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ABSTRACT 

 Science literacy is an important element for individuals in any society. How a person 

engages with scientific information can help or hinder the progress of society. Science literacy 

can advance society through evolution of technology, advancements in healthcare, and 

comprehensive ways to protect the planet. While a scient literate society itself should be a global 

goal, modern science is rooted in Eurocentric ways of knowing. It is important to understand that 

the differences in social and cultural experiences play a part in how people see and interact with 

the world around them. The purpose of this study was to examine relationships between previous 

science experiences, sociocultural experiences, and science literacy of first-year college students. 

To gain a better understanding of factors that contribute to science literacy, an anonymous 

survey was distributed to first year college students at a single university. The survey was 

designed using the embedded method which included both quantitative and qualitative questions 

which pertained to participants’ demographics, previous science experiences, sociocultural 

experiences, as well as a science literacy assessment. Correlation analysis was utilized to assess 

quantitative responses. Reflexive thematic and sentiment analysis was used to analyze qualitative 

responses. Lastly, critical discourse analysis was employed to investigate instances of identity, 

agency, and power, identified within open-ended responses.  

 Results indicated that there were a greater number of relationships between sociocultural 

experiences and science literacy than between previous science experiences and science literacy. 

Furthermore, critical analysis identified several instances of identity, agency, and power in 

participant responses.  
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Chapter 1 Introduction 

Introduction to the Problem 

Science is a practice which allows us to learn about the natural world. Science gives us 

the tools to investigate, understand, and describe natural processes, structures, and mechanisms 

of the universe. Science literacy refers to the extent to which an individual can comprehend, 

understand, discern, and communicate scientific information as well as engage in scientific 

practices and identify reliable scientific information. Science literacy is an essential element to 

any society. It allows for citizens, including those in positions of power, to respond to problems 

surrounding the health of the people, the preservation of our planet, and the advancement of 

technology and society in a reasonable, evidence-based, and well-informed way. Science literacy 

has become an umbrella term to include various ways of understanding and engaging with 

science and scientific information. Science, as is commonly understood, stems from a 

Eurocentric way of knowing which has shaped how most people in this day and age understand 

the natural world. Limiting science to being defined in a Eurocentric manner has also shaped 

how science practitioners and science educators approach their respective practices. The 

exclusion of various ways of understanding the natural world leads to further restriction in what 

is deemed science, complicating how members of some communities may interpret and 

ultimately understand science. This may also obscure outcomes of science literacy assessment as 

it is traditionally evaluated. Who has decided what science is and how that influences science 

literacy should be taken into consideration when addressing these topics. While this study relies 

on a science literacy assessment that is grounded in the Eurocentric understanding of science, 

probing social and cultural aspects alongside of assessing science literacy could garner greater 
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insight into factors that may influence a person’s science literacy as it is understood in the United 

States. 

External factors that influence a person’s science literacy may lead to potentially positive 

or negative consequences in everyday life. How scientific information is received and 

understood could be influenced by social, political, or even cultural beliefs. Sociopolitical or 

sociocultural influences could look very different depending on the community. Variations in 

how scientific information is received and what is done with that information could also depend 

on what views a community may have on societal issues, such as climate change, or how that 

community may politicize scientific information based on belief systems. The hegemonic nature 

of Eurocentric science has served in an advantageous manner to those who hold such identities 

as white, cis, heteronormative, often times Christian, males. Therefore, the world is designed to 

serve people who hold similar identities, so external factors may not have as much weight or 

influence on their science literacy. However, this does not leave much room for interpretation for 

those who hold different identities. This sends a message that the only way to succeed in science 

is to learn the discipline as it aligns with the Eurocentric way of knowing, without exception. 

Transfer of knowledge in this manner can perpetuate harm and cause erasure of knowledge. It 

may also contribute to feelings of inadequacy or inability due to external factors that may have 

shaped how people who hold different identities or who come from different backgrounds have 

come to understand the world around them. By rigidly aligning to Eurocentric science, we do a 

disservice to the entire science community by having a less robust understanding of the world 

around us which leads to lack of progress in science. Adhering to a singular way of practicing 

science, we also forfeit the opportunity to create a more encompassing understanding of the 

scope of science literacy. Furthermore, exclusionary practices upheld by Eurocentric science may 
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contribute to the continued distrust of science by historically excluded communities to the 

detriment of the advancement of science, hindering improvement in science literacy, and 

perpetuating the legacy of distrust in science.  

Background 

Science Literacy in the Modern Age 

Science is integral to every aspect of the world in which we live. The ability to 

understand and respond to scientific information is important to all communities worldwide. The 

sharing of information has shifted from being mostly local and community-based to information 

being wide-spread nationally and globally. The expansion in the availability of information is a 

result of the age of technology. The increase in global accessibility of information has given an 

even greater platform to those who want to share reliable, evidence-based information, as well as 

those who want to share opinion-driven and belief-based information. While there is room for all 

types of information in the world, it becomes problematic when citizens can no longer 

distinguish reliable information or sources from unreliable, non-evidence-based sources. Even 

evidence-based information is open to attack and rebuttal.  

The age of technology has lent itself to the rapid dissemination of scientific information 

across multiple types of media platforms. This allows for real-time responses, rebuttals, and 

refutes to evidence-based scientific information garnering greater confusion among the general 

public. While news media outlets try to remain neutral in how they discuss scientific 

information, not all media outlets or platforms abide by such standards. This has been shown to 

play a role in how the general public understands scientific topics such as global warming 

(Kortenkamp & Basten, 2015). For instance, there are people who hold public office who openly 
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denounce global warming (see Armitage, 2005; Layzer, 2007; Sanchez, 2003). Depending on a 

person’s political affiliation, they may be more inclined to accept what a member of their own 

political party states about topics such as global warming, even if the person holding public 

office is not, themselves, an expert on the topic.  

There are entire communities that do not believe information concerning global 

pandemics nor participate in factors to protect public health (MacDonald, 2018, 2020; Schmid & 

Betsch, 2019). In public forums there have been many contentious debates surrounding SARS-

CoV-2, the current vaccines, as well as the trustworthiness and reliability of our science experts 

who are delivering information to the public. This is not a new concern within the science 

community and was eerily foreshadowed over 30 years ago: 

Personal decisions, for example about diet, smoking, vaccination, screening programmers 

or safety in the home and at work, should all be helped by some understanding of the 

underlying science. Greater familiarity with the nature and the findings of science will 

also help the individual to resist pseudo-scientific information. An uninformed public is 

very vulnerable to misleading ideas on, for example, diet or alternative medicine (Royal 

Society, 1985, p. 10). 

Howell and Brossard (2021) discussed the potential usefulness of science literacy to combat 

misinformation and stated, “The common but as yet untested assumption is that greater science 

literacy could help stem the believability and spread of science-related misinformation and 

ultimately help improve informed decision-making at the individual and collective levels” (p. 1). 

With the rapid evolution of technology, a growing number of media sources, and increased 

distribution of misinformation, a lack of science literacy among our students and citizens could 
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have deleterious impacts on society. Thus, critical thinking and evaluation of information 

becomes ever more imperative. 

While the availability of vast amounts of information can be a wonderful thing, the 

reality is that there is a lot of misinformation that circulates on social media platforms (Allcott et 

al., 2019; Chou et al., 2018). Misinformation is often biased by political, social, and/or cultural 

opinions lacking any reliable evidence. Dissemination of such misinformation can be due to 

malicious intent, or it may be passed along by unsuspecting individuals with good intentions. 

The greater distribution of misinformation leads to a more complicated issue for the general 

public to discern what is and what is not reliable information. To further complicate the matter, it 

has been observed that even reliable and evidence-based scientific information is experiencing 

what seems like a growing amount of pushback.  

Cobern et al. (2022) addressed the tentative nature of science and science dissenters, 

“Recalling what they learned at school regarding the tentative nature of science, dissenters may 

interpret repeated assertions of uncertainty as reinforcement that science is ‘highly tentative’” (p. 

2). While science, by nature, is an ever-evolving field of knowledge, it is not tentative in totality. 

It seems that there is a need for deeper exploration into how beliefs counter to the nature of 

science are influenced and upheld, especially in the face of evidence-based scientific 

information. 

It is not enough to only consider how people think about scientific information. It is also 

important to consider what people do with that information. Actions stemming from scientific 

communication could have impacts on individuals, communities, and the future of this planet. 

Direct actions could be as simple as recycling or reducing waste generation, or more complex, 

such as taking appropriate precautions to support public health during times of global pandemics. 
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For instance, human behavior, such as increased generation of waste and use of fossil fuels, 

directly contributes to global warming (Otto et al., 2014). Global warming is of major concern to 

this planet and its deleterious effects are believed to be happening at a faster rate than first 

estimated (Carey, 2012; Chen et al., 2017; Xu et al., 2018). There are efforts to try to cap the 

global temperature increase. However, it is now estimated that if human activity remains the 

same, we could be beyond that cap by 2045, if not sooner (see Chen et al., 2017; Gergan et al., 

2020; Mesarović, 2019; Zandalinas et al., 2021).  

Indirect actions, such as perpetuating misinformation or voting, can impact policy and 

funding that in turn impact science research and science education (Kyza, et al., 2020; Reyna, 

2021). We should be concerned that impacts on politics and policy directly affect what we teach 

and how we teach. Real world consequences, if misinformation continues to be perpetuated, 

could lead to evidence-based scientific information no longer being the guiding parameters of 

science education policy, leaving our society even more vulnerable. This becomes a critical issue 

when considering the future of science and society in the era of global access to information 

(Dimock, 2019). This further highlights the importance of societies to not only be able to 

understand and evaluate the reliability of scientific information being conveyed, but to also know 

how to respond to it with reasonable action. 

Importance of Science Literacy Assessment 

The disconnect between how people interact with evidence-based scientific information 

once they are exposed to it should be of concern. Science literacy has been a national topic of 

interest for decades. The term science literacy has been defined and re-defined several times 

throughout the years (Allum et al., 2018; Liu, 2009). While the term itself has held a place of 

contention among educators and scholars alike, there is something to be said of the value of 
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science literacy, how people understand and engage with evidence-based scientific information, 

and how those understandings inform their actions within daily life. This becomes even more 

relevant in the light of how exclusionary practices have isolated various ways of knowing, 

having a greater impact on historically excluded and minoritized communities. The negative 

impact of upholding only a Eurocentric way of understanding and practicing science hampers 

our ability to have a broader approach to science. In a time where the world is becoming 

amplified with greater cultural diversity, a reimagination of what science with a more nuanced 

approach has the potential to move science literacy forward. Liu (2009) advocated for an 

expansive re-envisioning of science literacy stating that, “Improving science literacy requires 

reconceptualizing science literacy to be both a state and life-long process, as both a personal 

choice and an economic necessity, and as both a personal enhancement and civic participation” 

(p. 309). 

