that best represents your answer.   

 

 

 

Q23 To what degree are you religious? 

 1 = not at all 7 = very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q24 To what degree does religion impact your daily life? 

 1 = not at all 7 = very much 
 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q25 To what degree does your religion influence your decisions? 

 1= not at all 7= very much 
 

 1 2 3 4 5 6 7 
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Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

 

 

Q26 Religion is especially important to me because it answers many of my questions 

about the meaning of life. 

 1= not all the 
true 

4= moderately 
true 

7= totally true 

 

 1 2 3 4 5 6 7 
 

Please rate from Not at all (1) to Very 
Much (7) ()  

 

 

End of Block: Religious activity subset 
 

Start of Block: Intellegent design fallacies subset 

 

Q28 Please Indicate your level of agreement with each of the following statements. 

 

 

 

Use the slider bar to select the numerical value that best represents your answer from 

strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
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There is scientific evidence that 
humans are created by a supreme 

being or intelligent designer. () 

 

There is not evidence that humans 
evolved from other animals. ()  

There are no transitional fossils 
(remains of life forms) that illustrate 

an evolutionary transition. () 

 

Complex biological systems cannot 
come about by slight successive 

modifications (i.e., they are 
irreducibly complex). () 

 

Evolution is a theory in crisis. () 
 

Natural selection cannot create 
complex structures; It is like a 

tornado blowing through a junkyard 
and creating a 747. () 

 

 

 

End of Block: Intellegent design fallacies subset 
 

Start of Block: distrust of science subset 

 

Q35 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
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Contemporary methods of 
determining the age of fossils and 

rocks are untrustworthy. () 

 

The data used to support evolution is 
untrustworthy. ()  

The available data are ambiguous as 
to whether evolution actually occurs. 

() 

 

 

 

End of Block: distrust of science subset 
 

Start of Block: relevance of evolution subset 

 

Q38 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
 

Evolutionary theory is highly relevant 
for biology. ()  

The theory of evolution helps us 
understand human origins. ()  

Evolutionary theory is highly relevant 
for the social sciences (e.g., 

anthropology, psychology, sociology). 
() 

 

Evolutionary theory is highly relevant 
for the humanities (e.g., history, 

literature, philosophy). () 

 

Evolutionary theory is relevant to our 
everyday lives. ()  
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End of Block: relevance of evolution subset 
 

Start of Block: genetic literacy subset 

 

Q44 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
 

Humans share a majority of their 
genes with chimpanzees. ()  

Humans share more than half of their 
genes with mice. ()  

Humans have somewhat less than 
half of the DNA in common with 

chimpanzees. () 

 

Mutations are never beneficial. () 
 

 

 

End of Block: genetic literacy subset 
 

Start of Block: evolution knowledge subset 

 

Q48 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 
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 1 2 3 4 5 6 7 
 

In most populations, more offspring 
are born than can survive. ()  

Mutations can be passed down to the 
next generation. ()  

Increased genetic variability makes a 
population more resistant to 

extinction. () 

 

The more recently species share a 
common ancestor, the more closely 

related they are. () 

 

Mutations occur all the time. () 
 

 

 

End of Block: evolution knowledge subset 
 

Start of Block: misconceptions about evolution subset 

 

Q53 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
 

Characteristics acquired during the 
lifetimes of an organism are passed 

down to that individual's offspring. () 

 

Evolution means progression towards 
perfections. ()  

Evolution is linear progression from 
primitive to advanced species. ()  
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End of Block: misconceptions about evolution subset 
 

Start of Block: knowledge of science subset 

 

Q56 Indicate your level of agreement with each of the following statements. 

 

 

Use the slider bar to select the numerical value that best represents your answer 

from strongly disagree (1) to strongly agree (7) for each statement below. 

 1= strongly 
disagree 

4= neither 
agree nor 
disagree 

7= strongly 
agree 

 

 1 2 3 4 5 6 7 
 

For scientific evidence to be deemed 
adequate, it must be reproducible by 

others. () 

 

Scientific ideas can be tested and 
supported by feelings and beliefs. ()  

Scientific explanations can be 
supernatural. ()  

Good theories give rise to testable 
predictions. ()  

 

 

End of Block: knowledge of science subset 
 

Start of Block: support and resources 

 

Q82 How could each of the following agencies support you in teaching evolution and 

evolution adjacent concepts? 

 

 

Please describe what support you would need or want in the text boxes below. 
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Q91 Your School: 

________________________________________________________________ 

 

 

 

Q93 Your School District: 

________________________________________________________________ 

 

 

 

Q94 The Alabama State Department of Education (ALSDE): 

________________________________________________________________ 

 

End of Block: support and resources 
 

Start of Block: Demographic questions 

 

Q1 What is the 5 digit zip code of the school at which you teach? 