The Next Generation Science Standards (NGSS) are the current standards in place to 

facilitate science literacy among K-12 students in the United States. Though the K-12 national 

science standards have changed over the years, the current NGSS is rigorous and should promote 

a strong foundation for student engagement with scientific information (NGSS Lead States, 

2013). While still exclusionary in nature, meaning that the current standards are not regionally or 

culturally specific, the NGSS has evolved in attempts to be more inclusive and culturally 

sensitive. The current NGSS supports science proficiency similar to what Liu (2009) was 

promoting. The current NGSS was implemented in 2013 and includes science and engineering 

practices, disciplinary core ideas, and crosscutting concepts (NGSS Lead States, 2013). 

The NGSS provide the foundation for critical engagement with evidence-based scientific 

information through scientific practices such as “analyzing and interpreting data…engaging 
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scientific evidence from argument…and obtaining, evaluating, and communicating information” 

(NGSS, 2013, p. 94). However, it has become evident that there is a disconnect between the 

anticipated outcome of science literacy through employment of the NGSS in K-12 and how 

people engage with scientific information in real world settings. Based on the rigorous standards 

set forth by the NGSS, science literacy should be relatively uniform across this nation, however, 

that is not the case. The NSB (2022) reported a large disparity across states in science 

proficiency. The report points out “Disparities in K-12 STEM education and student performance 

across demographic and socioeconomic categories and geographic regions are challenges to the 

U.S. STEM education system, as is affordability of higher education” (NSB, 2022, p. 2). 

Demographic and socioeconomic challenges are just some of the factors that may play into 

differences in science proficiency within the classroom. 

It stands to reason that there must be additional factors or other influences that play into 

the proficiency of science literacy in society. Such factors may reside within educational 

discourse or educational institutions and areas of inequities within. There may be aspects beyond 

the classroom that contribute to the observed disconnect. It is also important to understand that 

the evaluation of science literacy should not halt at the completion of Grade 12. There have been 

efforts to assess science literacy in post-secondary academic institutions, however, these 

assessments have been limited in number. Additionally, neither K-12, nor post-secondary 

assessments have evaluated sociocultural influences and their potential impacts on science 

literacy.  

Sociocultural Experience and Science Education 

Educational institutions are obvious realms of education; however, students are not blank 

canvases when they step into the classroom, nor do they create knowledge in a vacuum. Lev 
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Vygotsky developed sociocultural theory and described the importance of social learning and its 

impact on informing a child’s cognitive abilities (Daneshfar & Moharami, 2018). Sociocultural 

theory differed from previous theories in that it impressed the importance of social relationship 

and dialogue as the primary step of integrating information on an individual level. The norms 

and practices of specific cultures are important for how an individual in a community develops 

knowledge (Scott & Palinscar, 2013).  Sociocultural experiences can vary from community to 

community and from household to household. Location, environment, and personally- or 

community-held beliefs can all be contributors to a person’s sociocultural experience. Political 

and religious affiliations, cultural traditions, values, customs, and social norms are also 

associated with one’s sociocultural experience (Tolbert & Bazzul, 2017). Some of these factors 

may be long-standing, but as societies become more global and technologically advanced, the 

number of influences that could factor into a person’s sociocultural experience also increases. 

Widening gaps in socioeconomic status, growing recognition of sociocultural issues, and 

continued reports of inequitable treatment among historically excluded groups has led to greater 

interest in advocating for equity, inclusion, and accessibility (EIA) efforts in education and 

within science. 

Sociocultural theory and research can be used as tools to combat exclusionary practices 

through increased understanding of the social identities our students hold, the social 

environments from which our students come, and the cultural practices in which they participate. 

It may also help to shed light on the very real sense of distrust that many communities have 

toward science. When entire communities’ ways of knowing and understanding the world have 

been left out of the analects that guide science learning, it is more difficult to garner trust in the 

subject matter and in authority on that subject matter. Deep rooted suspicion is also 
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understandable give that communities that have been historically excluded from the text have 

been experimented on unknowingly or against their will, in addition to forced erasure of 

knowledge and culture (e.g., the Tuskegee experiment, residential boarding schools). Being more 

sensitive and understanding to past experiences must come at the forefront of any endeavor to 

increase inclusion in subject matter and in practice. The varied experiences of our students are 

nuanced, valid, and should be acknowledged and valued.  

Sociocultural experiences can contribute to how information is received by our students, 

and how they engage with that information. It is important to take the time to understand these 

things about our students as well as to infuse information regarding identity and various 

sociocultural experiences into the teaching process (Gay, 2018). Having a greater appreciation of 

the various identities and backgrounds represented by students can begin to shift our ways of 

thinking about how we, as individuals, come to know what we do. Understanding sociocultural 

differences could also inform our teaching practices in order to pave the way for deeper 

connections with the content we deliver. Incorporating sociocultural theory in science practice 

may help to overcome distrust due to the historical aspects of how harmful and exclusionary 

practices have limited the integration of socially and culturally nuanced knowledge within 

science. It may also help to combat a growing distrust in science, and to a greater extent 

education, due to advancements in modern day technology, expansive communication platforms, 

and the deepening divide in the current political climate by leveraging life experiences.   
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Purpose Statement 

Theme One: Goals and Purpose of Science Literacy 

A science-literate population is important for the progress of any society. Engagement 

with science is a vital process for the success of ourselves and our planet. Science, while not one 

of the highest priority subjects in school, is still considered part of the core curriculum in K-12 

education in the United States. Science standards are the foundation of science education in US 

public schools. Most science education in the US public school system is guided by the NGSS 

(NGSS Lead States, 2013). Some states have generated specific science frameworks that have 

been modeled off the NGSS (e.g., https://www.cde.ca.gov ; https://sde.ok.gov/science-

implementation/science-framework; https://www.doe.mass.edu/frameworks/scitech/2016-

04.pdf). However, there are a few states that have not adopted nor have science frameworks 

modeled off the NGSS.  

Iterations of science standards have been implemented within schools and routinely 

revised and updated to keep up with the ever-expanding world of science, to include engineering. 

The most recent iteration of national standards, the NGSS, was carefully created to provide a 

thorough science foundation and scaffolded system of science learning beginning in kindergarten 

and spanning through Grade 12. The learning objectives outlined in the NGSS span many areas 

of science and include important skill building that are not only crucial to science, but also to 

everyday life (NGSS Lead States, 2013). Skills such as understanding scientific processes, 

developing questions based on evidence, data interpretation and analysis, and being able to 

identify reputable and trusted sources of information aid contribute to support critical thinking as 

well as effective scientific communication (NGSS Lead States, 2013). The depths to which the 

NGSS lay the foundation to engage with science and scientific topics should ensure students who 

https://www.cde.ca.gov/
https://sde.ok.gov/science-implementation/science-frameworks
https://sde.ok.gov/science-implementation/science-frameworks
https://www.doe.mass.edu/frameworks/scitech/2016-04.pdf
https://www.doe.mass.edu/frameworks/scitech/2016-04.pdf
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successfully complete secondary school have a rich understanding of various science topics. 

Additionally, students should be thoroughly capable of demonstrating an understanding of 

scientific information, critically examining evidence that is presented to them, and applying 

science literacy as they interact with the world around them. 

Theme Two: Importance of Assessment of Science Literacy 

In order to gauge the level of science literacy among citizens, some form of assessment is 

necessary. In K-12 education systems in the US, assessment is accomplished through required 

standardized testing. There is no universal assessment for science literacy in post-secondary 

education. Various forms of assessment could be categorized under content testing at the 

undergraduate level or entrance exams for graduate or medical school, such as content-specific 

GREs or the MCAT. However, these forms of assessment are usually testing content and 

comprehension, and not critical examination or application. Expanding assessment to non-

science-related majors and to those who did not attend post-secondary school could expand our 

understanding of the influence of K-12 science education in the age of NGSS. Asking how 

citizens understand, interpret, and engage with scientific information in real-world situations 

could inform us to a greater degree of science literacy within a population.  

Theme Three: Sociocultural Impacts on Learning in Science Education 

Sociocultural perspectives lend context to how information is received and processed. 

Current events, such as the global pandemic and concerns about global warming, have been 

everywhere in the news and on social media. Students are exposed to information and 

misinformation at ever-increasing rates. Topics such as these have become extremely polarized 

and are divisive issues for citizens in the US and worldwide. Given the rigorous standards and 
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expectations set forth by the NGSS, it would be reasonable to believe that issues such as global 

warming or public health initiatives would not be divisive, but instead, topics in which a vast 

majority of the population would be able to engage with on a critical and thoughtful level.  

As there is not a national requirement for adoption of the NGSS, the differences in 

standards of learning in science education may be one factor that has contributed to variances in 

science literacy across the country (NSB, 2022). However, it is not just the content that is being 

delivered which accounts for differences in science education. It is also extrinsic factors such as 

sociocultural influences. This has been demonstrated in science education research that has 

explored social and cultural impacts on student learning (see Ceci et al., 2009; Gilbert & Yerrick, 

2001; Maulucci, 2010). A deeper understanding of our students’ social and cultural experiences 

can positively contribute to learning outcomes. The incorporation of more inclusive and 

contextualized science material could pave the way for greater reception of the material and a 

strengthened science literacy among students. This can also create a safer environment which can 

support greater learning outcomes (Soares & Lobez, 2020). Expanding our current techniques 

and material with expanded sociocultural perspectives in science education can lead to more 

inclusive science communities as well as increase engagement with science. 

Purpose of Study 

Assessing science literacy allows us to understand how students and citizens understand 

and engage with scientific information. Sociocultural experiences can vary depending on the 

environments in which one was raised, cultural experiences, traditions, and beliefs within the 

community, at home, and at school. The purpose of this study is to investigate how sociocultural 

experiences influence science literacy. A limited amount of research has been done on influences 

of sociocultural experience in science education and to date, there have been no published 
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studies that have utilized critical sociocultural research in science literacy. By further 

understanding nuanced factors that may influence science literacy, we can more responsibly 

create an environment in which science is more inclusive, more trustworthy, and less refuted.  

Research Questions 

A. How do previous science experiences relate to students’ science literacy? 

B. What sociocultural factors correlate to students’ science literacy scores?  

Significance 

This study aimed to understand how previous science experiences and sociocultural 

experience affect science literacy among first-year college students. Identifying previous 

experiences with science, social, and cultural factors that either help or hinder science learning 

could contribute to ways in which we as science educators can expand best practices to ensure 

strong science literacy that is more equitable, inclusive, and accessible. The use of embedded 

design contributed to more comprehensive understanding of the findings. By applying a critical 

lens through critical discourse analysis to evaluate previous science experiences, sociocultural 

experiences, as well as science literacy assessment outcomes I was able to further assess how 

element of power, identity, and agency relate to students’ experiences. Findings from this study 

can lend themselves to more focused research in areas where relationships between previous 

science experiences, sociocultural experiences, and science literacy were identified. 
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Definition of Terms 

Student- I refer to student as any person that is in a formal education attending school 

in an early childhood education (ECE), primary, secondary, or post-secondary 

education setting. 

Sociocultural- The social and cultural aspects that I discuss in this research are vast. 

As I speak to sociocultural experience, or perspective, it encompasses any and all 

influences in a person’s life that shapes their way of knowing and being in the 

world through social and cultural interactions, understandings, environments, 

norms, traditions, and expectations. 

Science literacy- For the intents and purposes of this study, I refer to science literacy 

as the ability to understand science content as it relates to the context, the ability 

to identify basic scientific concepts, interpret, analyze, and critically evaluate 

scientific information and the reliability of that information, and the ability to 

apply science inquiry as a way to problems solve and make informed decisions in 

their lives. 

Power- In the context of this research, I define power as a relational factor among 

people, institutions, and establishments. Power conveys a hierarchical nature of 

relationships and in that hierarchical structure there is understood to be elements 

of influence. The influence acted out within relationships among people or 

imposed by institutions and establishments can be helpful or harmful dependent 

on the relationship of the individuals involved. 

  



 

 

16 

Assumptions/Limitations 

This study assumes that students who choose to participate have various sociocultural 

experiences. For the intent of this study there will not be efforts made for purposeful sampling. 

Due to the nature of the delivery method of this study (anonymous survey) there was no way to 

anticipate a demographically diverse pool of participants. Additionally, there was no way to 

guarantee the number of students that would choose to participate in this study. This study was 

limited in scope in that it investigated a single university in one region of the country. Because of 

this, there could be commonality among respondents based on where they, as students, have 

decided, were influenced, or were able to attend university. 

Positionality Statement 

 I am a queer, non-binary, neurodivergent researcher who has spent many years in science 

spaces. I have been both a scientist and science educator. I have personally experienced harm 

within these spaces and witnessed how science spaces and classrooms alike can be exclusionary 

and perpetuate hurtful systems, be them intentional or unintentional. My identity has contributed 

to how I have had to navigate within these spaces, to include hiding parts of myself to protect 

myself from further undue instances of harm. My interest in critical evaluation of science 

resources and science spaces is part of my endeavor to contribute to the facilitation of more 

equitable, inclusive, and accessible science communities within education and beyond where 

science learning can take place without harm, oppression, or exclusionary practices. I situated 

myself in this study perform this research as objectively as possible through the use of 

anonymous data, systematic quantitative analysis, reflexive thematic qualitative analysis. 

Understanding that my identity contributes to how I view the world around me and may 

contribute to bias within my analysis, I relied on iterative rounds of self-reflection in tandem 
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with reflecting on the data. I also relied on input from my colleagues to assess for biases within 

my analysis. 

Conclusion 

How students engage with scientific information outside the classroom is of great 

importance. Our planet faces multiple crises in the face of real-world issues, particularly as the 

ongoing SARS-CoV-2 pandemic continues to ravage through countries and global warming 

imposes imminent threat to future generations. Critically evaluating the sociocultural 

backgrounds of our students can aid in a deeper understanding of factors that could affect science 

literacy. The areas probed for this study include the following: 1) Students’ previous experiences 

with science and science education, 2) Sociocultural experiences of traditional first-year college 

students at a large public university in the central U.S., and 3) How students engage with 

scientific information. It is up to us, as science educators, to find new ways and best practices to 

ensure the science literacy of our students. 
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Chapter 2 Literature Review 

Introduction  

To date, there has yet to be any published empirical studies conducted on critical 

sociocultural research within science literacy. This work is grounded in sociocultural theory with 

a critical lens. This literature review serves two purposes. First, it describes the conceptual and 

theoretical framework for this study. Second, it describes the state of the research related to 

science literacy and sociocultural as well as critical research in science education. The literature 

reviewed within compares and contrasts understandings and measures of science literacy. 

Literature reviewed also lays the foundation for an understanding of where the current research 

stands in critical research and sociocultural influences on science education. It is through 

exploring the vast amount of literature, historical and current, that I define what I mean when I 

refer to science literacy, power, identity, and agency as well as how I evaluated science literacy 

among students. 

Conceptual and Theoretical Framework 

The primary guiding framework for this study is critical sociocultural theory. However, due 

to the finite areas of research in which critical sociocultural theory has been applied, I relied 

heavily on the foundational theories that lend themselves to critical sociocultural theory. Critical 

sociocultural theory draws from both sociocultural theory and critical theory (Moje & Lewis, 

2020). Sociocultural theory draws from constructionism in that it ascribes to the ideal that there 

is not one individual truth or one single way of knowing. Sociocultural theory relies on the belief 

that meaning is constructed through experience and interaction with the world around us. “We do 

not create meaning. We construct meaning. We have something to work with. What we have to 
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work with is the world and objects in the world” (Crotty, 1998, pp. 43-44). That is, while there is 

no meaning ascribed to an object before a human has interacted with and assigned meaning to it, 

the object still existed and remained in existence with the potential of meaning (Crotty, 1998). 

Within education, there are multiple epistemic ideologies; however, even these are limited to 

those who created them. The ways in which a person or groups of people understand the world is 

not limited to one specific way of knowing. Examples of various ways of knowing are shown in 

expanding bodies of work which incorporate indigenous ways of knowing back into curricula 

(see Ahenakew, 2016; Brown, 2010; Kincheloe, 2011; Kitson & Bowes, 2010; Metallic, 2009). 

These are just a few examples that highlight the need to have a greater appreciation for how 

students from various backgrounds interact with science being taught and how knowledge is 

constructed in consideration of their own backgrounds and experiences.  

Humans carry with them their own individual histories, perspectives, and ways of being 

in the world which are reflected in their individual identities, backgrounds, and unique 

experiences. All of these things can contribute to how a person constructs unique meaning to the 

interactions with the world around them (Shiro, 2013; Walker & Soltis, 2009; Noddings, 2013). 

However, the individualistic understanding laid forth does not consider how factors such as 

context and social environments contribute to knowledge construction. 

Social Constructivist Theory 

Social constructivist theory incorporates the understanding that while there are many 

different ways of knowing, that the construction of knowledge is moderated by social 

environments before becoming individualized understandings (Kim, 2001). This study relied on 

the understanding that students construct meaning of the world around them through interactions 

with their peers and their surroundings (Crotty, 1998). Therefore, knowledge construction does 



 

 

20 

not take place on an individual level; it is through interactions with those around us that informs 

how we make meaning of the world (Crotty, 1998; Hodson & Hodson, 1998). While humans 

carry with them their own individual histories, perspectives, and ways of being in the world, 

there is also valuable influence that comes from the communities and environments in which 

people live and learn.  

Sociocultural Theory 

Sociocultural theory adds the elements of community and environmental influence that 

expand beyond social constructivist theory. Sociocultural theory was influenced by Lev 

Vygotsky as he proposed social learning theory, or social constructivism. Vygotsky’s stance was 

that learning was mediated through the social environment and preceded individualistic 

knowledge. Amineh and Asl (2015) wrote, “Vygotsky holds an anti-realist position and states 

that the process of knowing is affected by other people and is mediated by community and 

culture” (p. 10). Sociocultural theory is supported by social constructivism in that sociocultural 

theory surmises that both social and cultural experiences influence learning. 

Sociocultural theory and research have expanded to take into consideration many 

different factors of an individual’s life and the role those factors play in learning. Context is an 

important factor in the areas of social and cultural understanding, as context can change given 

the environment. Alfred (2002) addressed the importance of context in how it relates to the social 

construction of meaning, to include the environment in which the construction of meaning occurs 

in that “learning cannot be considered to be content-free or context free, for it is always filtered 

through one’s culture and cultural identity” (Alfred, 2022, p. 5). 

There has been pushback on sociocultural theory (see Lupton, 1999; Sawyer, 2002; 

Sundin & Johannisson, 2005). Critics have questioned its relevance within education research, 
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especially in STEM-related subjects, as these are often thought of as objective learning topics 

(Lemke, 2001). Science disciplines have historically relied on objectivity, meaning every 

endeavor is merit-based, fueling the thought that subjectivity or human experience should have 

no influence on science learning outcomes (Mijs, 2016; Rogriguez, 1998; Young, 2017). We, as 

humans, are subjective by nature. We are influenced by those around us, the society in which we 

live and with which we interact, and the culture by which we are surrounded. Despite the 

divisiveness of the relevance of sociocultural theory in learning spaces, it is important that areas 

that address social and cultural aspects be implemented in research to combat such pushback. 

The incorporation of sociocultural perspectives in research directly challenges problematic, long-

lived systems within education such as hegemonic ruling, heterogeneity, powerholding groups 

impressing their ways of knowing and being, upholding the status quo, and perpetuating 

oppressive systems. 

Transformational Theory 

This study also incorporated Nohl’s framework of transformational theory. Transformative 

learning theory differentiates itself from other learning theories as it focuses on conditions under 

which learning occurs as an adult which is separate from other learning processes in that it is not 

typically influenced by indoctrination and is often accompanied with critical reflection 

(Mezirow, 1996). Transformative learning theory as proposed by Mezirow, however, focused on 

ideal conditions of learning. The assumption that there are ideal conditions for learning fails to 

take into consideration the reality of inequity, unequal access to resources, social and culture 

influences, or other factors that may contribute to learning. More recently, Nohl (2015) proposed 

a new model of transformative learning that is based on the analysis of a number of different 

social groups previous models had used as the foundation of his study. Nohl proposed a model 
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that consisted of a five-phase approach to transformative learning theory. The five phases 

propose that the “transformation process begins with a (1) non-determining start and continues 

with (2) a phase of experimental and undirected inquiry and a (3) phase of social testing and 

mirroring. The process is boosted during a (4) shifting of relevance and, finally, leads to (5) 

social consolidation and the reinterpretation of biography” (Nohl, 2015, p. 39). Shifts in 

understanding of information and worldview as supported by Nohl’s transformational theory 

model are often observed during post-secondary education. College is one place where students 

are often exposed to multiple cultures and perspectives that differ from what they have known in 

their lives up to that point.  