________________________________________________________________ 

 

 

 

Q4 How do you identify? 

o Female  (1)  

o Male  (2)  

o Non-binary  (3)  

o I choose not to disclose.  (4)  
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Q5 How do you identify? 

o White, Non-Hispanic or Caucasian  (1)  

o Black or African American  (2)  

o Hispanic, Chicano/a, or Latinx  (3)  

o Asian  (4)  

o American Indian or Native American or Alaskan Native  (5)  

o Native Hawaiian or other Pacific Islander  (9)  

o Biracial or Multiracial  (6)  

o Other  (7) ________________________________________________ 

o I choose not to disclose.  (8)  

 

 

 

Q6 How many years of formal (classroom) public K-12 science teaching experience 

do you have in total? 

 

 

Please round to the closest whole number (e.g. 4 years) in the text box. 

________________________________________________________________ 

 

 

 

Q96 How many years of formal (classroom) public K-12 science teaching experience 

do you have OUTSIDE Alabama? 

 

 

If you have not taught outside of Alabama, please put a zero in the text box. 
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If you have taught outside of Alabama, please enter those years only o the closest 

whole number (e.g. 4 years) in the text box. 

________________________________________________________________ 

 

 

 

Q95 How many years of formal (classroom) K-12 science teaching experience do you 

have teaching biological sciences only (meaning either 7th grade life science and/or 

high school biology) in Alabama public schools? 

 

 

Please round to the closest whole number (e.g. 4 years) in the text box. 

________________________________________________________________ 

 

 

 

Q7 Which scheduling format does your school follow for your classes? 

 

 

Please select one answer. 

o Period (e.g. 50 minutes, M-F, 1 school year)  (1)  

o Block (e.g. 90 minutes, M-F, ½ school year)  (2)  

o Modified Block (e.g. 90 minutes, T/R, 1 school year)  (3)  

o Other (explain)  (4) 

________________________________________________ 

 

End of Block: Demographic questions 
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APPENDIX B 

SEMI-STRUCTURED FOCUS GROUP PROTOCOL 

 

Face-to-face Focus Group 

 

Face-to-face focus groups will occur at the Alabama Science Teacher 

Association conference, ASIM Summer PD at the University of South Alabama, and 

AP Biology Summer Institute at the University of Alabama. Participants will be 

recruited by the researcher and at the end of the survey. Focus group volunteers will 

be given a location and time to meet for the focus group. During the focus group the 

participants will be given a number to wear or place on the table in front of them for 

identification purposes. No names will be used. Participants will answer a short 

questionnaire (below) that includes their number designation.  

 

Virtual Focus Groups 

 

Virtual focus groups will zoom conferencing software. Participants who volunteered at 

the end of the survey by providing an email address will be contacted to arrange a time 

for the focus group using a private doodle.  Once focus groups are scheduled, 

participants will receive a call in telephone number to participate and be asked to 

complete and return the short questionnaire (below) including a number designation 

before the focus group.  The telephone number participants dial in from will not be 

recorded, nor will names be used at any time. 

 

Facilitator Script 

 

Welcome everyone. The purpose of this focus group is to better understand your 

teaching practices for evolution with your classes, changes to these practices since the 

adoption of the 2015 science standards, challenges you feel influence your teaching of 

evolution, and additional resources and support you may need for teaching evolution. 

 

Before we begin our discussion, I would like each of you answer a brief 

questionnaire. 

During this focus group, I will be asking you a series of questions that are open for 

everyone to respond to. Please ask for clarification at any point if you are unclear on 

what is being asked. I will write some notes while we talk to help me better recall 

what you said. I will [digitally record audio of our conversation (if face-to-face) or 

record this Skype/Zoom session (if virtual)] so that I can review it later. I will also use 

this recording to transcribe this discussion verbatim so that I can represent what you 

say exactly. All information I gather from this focus group will be strictly confidential. 

Recordings will be destroyed after transcription. In addition, you will be given a 

pseudo-name for reference within the study.  
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Focus Group Questionnaire   Participant Number: _____ 

 

Circle the choice that best describes you. 

1. I (accept/reject/am undecided about) the validity of the theory of evolution. 

2. I teach (middle school life science/ high school biology). 

3. I have taught life science and/or biology for (less than 5 years/ 5-10 years/ 

more than 10 years). 

Oral Questions 

1. Could you tell me about methods you use for teaching evolution? 

2. During a school year, how approximately much time do you spend teaching 

evolution, including the theory, natural selection, and speciation, and adjacent 

concepts, such as fossil record, geologic time, etc.? 

a. How long is a typical class period/block? 

3. Have your teaching practices for evolution changed since implementation of 

the “new” science standards in 2016? How? 

 . Has the amount of time spent teaching evolution changed? How? 

4. How do these changes relate to your previous ideas on how evolution should 

be taught and how much emphasis should be place on evolution in 

(biology/life science)? 