Critical Theory 

Critical theory has been used to investigate the roles of power on systems and institutions in 

hopes to shine a light on areas that have been unduly impacted in inequitable ways due to some 

social, historical, or political aspect. Critical theory has focused on systems and power and how 

those relate to and shape society (Crenshaw, 1990). It is a theory whose goal is to critique and 

challenge the system and make change within society.  

Inequities within education have been long-fought battles and are often a symptom of 

systems of power that aim to maintain the status quo. The system designed in the United States 

has been put in place to uphold the status quo historically related to the agenda and power of the 

cis, white, Christian, heteronormative male. This centers whiteness and specific social standings 

within society, politics, and education. Centering whiteness and other values related to whiteness, 

Christianity, and heteronormativity are problematic as it devalues the lived experience of anyone 

outside of or on the margins. (Butler, 2002; Foucault, 1970; Rubin, 2002).  
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It is through the application of critical theory that harmful systems can be investigated and 

exposed. Critical theory allows us greater understandings of the influence of power in the system 

and how these power relations can create harm. It is only through understanding these systems 

that we can reduce harm and increase equity in education. Harm has been perpetuated by means 

of covert racism that fuels government policies and laws which in turn affect school policies 

(Rothstein, 2017). It is problematic as the power holding group continues to create educational 

policy that upholds agendas that only align with their specific ideology (Apple, 2012; Moutsios, 

2010).  

Critical Sociocultural Theory 

Furthermore, this study was guided by critical sociocultural theory, which pulled from both 

critical theory and sociocultural theory. Critical theory aims to critique society in order to make 

change (Horkheimer, 1972). Critical theory has also been applied to learning processes to look 

beyond how meaning has been made through sociocultural context. Critical inquiry questions 

power structures within societies and among groups. Although, critical inquiry is not solely an 

investigative pursuit for understanding’s purpose alone. Critical theory requires the use of theory 

and reflection on systems in place and questions asked in a way that when answers are uncovered 

or brought to light facilitates change in a practical manner. “Critical inquiry remains a form of 

praxis—a search for knowledge, to be sure, but always emancipatory knowledge, knowledge in 

the context of action and the search for freedom” (Crotty, 1998, p.159). 

While critical theory is concerned with the critique of society where the ultimate goal is 

emancipation or liberation of all people from marginalization or oppression, Vygotsky’s 

sociocultural theory is used to examine the nuanced relationships between individuals and 

learning processes based on various unique experiences. Sociocultural theory identifies social 
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and cultural influences within one’s life and the relationship those influences have on the 

individual as well as the influence the individual has on their culture, social norms, or 

community and how those may impact learning (Lantolf, 2000; Scott & Palinscar, 2013). 

Critical sociocultural theory and research identifies ways in which power, identity, and 

agency each contribute to our roles in society and within the system (Moje & Lewis, 2020). 

When referring to identity, I refer to not only race, gender, ability, and the myriad of other 

identities that people hold, but to how the intersectionality of such identities further influence 

learning and meaning making (Crenshaw, 1990). Agency is an expansion of identity as it refers 

to a person’s ability to express or suppress their identity or parts of their identity depending on 

the situation or environment (Huang & Benson, 2013; Lier, 2007). It is only through critically 

understanding and acknowledging our unique perspectives and experiences that we may continue 

to find new ways in which to support our students in their growth and development through 

fostering intentional and meaningful education. 

Review of the Literature Organized by Themes 

In this section, I discuss the search description as well as the review of the literature. The 

review of the literature has been organized into three themes. The first theme is science literacy. 

Science literacy has been a topic of debate since the concept’s inception. This section presents 

historical and working definitions of science literacy, to include both of the terms scientific 

literacy and science literacy and how those two terms have been used interchangeably. I present 

how science literacy has influenced the generation and maintenance of national science standards 

and how this contributes to a continued need to investigate and understand the nuances of 

science literacy, especially in the modern age. I discuss the impacts of advancements of 

technology and the digital age on science literacy and the changes in how scientific information 
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can be consumed, and potentially misunderstood by the general public. Furthermore, I also show 

how extrinsic and intrinsic factors cannot be ignored in our understanding of science literacy. 

The second theme addressed in this literature review is assessment tools used in science 

literacy. This section begins by addressing the importance of science literacy in the age of 

misinformation. I discuss various tools that have been created to assess science literacy for 

various education levels. I also provide examples of how science literacy assessments have been 

administered in different parts of the world and that findings show differences of strengths in 

areas of science literacy skills dependent on which part of the world the study was conducted. I 

also present findings from studies that have incorporated science literacy assessment tools in 

their research highlighting strengths of each assessment and pointing to areas where the 

assessments could be expanded to be more representative. Additionally, I present global research 

that describes differences in science literacy outcomes from different countries who have 

implemented science literacy assessments.  

The third and final theme discusses sociocultural influences on science education. In this 

section I explore research executed in relation to race, gender, and socioeconomic status as it 

relates to science education. I will discuss how inequities have been perpetuated in science 

education based on areas such as race and socioeconomic status. I also highlight studies that have 

utilized critical theory to explore issues of power, identity, and agency within systems and the 

roles they have played in science education. This literature review aims to give insight into the 

dynamic nature of science literacy, the ways in which science literacy has been assessed and how 

those assessments are limited in their scope as well as to show evidence of the complexities of 

social and cultural aspects that have influenced science education. 
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Search Description 

Literature reviewed for this study was obtained through literature searches using both a 

robotically curated database (https://scholar.google.com/) as well as a database curated by hand 

(https://libraries.ou.edu). The selection process and criteria for the collection of articles remained 

the same for both databases. Any review articles that were returned during literature searches 

were initially probed for relevance and content. Empirical research cited in review articles was 

then further examined. Empirical research articles used came from a variety of peer-reviewed 

academic journals and were able to be obtained electronically through either database or using 

inter-library loans (ILL) through libraries.ou.edu. Search parameters were limited to a variety of 

keyword searches and were consistent among each database used. Various searches were 

conducted using the following either individually or assorted combinations of the keywords: 

“multicultural”, “diversity”, “equity”, “inclusion”, “accessibility”, “representation”, “education”, 

“science”, “science education”, “STEM”, “STEM education”, “critical theory”, “critical 

discourse analysis”, “transformative learning theory”, “critical sociocultural theory” 

“sociocultural”, “socioeconomic”, “social reproduction”, “science literacy”, and “scientific 

literacy”.  

Literature was also sourced from academic books based on empirical research and the 

accompanying articles published for the associated studies. Additionally, statistics surrounding 

diversity, equity, inclusion, accessibility, and any other demographic data associated with science 

education were initially identified from national and/or global entities that are accredited and 

well established. The articles associated with studies from which the statistical analysis results 

were sourced were then examined for further review. 
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Literature (books, journal articles, or other) were first reviewed to ensure that they were 

appropriate for addressing any or a variety of the areas of sociocultural research, critical theory, 

critical sociocultural theory as well as within science, science education, science, technology, 

engineering, and mathematics (STEM), STEM education and science literacy. Any literature 

deemed to provide insight into the current state of these areas, within six years where possible, 

specifically within science, science education, and critical sociocultural research were reviewed 

further. In areas where there was limited current literature available, articles were assessed from 

the most recent publications that could be found. Additionally, some older publications were 

included in order to lay foundational groundwork and to be used as comparison for historical 

context. Literature that did not adhere to these criteria was not included as part of this literature 

review.  

For information on statistics, the most recently published statistics that were analyzed and 

reviewed from credible sources were used to provide evidence. Older statistics using the same 

criteria were used to compare and contrast trends in areas of changing demographics in science 

and science education in certain related areas over time. It is important to expand our gaze 

beyond recent demographics and to include historical context to gain deeper insight of the bigger 

picture of what is happening from a demographic standpoint in science and science education. 

Coupling demographic data with student self-report sociocultural experience can lend itself to 

understanding nuances that have been overlooked in the past by the exclusion of student 

experience. 

Science Literacy 

Science literacy is a critical component for successful societies, as science affects the life 

of every citizen. Science is not simply what goes on in laboratories or in the health industry. It is 
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foundational to the advancement of technology, necessary for the health and wellness of the 

people, and critical for the survival of this planet. Science plays a part in every life process and 

activity, and it is imperative that the citizens of a society know how to understand, interpret, 

make sense of, and use scientific information. As the relationship between society and science 

continues to change, so increases the need for science literate societies.  

Science literacy is not a new concept and therefore has undergone several iterations over 

time of what precisely science literacy is, what defines science literacy, and how to apply our 

understanding of science literacy to assess the science literacy of students and citizens. The 

variety of definitions and arguments that surround science literacy have caused confusion for not 

only the general public, but for those who study and evaluate it. Science literacy scholars have 

aimed to not only define and re-define science literacy, but some have also attempted to 

categorize types of science literacy. For instance, Shen (1975) discussed three types of science 

literacy (practical, civic, and cultural). Shamos (1995) also tried to further categorize science 

literacy into cultural, functional, and true science literacy. Other scholars and entities have tried 

to amalgamate the types of science literacy that Shen and Shamos categorized into overarching 

definitions that include some or all of the categories they defined (see AAAS, 1990; Feinstein, 

2010; NRC, 1989; OECD, 2007). DeBoer (2000) spoke to the challenges of a strict definition of 

science literacy due to the relationship of scientific understanding and stated “We have seen from 

this historical analysis that scientific literacy is about the public's understanding of science. That 

understanding is open-ended and ever-changing. It is organic, not static” (p. 597).  

While a thorough review of the literature in the vast area of science literacy is beyond the 

scope of this literature review, this section aims to give a broad overview of science literacy. In 

this section I present the historical context of science literacy as well as provide examples of 
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shifts in the body of science literacy work over the years that have contributed to the difficulty in 

a universally agreed upon definition of science literacy. I will discuss the role that science 

literacy has had in shaping the national science standards. This section includes scholarly 

arguments for the importance of a scientifically literate society and how technological 

advancements as well as life in the digital age have impacted and further complicated what we 

have understood about science literacy. Finally, I discuss factors such as extrinsic influences and 

identity that have been shown to be important components that can highlight differences in 

reported science literacy. 

Historical Overview of Science Literacy 

Science literacy has been explored in depth throughout the years. Presently, there is not a 

unified definition or clear and agreed upon understanding of the term science literacy. The 

evolution of the construct of science literacy has been a complicated one since its genesis. The 

term first began to appear in the literature in the late 1950’s. Hurd (1959) recognized “Science 

instruction can no longer be regarded as an intellectual luxury for the select few” (p.13) and 

expressed concern over whether the general population as well as education in the United States 

would be able to keep up with the evolving science and technology, as it shifted so quickly from 

the nuclear age to the electronic age and into the space age. Hurd (1959) further discussed the 

need for science education to happen at the forefront of possibility and stated, “Understanding 

science means knowing something about the procedures of theoretical inquiry and recognizing 

these procedures as the means by which the imagination of man and the laws of nature are 

focused upon unsolved problems” (p. 19). Sir Charles Snow expressed concern over the growing 

divide between scientists and nonscientists in an address he gave in 1959 (Snow & 

Smoluchowski, 1961). Hurd and Snow both exhibited concern for the growing need for society 
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to be science literate as they laid the groundwork for the ever-expanding body of work science 

literacy.  

Since the late 1970’s and early 1980’s, contested and wavering definitions of science 

literacy have created a sense of distrust among the public as well as among scholars. Several 

attempts have been made to consolidate the term of science literacy as it is relevant to the 

objective outcome of science education (see Table 1). Larger governing bodies within the 

scientific community, such as the AAAS and the NRC have also tried to step in and intervene to 

bring a clearer definition of science literacy (AAAS, 1990; NRC, 1996).  

Science literacy, like all other subject matter specific literacies, evolved from literacy, 

which defines a person’s ability to read, write, and communicate effectively. Science literacy is 

also concerned with how a person understands natural phenomena beyond the context of 

traditional literacy. In the early 1980s, the state of science education in the United States became 

a national concern. After the National Commission on Excellence in Education (NCEE) 

published the article commonly referred to as “A Nation at Risk” in 1983, the concern for 

education status in the United States was brought into public view. While this was not the first or 

only publication that raised concern over the state of the education system in this country, it did 

help pave the way for the creation of national education standards with the 1989 publication of 

national standards for mathematics (NRC, 1989; Romberg, 1989). 
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Table 1 

Expectations of a Scientifically Literate Person  

Agency Expectations 

AAAS 

Emphasize connections in the natural and social sciences, mathematics, and 

technology. 

Understand interdependence of science math and tech and human enterprise 

Understand key concepts and principles 

Be familiar with natural world 

Use for individual and social purposes 

NRC 

Understand unifying science concepts 

Engage with science as inquiry 

Understand various science content (life science, earth science, technology, etc.) 

Ask and answer questions derived from curiosity about everyday experiences 

Be familiar with nature of science 

Understand social perspectives of science 

OEDC 

Engage with science-related issues 

Engage with the ideas of science, as a reflective citizen 

Explain phenomena scientifically 

Evaluate and designing scientific inquiry 

Scientifically interpret data and evidence 

NSTA 
Understand what science is  

Use scientific information in daily decision making 

 

The development of national science standards took several years following the release of 

the national standards for mathematics. The push for national science standards re-energized the 

area of science literacy as it was foundational in the standards’ development. However, the 

controversy surrounding a single, unified definition of science literacy continued. 

Difficulty of Defining Science Literacy 

Throughout the published literature there have been the uses of both science literacy and 

scientific literacy. Often, these terms are used interchangeably, or have conveyed the same 

underlying context. A narrow definition has yet to be agreed upon due to the broad scope of 
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scientific information and what scholars deem as necessary to be science literate. However, there 

is clear agreement that science literacy should include the expectations of understanding and 

engagement with scientific information that would be normally fostered through the Next 

Generations Science Standards (NGSS) in K-12 school settings (NRC, 1996; NGSS, 2013).  

The controversies that surround the definitions of science literacy and the confusion 

between science literacy and scientific literacy have destabilized the strong foundation that was 

laid in the endeavors to increase science literacy. These attempts to re-legitimize what science 

literacy means in order to assess the science literacy of the general population have remained an 

evolving body of work. Regardless of which term is deemed most appropriate, it is important to 

understand the overall goal of assessing and understanding science literacy, the role that plays 

within our society, and why it is important. For the intents of this study, I use a definition of 

science literacy that incorporates the science education received in the classroom with the 

usefulness of science education into everyday life, similar to the views expressed by Feinstein 

(2010) “referring to the very specific notion that science education can help people solve 

personally meaningful problems in their lives, directly affect their material and social 

circumstances, shape their behavior, and inform their most significant practical and political 

decisions” (p. 169).  

Science Literacy and National Science Standards 

The generation of science assessments began shortly after the national mathematics 

standards were created in the late 1980s. The first set of national science standards took several 

years to be finalized, as the National Science Education Standards (NSES) were not released by 

the NRC until 1996. One of the major issues that arose in the attempts to develop assessments for 

science literacy is similar to the major contention around the term science literacy itself. Just as 
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there is not an agreed upon definition for science literacy, there is neither a measurable set of 

skills that have been agreed upon to be the standard for assessment of science literacy (Bauer et 

al., 2007). As national science standards continued to change, Bauer et al. (2007) suggested that 

it was necessary to evaluate the extent to which science concepts are understood in addition to 

how students view science and society. 

Shortly after the first iteration of national science standards was created, an international 

initiative to assess student learning was created. In 1997 The Program for International Student 

Assessment (PISA) was formed by the Organization for Economic Co-operation and 

Development (OECD). OECD currently has 38 countries that hold membership with the 

organization, to include the United States (OECD, 2007). Since 2000, the intention of PISA was 

to evaluate students annually on content knowledge in reading, math, and science but only 

evaluated one content area each year. Therefore, every three years student science literacy is 

evaluated through PISA. The student assessment consists of a student test and questionnaire.  

The national science standards have been utilized to guide science curriculum as well as 

in the development of assessment tools. In turn, the outcome of assessments on science literacy 

have been used in an attempt to reform science education. When discussing the overlapping 

goals and parallel development of national standards by the NRC and Project 2061of the AAAS,  

Timothy Goldsmith cautioned,  

One danger is that the word "standards" particularly "national standards" suggests a 

straightjacket [sic] of conformity in which the creativity of teachers is certain to be 

undermined…A second objection comes from the opposite direction when the standards 

are viewed and judged by people outside the profession whose views of education have 

been molded by their personal experiences of yesteryear. For them, if the physics lesson 
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appears to lack some familiar feature, such as electrical circuits and bulbs and batteries, 

"Where's the content?" becomes the "Where's the beef?" of public dialogue. So, it is 

essential for everyone to understand the richness of what the standards and benchmarks 

are trying to accomplish (Goldsmith, 1995, p. 116). 

What Goldsmith addressed was a continued growing distrust of and lack of usefulness of 

standardized education. However, there is still a need to be able to assess our students’ 

understanding of content, their ability to problem-solve, and their skills to effectively 

communicate science.  

The development of national science standards was further guided by publications from 

the American Association for the Advancement of Science (AAAS), specifically Science for All 

Americans (1980) and Benchmarks for Science Literacy (1994) (Bybee & McInerney, 1995). 

These standards set out to clearly define what a student should know about science and what they 

should be able to do relevant to science content. In 1996, the NSES by the NRC broadly defined 

science literacy as “the knowledge and understanding of scientific concepts and processes 

required for personal decision making, participation in civic and cultural affairs, and economic 

productivity” (p. 22).  

Currently, the NGSS is the standard for what should be implemented in science education 

in schools today (NGSS, 2013). One of the main arguments during the early 2000’s was that the 

goals set forth by the AAAS and the NRC were extrinsic in nature (Liu, 2009). That is, that the 

goal of science literacy was something to be achieved or obtained by a certain time. It has been 

estimated that the amount of time students in their K-12 journey spend engaging with science in 

school is less than 4% (Liu, 2009). Liu (2009) argued that science literacy is not only an intrinsic 

process, but one that should be approached as a lifelong learning process. While the estimated 
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time spent on science in the classroom is a meager amount, teachers may mediate this through 

their influence and instructional practices, which may impact how students respond to science 

learning (Feinstein, 2010; Hwang et al., 2018). 

Science Literacy and the Advancement of Technology 

A reasonable and working understanding of scientific information should not be reserved 

for those with specialized secondary education or post-secondary degrees. In the development of 

a self-assessment tool for science literacy among undergraduate students, Vandegrift et al. (2020) 

argued that science education should lay the foundation for non-science geared students, or non-

science majors, to enact science literacy, as science in everyday life impacts them just the same. 

This should hold true for students who do not pursue higher education, as a strong foundation of 

science literacy is good for society. Bucchi and Saracino (2016) found that visual science literacy 

provides a greater way of communicating science to a larger audience. Their findings showed 

that more people could recognize images as opposed to answering questions about science 

content and history in text form (Bucchi & Sarcino, 2016).  

Just as science is a dynamic subject, so must our approach be to science literacy. 

Elshahed and Tyson (2020) discussed the challenges and advancements of science literacy due to 

the changing landscape of media communications, specifically social media. They addressed the 

increased amount of scientific information that is able to be shared globally due to social media 

platforms as well as discussed concerns for gatekeeping of information and quality of content 

(Elshahed & Tyson, 2020). Additionally, there is a large amount of incorrect and unvalidated 

information available on social media platforms. Misinformation can be convincing for those 

who are not educated in the critical evaluation of information and its sources. While the vast 
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availability of misinformation may not come from nefarious sources, it is still capable of causing 

an outcome of misunderstanding (Howell & Brossard, 2021).  

Science Literacy in the Digital Age 

Science literacy has played a crucial role within societies and on individuals. Conversely, 

societies and individuals have played a crucial role in science literacy. Howell and Brossard 

(2021) argued the need for stronger science literacy in the digital age and the importance of 

“being able to navigate scientific processes, science issues as they interact with broader society, 

how we all receive mediated information, and how we form opinions on that information are all 

crucial for that literacy” (p. 7). As technology and platforms of communication evolve and our 

understanding of how younger generations engage with information expands, it will be important 

to continue to reassess science literacy in ever-changing cultural climates. “Today’s world needs 

informed and competent citizens who are capable of comprehending and utilizing knowledge at 

hand and employing such knowledge in a sociocultural context” (Elshahed & Tyson, 2020, p. 

15). 

Howell and Brossard (2021) wrote on the complexities and importance of science literacy 

in the digital age and in the age of misinformation: 

We need to expand our conceptions of what it means to be science literate in today’s 

environments of complex science, social issues, and information networks. The stakes for 

decision-making are high, and the potential benefits of science literacy to help us do so 

are as well. It is crucial to think of science-literate citizens (and perhaps of science-

literate communities) in ways that account for the realities of our modern, digital world, 

across the lifespan of scientific information as people access and act on it. This will only 
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be possible if we address civic science literacy, digital media science literacy, and 

cognitive science literacy. (p. 7) 

This is an important point to consider not only for teaching and science communication, but also 

for evaluation of science literacy in the digital age.  