5. What are some challenges you have experienced when teaching evolution? 

6. What kinds support and resources do you think your school system or the state 

could provide that would aid you in teaching evolution? 
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APPENDIX C 

SEMI-STRUCTURED INTERVIEW PROTOCOL 

 

Face-to-Face Interviews will be conducted at the Alabama Science Teachers 

Association Conference. Participants who volunteer directly with the research or at the 

end of the survey will be contacted with a time and location for the interview at the 

conference site. The researcher will record audio using her phone. 

 

Virtual Interviews will be conducted using zoom conferencing software. 

Participants volunteering at the end of the survey will be contacted by the by 

researcher to arrange a time for the interview or focus group using a private doodle.  

Once an interview is scheduled, you will receive a call-in telephone number to 

participate.  The telephone number the participant dials in from will not be recorded, 

nor will names be used at any time. The researcher will record audio using the zoom 

software. 

 

Interviewer Script: 

 

The purpose of this interview is to better understand your teaching practices 

for evolution with your classes, changes to these practices since the adoption of the 

2015 science standards, challenges you feel influence your teaching of evolution, and 

additional resources and support you may need for teaching evolution. 

I will be asking you a series of questions. Please ask for clarification at any 

point if you are unclear on what is being asked. You may choose to skip a question at 

any time. 

The interview questions will guide our conversation. However, feel free to include any 

information you feel pertains to this study. I will write some notes while we talk to 

help me better recall what you said. I will [digitally record audio of this interview (if 

face-to-face) or record this Skype/Zoom session (if virtual interview)] so that I can 

review it later. I will also use this recording to transcribe this interview verbatim so 

that I can represent what you say exactly. All information I gather from this interview 

will be strictly confidential. Recordings will be destroyed after the interview is 

transcribed. In addition, you will be given a pseudo-name for reference within the 

study. I will ask you to check over the transcribed interview to ensure that I represent 

what you say exactly. The transcript will be verbatim so be prepared to see everything 

you said. 

 

1. What subject do you teach? 

2. How long have you been teaching life science or biology? 

3. How do you feel about teaching evolution? 
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4. During a school year, how approximately much time do you spend teaching 

evolution, including the theory, natural selection, and speciation, and adjacent 

concepts, such as fossil record, geologic time, etc.? 

a. How long is a typical class period/block? 

5. Could you tell me about methods you use for teaching evolution? 

6. (If they taught life science/biology before 2016) Have your teaching practices 

for evolution changed since implementation of the “new” science standards in 

2016? How? 

 . Has the amount of time spent teaching evolution changed? How? 

7. How do these changes relate to your previous ideas on how evolution should 

be taught and how much emphasis should be place on evolution in 

(biology/life science)? 

8. What are some challenges you have experienced when teaching evolution? 

9. What kinds support and resources do you think your school system or the state 

could provide that would aid you in teaching evolution? 
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APPENDIX D 

AUDIT TRAIL 

Number Source Range Date 

1 Interview V7 transcript 24106-25060 06/06/19 

2 Survey Participant 32 1343-1556 11/28/18 

3 Survey Participant 52 699-769 02/17/19 

4 Survey Participant 9 128-339 11/06/18 

5 Interview V7 transcript 21592-25169 06/06/19 

6 Interview V7 transcript 21852-22957 06/06/19 

7 Interview V9 transcript 4865-5421 02/13/19 

8 Survey Participant 4 1082-1247 10/30/18 

9 Survey Participant 4 76-458 10/30/18 

10 Survey Participant 52 699-769 02/17/19 

11 Survey Participant 30 929-1159 11/28/18 

12 Survey Participant 49 761-1009 11/24/18 

13 Survey Participant 19 1991-2154 11/13/18 

14 Survey Participant 19 1064-1547 11/13/18 

15 Survey Participant 29 0-245 11/26/18 

16 Interview V18 transcript 3995-4269 06/28/19 

17 Interview V9 transcript 8212-8656 02/13/19 

18 Focus Group 1 field notes 1132-1370 06/12/19 

19 Focus Group 1 field notes 1030-1130 06/12/19 

20 Focus Group 1 field notes 4215-4318 06/12/19 

21 Focus Group 1 field notes 6493-6706 06/12/19 

22 Interview V20 transcript 2619-3083 07/08/19 

23 Focus Group 1 field notes 2678-2739 06/12/19 

24 Interview V18 transcript 646-2393 06/28/19 

25 Survey Participant 60 112-280 02/24/19 

26 Interview V21 transcript 24111-24821 07/08/19 

27 Survey Participant 4 76-458 10/30/18 

28 Survey Participant 77 75-621 04/09/19 

29 Survey Participant 86 75-193 04/17/19 

30 Interview V9 transcript 3861-4743 02/13/19 

31 Interview V6 transcript 3008-3333 01/31/19 

 

 

 