Extrinsic Influences on Science Literacy 

Just as the world has changed and methods of information delivery have evolved, so has 

our understanding of factors that influence learning. This holds true as science literacy 

assessment results differ across the US regardless of the NGSS being foundational to science 

learning in the public school system (NSB, 2022). It is important to understand how external 

factors could influence a person’s understanding of science or how they engage with scientific 

information outside of the classroom. Few studies have been done on extrinsic factors that 

specifically play a role in science literacy.  

McPhetres and Zuckerman (2018) described how negative attitudes toward science have 

been associated with a person’s religious beliefs. Their study examined how religiosity, that is 

religious beliefs and practices beyond simple religious affiliation, impacted belief and trust in 

science. The findings presented showed that there was an association between religiosity and 

negative attitudes toward science and untrustworthiness in science sources (McPhetres & 

Zuckerman, 2018). This is an example of how extrinsic influences could moderate ways in which 

a person learns science or thinks about scientific information. Political polarization is another 

area that was examined in relation to the effects on science literacy.  

Drummond and Fischhoff (2017) found that the amount of science literacy and education 

that a person holds can influence the polarization of their views on science topics. They 
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examined the level of education, religious and political beliefs, and beliefs about six science 

topics (genetically modified food, stem cell research, human evolution, the Big Bang, climate 

change, and nanotechnology). Drummond and Fischhoff (2017) found that there was greater 

polarization of beliefs among those with more general and science education and greater science 

literacy. They showed a significant association of religious beliefs on nanotechnology, the Big 

Bang, human evolution, and stem cell research, while there was a significant association of 

political beliefs on climate change, human evolution, the Big Bang, and stem cell research.  

However, when Fischer et al. (2022) examined the relationship between polarized climate 

change beliefs and motivated reasoning, they discovered that there was contradictory evidence of 

political beliefs against climate change or motivated reasoning. Their study supported the 

findings of Drummond and Fischhoff that showed greater polarization of climate change beliefs 

among those with greater science literacy. However, they were unable to conclude that political 

beliefs drove motivated reasoning toward climate change beliefs, although they did find that 

prior held beliefs influenced a person’s ability to discern trustworthy from untrustworthy 

information (Fischer et al., 2022). Fischer et al. (2022) wondered “What factors could explain the 

present replication of polarization as a function of science literacy without lending support to 

science literacy driving motivated reasoning? One plausible interpretation is that science literacy 

is correlated with other traits or mechanisms that do drive polarization” (p. 11). However, 

extrinsic factors are not the only aspects that have been investigated in regard to ways in which 

science literacy has been impacted.  

Identity and Science Literacy 

There is only a limited amount of research conducted that evaluates the implications of 

intrinsic factors, such as identity on science literacy. To date, Allum et al. (2018) is the only 
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group who investigated the impact of race on science literacy. Their study was conducted in a 

limited capacity. They were concerned that, “the distribution of science literacy is unequally 

stratified, particularly if this stratification reflects broader patterns of disadvantage and cultural 

dominance as experienced by minorities and educationally underserved populations” (p.861). 

Allum et al. were concerned that data gathered through means such as the Science and 

Engineering Indicators (SEI) survey module of the General Social Survey (GSS) analyzed results 

against limited demographic information and therefore was missing crucial evidence of 

disparities among respondents who hold different racial identities.  

Allum et al. (2015) investigated the differences among Black and Hispanic individuals 

responses to GSS from 2006-2016 (https://gss.norc.org/) relative to white persons in the United 

States. They found that science literacy did seem to be impacted negatively when compared to 

race demographics and reported higher means on the science literacy quiz for white respondents, 

followed by lower means for Hispanic and Black respondents, respectively (Allum et al., 2018). 

Even after they adjusted for factors such as sex, socioeconomic status, education level, which 

they believed could reduce the science literacy disparities, they did not see significant reduction 

in mean differences. Allum et al. (2015) suggested that there should be further investigation into 

confounding factors of disparities they found science literacy in underserved populations and that 

quality of teaching, and the learning environment might play an important role as well. 

 Kristyasari et al. (2018) performed a study that examined differences in mastery of low, 

medium, and high category science literacy of junior high students from low-, moderate-, and 

high-categorical schools. This study assessed five indicators of mastery of science literacy. The 

five indicators investigated were recognizing the scientific question, identifying the evidence, 

drawing conclusion, communicating the conclusion, and demonstrating the understanding of the 

https://gss.norc.org/
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scientific concepts. Results showed that there were differences across categories of science 

literacy based on both the categorical-level school and the reported gender of the students 

(Kristyasari et al., 2018). Kristyasari et al. (2018) reported that female respondents performed at 

a much higher rate than the male respondents, and that the female participants were able to 

perform mastery of four of the five indicators assessed (recognizing the scientific question, 

identifying the evidence, communicating the conclusion, and demonstrating the understanding of 

the scientific concepts), while the male respondents were only able to demonstrate mastery of 

one of the five indicators (drawing conclusion). Furthermore, they reported that in the low- and 

moderate-category schools, mastery by female students was better than that of females in high-

category schools (Kristyasari et al., 2018). Identities and aspects of our identities play a large 

role in every aspect of our lives. The complexities of identity and the implications of 

intersectionality should be taken into consideration when looking how any and all identities that 

a person holds could potentially influence the way a person engages with science literacy.  

The minimal body of work investigating the impact that both intrinsic and extrinsic 

factors have on science literacy leaves us with a large gap in our understanding of the 

complexities that surround students being or becoming scientifically literate. In order to 

understand the differences in science literacy among students, it will be valuable to evaluate 

influences beyond micro-level analysis limited to classroom and curriculum. By taking a macro-

level approach and looking beyond the classroom and into community as well as other social 

factors against formally assessed science literacy outcomes, we may be able to greater 

understand nuanced and complex influences that may help or hinder science literacy. 
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Assessing Science Literacy 

Science literacy is critical for successful societies. As a way to improve science 

education, AAAS developed Project 2061 in 1989 to push for a reform to standardize science 

curriculum and improve science literacy among students (AAAS, 1990). In order to determine 

how well our students are learning the concepts laid forth in the national standards the 

assessment tools were developed. There has not been just one standard assessment tool required 

to be used to evaluate science literacy. Contrarily, there have been a number of assessment tools 

created and implemented within the body of science literacy research. In this section I will begin 

by discussing the importance of science literacy to combat misinformation. I will present the 

historical timeline of the creation of science literacy assessment tools and their utilization. As I 

discuss the different assessment tools, I shall touch on differences and similarities among the 

assessment tools as well as on problematic areas within the assessment tools themselves.  

Science Literacy Assessment  

We have seen an increase in concern over misinformation worldwide. With the increasing 

accessibility of information and the ability for anybody to make claims to the general public, it 

has become more crucial than ever that people are skilled with the ability to critically evaluate 

scientific information. Science literacy assessment has been employed in recent years as a way to 

try and understand if science literacy can protect people from misinformation. Howell and 

Brossard (2021) discussed the need for science literacy to encompass what they called the 

“science lifecycle”. This included how science information is generated, how communication of 

that information takes place and is re-packaged by media outlets, and how opinions are formed 

based on that information (Howell & Brossard, 2021). Their model highlighted the types of 

science literacy (civic, digital media, and cognitive) they deemed necessary to support an 



 

 

42 

informed society with individuals that were able to combat misinformation. They discussed how 

the science lifecycle could be utilized to resist misleading information found on digital media 

platforms. For example, they discussed an issue that they call the “digital divide” (p. 4). The 

digital divide described the differences in society of the population “representing who has access 

to online tools” (Howell, & Brossard, p. 4). The digital divide describes not only access to 

information on digital platforms, but how information was sought out, such as through 

entertainment or news. They encouraged the integration of the science lifecycle model as a useful 

tool to help increase science literacy and as a way to combat misinformation (Howell & 

Brossard, 2021). 

Sharon and Baram-Tsabari, (2020) also discussed the concern of society’s ability to 

discern misinformation and evaluated the science literacy literature to identify ways in which 

current science literacy assessments supported or deviated from the goal of helping combat 

misinformation. By evaluating the National Academies’ report, they classified four components 

of science literacy that were most valuable to combating misinformation that had not yet been 

addressed in the science literacy literature. The four components of science literacy that they 

determined were critical for identifying misinformation were “(a) Understanding of scientific 

practices, (b) Identifying and judging appropriate scientific expertise, (c) epistemic knowledge, 

and (d) dispositions and habits of mind, such as inquisitiveness and open‐mindedness”. (Sharon 

and Baram-Tsabari, 2020, p. 873). Sharon and Baram-Tsabari as well as Howell and Brossard 

point to the growing need for us as educators and academics to re-evaluate and reimagine how 

we teach and assess science literacy that reflect the face of a changing society and an ever-

increasing amount of available information alongside misinformation. 
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Development of Assessment Tools for Science Literacy 

In an effort to address the specificity and rigid nature of prescribed outcomes of science 

literacy, DeBoer (2000) argued that science literacy should be a flexible literacy that supports 

local needs that are appropriate for a given community. DeBoer spoke to the lack of an agreed 

upon definition of science literacy and the selective nature to which the national science 

standards are used. He argued that “we should accept the fact that scientific literacy is simply 

synonymous with the public's understanding of science and that this is necessarily a broad 

concept” (DeBoer, 2000, p. 594). However, assessing science literacy is necessary to facilitate a 

general understanding of the impact of the NGSS on our students and how that translates beyond 

the K-12 classroom. 

There have been few validated and usable science literacy assessment tools to date. 

Gormally et al. (2012) developed the test of scientific literacy skills (TOSLS) as a way to assess 

scientific information and arguments among undergraduate students. This tool was developed, 

validated, and used specifically for undergraduate biology students. Gormally et al. identified a 

set of nine skills they deemed necessary for science literacy:  

to (I.) understand methods of inquiry through: the ability to identify valid 

scientific argument; to evaluate the validity of sources; to evaluate the use and 

misuse of scientific information; to understand elements of research design and 

how they impact scientific findings/conclusions and (II.) to organize analyze and 

interpret quantitative data and scientific information through graphical 

representation of data, and scientific information; read and interpret graphical 

representations of data; solve problems using quantitative skills, including 
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probability and statistics; to understand and interpret basic statistics; and to justify 

inferences, predictions, and conclusions based on quantitative data” (p. 367)  

They stated the goals of science literacy should be concept recognition and analysis as a way to 

be able to critique scientific outcomes in order to make informed decisions as well as to assess 

quality and reliability of sources (Gormally et al., 2012).  

The TOSLS utilizes a mixture of multiple choice and short answer questions. It was pilot 

tested and validated through expert faculty evaluations and student interviews. Descriptive 

statistical characterizations of each response were analyzed. Their analysis suggested that “the 

tested skills are related and that it is meaningful to view a student’s score on the TOSLS as a 

measure of his or her scientific literacy skills” (p. 373). A second round of multiple choice only 

testing occurred over three semesters in a pre- and post-test manner to evaluate learning growth 

and validity of the measure (Gormally, 2012). Results were quantified using estimated marginal 

means and analyzed using an analysis of covariance (ANCOVA). Their findings indicated that 

the TOSLS was sensitive enough to detect single semester learning gains and repeated 

administration of the tool confirmed its validity (Gormally, 2012). The free and available 

assessment has been used in several studies to evaluate science literacy in various environments 

(see Prabowo & Fidiatuti, 2017; Segarra et al., 2018; Utami, 2021; Waldo, 2014), while 

Gormally (2012) also suggested that the tool could be used to guide and modify science 

curriculum to aid in an increase of citizens’ science literacy.  

Fives et al. (2014) relied on DeBoer’s broad definition of science literacy when they 

developed an assessment for science literacy for middle school students. They also spoke to 

scarcity of science literacy assessment tools and stated that “existing measures have three key 

limitations in that they (1) tend to be field/discipline specific, (2) are intended for students at the 
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secondary or university levels, and (3) ignore the assessment of students’ motivation for and 

beliefs about science.” (p. 557) The third sentiment was echoed by Benjamin et al. (2015) when 

they critiqued previous assessments developed to gage science literacy concerned that they failed 

to be useful in the determination of success in STEM fields. 

Prior to the work of Benjamin et al., Fives et al. (2014) created an assessment that could 

be accomplished with pencil and paper and was reliant on two parts. The Science Literacy 

Assessment (SLA) includes a multiple-choice section that assesses demonstratable science 

literacy with every day, not discipline specific, content (SLA-D) and a section with Likert-scale 

questions that addresses motivation and beliefs (SLA-MB). They used a multistage approach for 

the development stage of SLA-D assessment items, while items of the SLA-MB were either 

modified from Wigfield and Eccles (2000), repeated from Kettlehut’s (2010), or generated by the 

authors to greater align with their conception of science literacy (Fives et al., 2015).  

The SLA-D assessment development consisted of two pilot studies and a third prototype 

study that used variations of the assessment tools and were administered in different orders, and 

descriptive and correlation statistics were run on the results (Fives et al., 2014). Both pilot 

studies asked “1. How do middle school students respond to items on this? 2. Are indicators of 

test difficulty (discrimination index, correlations) reasonable for all items? 3. How should the test 

be revised to better measure scientific literacy?” (Fives et al., 2015, p.563). They utilized 

findings from the pilot studies to revise and omit items on the assessment prior to the 

administration of the pilot study. They found no significant difference between the SLA-D 

versions (1 and 2) for either pilot study. This SLA tool is not suitable for use at a post-secondary 

level as it was designed for use in middle schools. Additionally, limitations remain in the validity 

and reliability of this assessment tool. The authors admit to four limitations of the assessment’s 
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validity including its unknown generalizability. First, they pointed to the fact that they did “not 

provide evidence based on relations to other variables. This first omission is a serious limitation 

of our current work” (Fives et al., p. 574). They also discussed the limited nature of the study 

within a single school district and few teachers were tasked to review the tool, and lastly, they 

did not “provide any evidence based on test consequences” (p. 574) (Fives et al., 2015).  

In an attempt to understand the link between science literacy and success in STEM 

disciplines, Benjamin et al. (2015) developed and validated the Scientific Literacy Survey for 

College Preparedness in STEM (SLSCP-STEM). The SLSCP-STEM was designed to assess 

attitudes, content knowledge and scientific reasoning skills of incoming first year college 

students and to determine their preparedness as STEM majors (Benjamin et al., 2015). Benjamin 

et al. (2015) argued that there was a need for an assessment tool to be specifically applied to 

STEM majors, whereas previously developed assessment tools were geared toward all students. 

They further argued that the Test of Scientific Literacy Skills (TOSLS) only assessed two 

abilities that involved inquiry methods quantitative data. They claimed, “SLSCP-STEM is 

unique in that it focuses on utilitarian scientific literacy of incoming undergraduate freshman 

STEM majors, and it assesses scientific literacy through the lenses of scientific attitudes and 

behaviors, content knowledge, and scientific reasoning” (p. 608). However, Benjamin et al. 

(2015) acknowledged the lack of knowledge about the impact of race, gender, ethnicity on 

science literacy, although stated there was ongoing analysis of their findings in those regards. 

The SLSCP-STEM was designed as a tool to predict the success of STEM majors as well 

as to develop interventions, not categorize students (Benjamin et al., 2015). However, to date, 

there have been no peer-reviewed empirical studies that have applied the SLSCP-STEM. In 2021 
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it was shown to be used in two different research studies, one unpublished that assessed student 

resilience in HBCUs, and one dissertation that looked at first-year nursing students.  

Global Assessment of Science Literacy 

Assessing science literacy has not only occurred within the United States. Science 

literacy is a global concern. Grammatikopoulous et al. (2019) utilized the Greek version of an 

SLA adapted from an assessment implemented by Samarapungavan et al. in 2009 for 

kindergarten students in the United States. While no information was provided which described 

the creation of the Greek version of the SLA, the authors often cited work performed by 

Samarapungavan et al. (2009) and Mantzicopoulos & Samarapungavan (2013). The SLA 

evaluated science inquiry processes and life science concepts. The outcome of their study 

showed that even in kindergarten there is evidence to support the ability to develop science 

inquiry skills (Samarapungayan et al., 2009). The Greek version of the SLA was administered to 

Greek students in early childhood education (ECE) settings. Results showed relatively similar 

means of science literacy performance between children assessed in the Grammatikopoulous et 

al. (2019) and the Samarapungavan et al. (2009) study. While the overall knowledge level was 

reported to be comparable, Grammatikopoulous et al. (2019) findings presented interesting 

evidence that Greek children performed better in areas of science inquiry, while US children 

performed better in areas of life science concepts, attributing these results to the differences in 

curriculum. 

Ardiyanti et al. (2019) looked at research on science literacy done in Indonesia. The study 

narrowed down and evaluated literature specific to Indonesia in order to gain a macro view of 

how science literacy was being evaluated. Their findings showed five research methodologies 

and a variety of data collection methods used among the 18 studies evaluated (Ardiyanti et al., 



 

 

48 

2019). The five methodologies were experiment, development, action research, descriptive, and 

quasi experiment, and the data collection methods included: questionnaire, interview, document 

analysis, observation, rubric, worksheet, essay, multiple choice, and video recording. Beyond the 

methodologies and data collection, this study determined that there was a need for the 

development of learning media within context to improve science literacy (Ardiyanti et al., 

2019). This demonstrated how science literacy assessments can inform our need as a science 

community to continually re-evaluate the what and the how in terms of ways in which science 

literacy assessments are being delivered. It further showed what we can learn from the data 

collected, and how we must re-imagine ways in which we create and deliver science curriculum 

that holds relevancy and meaning for the students in an ever-changing world. In the 21st century, 

we, as science educators, need to continue to re-evaluate and generate assessment tools that 

reflect our goal to make science literacy a priority for our students and our society. 

Sociocultural Influences on Science Education 

Limited research has been done on sociocultural experience within the biological or the 

life sciences and science education. Ceci et al. (2009) explored sociocultural and biological 

factors in regard to underrepresentation of females in science, specifically math-intensive 

science, and concluded that both sociocultural factors and biological factors were responsible for 

said underrepresentation. They stated, “Reasons for preferring non-mathematics fields may 

include both free and coerced choices, which can be influenced by biological and sociocultural 

factors that either enable or limit women” (Ceci et al., 2009, p. 251). Findings that highlight both 

influence from biological and sociocultural factors in learning contend the belief that biological 

factors are not a reliable source of one’s ability to do science and may support continued 

marginalization within science disciplines.  
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Drawing from multicultural education methods, Rivera Maulucci (2010) argued for the 

incorporation of social and cultural materials within middle school science in order to combat 

continued marginalization of students from historically excluded backgrounds and described the 

necessary support that teachers require to provide more representative learning environments. 

Gilbert and Yerrick (2001) investigated how students from a rural community and in low track 

science courses identified their place in the school environment and how their placement in low-

track science contributed to social reproduction. They found a subverted effort for quality 

science in the classroom based on cultural negotiations and low student expectations: 

Two entirely different cultures of school coexist in the same physical environment, 

cultures that mutually carve out their entities around rules of power and discourse. They 

are literally two separate worlds residing in one school. Unfortunately, the interactions 

within and across boundaries drastically impair some students' standards of science 

instruction and level of engagement (Gilbert & Yerrick, p.594). 

While sociocultural theory and research does offer greater insights into the moderating 

effect of social and cultural influences and has allowed us to understand our students and their 

learning, sociocultural theory has been critiqued due to it not addressing power, identity, and 

agency and how power relations affect the learning environment.  

The genesis of critical theory was a reaction to fascism and a critique on the social 

movement as well as means for liberation. Critical theory has been applied to politics, policy, the 

legal system, power in society, as well as education (e.g., Castells, 1996; Forst, 2001; Giroux, 

1986; Ozanne & Murray, 1995; Peca, 2000; Tollefson, 2006). While individuals in positions of 

power are not the target of critical theory, the systems that those individuals uphold are often 

exclusionary and hold prejudice for anyone that does not hold an identity that reflects that held 
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by the people in the positions of power. Science education and therefore science literacy is not 

immune to influences of systems of power. Lather (2004) critically evaluated science education 

and policy in the United States and warned “that the movement towards ‘evidence-based policy 

and practice’ oversimplifies complex problems and is being used to warrant governmental 

incursion into legislating scientific method” (p. 759). He nodded to the complex nature of 

society: 

Values and politics, human volition and program variability, cultural diversity, multiple 

disciplinary perspectives, the import of partnerships with practitioners, even the ethical 

considerations of random designs: all are swept away in a unified theory of scientific 

advancement with its mantra of ‘science is science is science’ across the physical, life and 

social sciences (Luther, 2004, p. 762).  

This oversimplification of science is science is science has hindered science education on the 

basis of an objective nature of science. The nuances and complexities of societies and cultures 

are just relevant to our understanding of what influences science education and science literacy. 

In this section I will discuss exclusionary practices within STEM disciplines based on race and 

gender. I will present findings of social, community, and economic influences that have 

influenced the education of our science students. Lastly, I will discuss the impacts of race and 

gender on science education. 

Race, Gender, & STEM 

Within education exclusionary practices create greater inequity in learning spaces 

through the curriculum and resources used, as well as the centering of the white and often male 

identity. This is also true within science spaces. We know that there have been problematic trends 

of exclusionary practices within STEM disciplines. Racism and sexism are two of the most 
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researched topics in this area. Leonard (2009) described the detriment of the post-Civil Rights 

era of colorblindness and how the attempt to diminish the relevance of race further contributed to 

the division of equal opportunities within education. He addressed the compounding factors of 

race, social status, and the education system. While overt racism is not as common, there are still 

frequent reports of instances of sexual harassment within science spaces. Covert and systemic 

examples of racism and sexism within science spaces continue to be published, showing that this 

is still a problem within the science discipline (e.g.,Harrison & Tanner, 2018, Martin, 2019; 

Torres, 2012; Yang & Carroll, 2018). 

STEM disciplines have often been thought of as neutral domains. That is, due to the 

claimed objective nature of the subject matter, it has been long assumed that people who have 

been successful in STEM are those who were able to be successful in understanding the content 

and performing in that STEM area. This is what has been long referred to as merit-based success, 

or meritocracy. This way of thinking about success within STEM, though still common, is highly 

problematic. It ignores real-world factors at play, such as racism or sexism and it ignores the 

experiences that students in STEM classrooms bring into and take away from those spaces. One 

of the ways this is reproduced is through the white centering nature of science curriculum 

(Bratman & DeLince, 2022). 

White centering is problematic due to the implications of people from other racial or 

ethnic backgrounds being at a deficit when white knowledge is the standard (Battey & Leyva, 

2016). Battey & Leyva (2016) exposed how whiteness was reproduced “symbolically and 

materially” (p. 59) in mathematics education, which further marginalizes other ways of knowing 

that are not historically Eurocentric. This is reflected in the science education as well (Gough, 

2014). 



 

 

52 

Aikenhead (2006) discussed the ways in which many, especially people from Indigenous 

communities, often feel unwelcomed within science classrooms. They speak to the harm done by 

the very nature of Western science and how Eurocentric ways of knowing have historically 

disregarded other ways of knowing and invalidated ideals that do not align with Western 

knowledge (Aikenhead, 2006). Battey & Leyva (2016) echoed those sentiments and further 

expressed how racial hierarchies common in mathematic are reinforced by identity within 

mathematic spaces through the elements of academic (de)legitimization, co-construction of 

meaning, as well as agency, and resistance. 

Battey and Leyva (2016) showed how marginalization of non-white students is 

perpetuated in multiple elements: ideological discourses, physical space, history, and 

organizational logic; all nested within an institution. They spoke to the racial hierarchies within 

mathematics and stated that they are upheld due to the “social construction of whiteness as a 

privileged identity in everyday society is maintained in classrooms and other mathematics spaces 

through inequitable learning opportunities as well as feelings and experiences of academic de-

legitimization experienced by historically underserved students of color” (Batty & Leyva, 2016, 

pp. 70-71). 

It is through the use of critical theory that these types of marginalization and the systems 

that perpetuate them are able to be exposed. The call for diversification within science disciplines 

has been in response to the inequities within science education. Unfortunately, many of those 

efforts have lacked long-term sustainability. While demographic data has shown the ebbs and 

flows of increasing and decreasing diversity among science students, we must look beyond the 

numbers and ask ourselves why these fluxes have continued to occur (Eagly, 2021; Funk & 
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Parker, 2018; Rivers, 2017). Long-term sustainable change must come from an overhaul of the 

system, which is why critical theory is so crucial to this type of research.  

McGee (2020) found that much of the work that has been done to expand diversity in 

STEM spaces, specifically among underrepresented and racially minoritized people in the United 

States, has been inadequate for sustainable change. They argued that in order to make lasting 

change to diversify, not assimilate, students in STEM, it is necessary to take a critical look at the 

structural racism that persists within STEM itself. McGee contended that, “What we really do 

not need in STEM is more of the same type of students from the same institutions, taught by the 

same professors, learning the same curriculum, working at STEM institutions where everybody 

looks (and quite possibly thinks) similarly” (p. 640). 

Inequities within these spaces have been highlighted to an even greater degree when 

individuals hold more than one identity from any given historically excluded group, such as race, 

gender, sexual orientation, and disability (Cho et al., 2017; Crenshaw, 1990). The 

intersectionality of these identities further stratifies societal disadvantage. The more historically 

excluded identities an individual holds, or the degree of their intersectionality, increases the 

amount of exclusion or disadvantage to which they are subject within power relations and within 

the system (Crenshaw, 1990; Saatcioglu & Corus, 2014). 

Master and Meltzoff (2020) discussed awareness that students have around identity and 

social stereotypes and how stereotypes have negatively impacted success in STEM courses. 

Inequities in knowledge or education based on gender have been identified in various disciplines, 

such as mathematics, physics, and engineering, to name a few (see Bowden, 2017; Evans et al., 

2020; Anaya, 2021; Posselt, 2020). Social stereotypes, especially those based on social class, 

lend themselves to maintaining social reproduction and social inequity (Durante & Fiske, 2019). 
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While no social identity is singular and a determinant of social class, social status has historically 

been closely associated with race and cultural difference, which has led to inequities in education 

(Durante & Fiske, 2019; Master, 2020; Rekker et al., 2015; Santiago et al., 2011).  

Communities, which are often separated based on socioeconomic status, tend to have 

additional factors that compound the disadvantages associated with their sociocultural standing, 

such as greater poverty, increased mental illness and higher crime rates (Rekker et al., 2015; 

Santiago et al., 2011; Torres et al., 2018). Increased instability and lack of access to resources can 

negatively impact a person’s physical and mental well-being. Added challenges can further 

complicate educational success (Masters, 2020). Boehme et al. (2020) discussed how 

neighborhoods in low socioeconomic areas are often subject to underfunding and lack of 

community support.  

There are further consequences that can be associated with social reproduction. Not only 

does social reproduction influence how we learn and what we learn, but also who is deemed 

important to learn about. Representation within the classroom and curriculum can play an 

unintended role in inequity in education and the perpetuation of the status quo. A lack of 

representation in our curriculum does not allow for our students to learn about different cultures, 

social structures, ways of knowing or ways of being. Limited exposure to other cultures or social 

identities in these spaces contribute to hostile environments. Hostile environments have also 

been created through more covert mechanisms that are often times very difficult to recognize at 

first glance and are often driven by unconscious forms of social reproduction that aim to 

maintain and uphold the status quo (Berk, 2017).  

Factors that contribute to hostile environments may seem innocuous to those who have 

always seen themselves reflected in the curriculum, in the textbooks, in the educators, but a lack 



 

 

55 

of representation in such spaces are just a few examples of factors that have been cited as having 

contributed to these hostile environments (Posselt, 2020). Microaggression has also shown to be 

a contributing factor to the creation of hostile classrooms or science communities (Berk, 2017; 

Lee et al., 2020). Berk (2017) argued that interactions with students or other people that 

undermine their identity can lead harm for those individuals on the receiving end of 

microaggressions. Evidence showed that hostility in learning spaces, whether overt or covert, can 

play a role in how students engage or disengage with their educators or the curriculum (Freeman, 

2020; Lee et al., 2020). Hostile environments can lead to students’ unwillingness to participate in 

class activities or class discussions, and negatively impact mental health (Christensen et al., 

2021). 

There is evidence that within STEM fields and higher education there have been and still 

are roadblocks in place that deter people of historically excluded groups from pursuing careers or 

education in STEM disciplines (Davidson, 2011; Laurence & Bentley, 2016; Moise, 2021). As 

science educators, regardless of whether these instances are happening within the classroom or in 

industry, we should be alarmed and motivated to advocate for change in all ways possible within 

science. Hostile and harmful environments can change the way students engage with the 

material, each other, and even society (see Freeman, 2020; Lee, 2020). The influence of 

representation in science and science education or the lack thereof, could play a role in the ways 

in which people participate in science in and out of the classroom. So, what does this mean for 

science literacy? It suggests that science literacy may not be approached in an inclusive and 

equitable manner, especially to students who come from historically minoritized communities. 
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Critical Research in Science Education 

Barton (2001) utilized critical ethnography to determine a path toward liberation and 

increased science literacy in urban schools. Her study aimed to understand the continued 

challenges in science education based on race, gender, and class in urban science education from 

a collaborative story written by the author and two, fourth-grade, Mexican American, females 

that experienced homelessness. Barton found that the science education in the urban school was 

inequitable to the students that were a part of her research. Her work exposed the need for 

science education to be responsive to the lives of students, especially those that hold minoritized 

identities (Barton, 2001). Urban schools tend to have greater diversity in their student 

populations than rural or suburban schools, however, that does not mean that rural and suburban 

area schools are immune from the important need to be critically examined. 

Torres (2012) investigated the disparity of women of color in STEM. She analyzed 

documents from ADVANCE from the National Science Foundation and ISU to identify factors at 

play that upheld the status quo. Torres found three themes that she stated were “connected 

through three interlocking systems of oppression (as described by Collins, 1994, 2004) -

capitalism, patriarchy, and racism” (p. 36). The three themes she identified were “1.) political 

economy of equity and diversity in STEM, 2.) maintenance of male dominance and the status 

quo; and (3) “universal women” and the normalization of Whiteness” (p. 36). Her findings 

challenged the notion that the call for diversification in science was fully supported by the 

systems in place as “the rhetoric of “full participation” comes with the caveat of conformity and 

subjugation for both White women and women of color…this should tell us that current 

programs and practices are not working” (Torres, 2012, p.41). The call for a deeper look at 

reform in STEM education is not isolated only to science. Martin (2019) also challenged the 
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notion of reform within mathematics. He described how mathematics was rooted in 

antiblackness through evaluating analyses at inter- and intrapersonal levels as well as at the 

structural level. He concluded that any reform in mathematics that did not center Black liberation 

would ultimately continue to perpetuate antiblackness in mathematics as well as drive Black 

people away from the discipline (Martin, 2019). The structural inequities are pervasive in STEM 

education. Additionally, due to the nature of how studies are categorized, subsets of people 

holding multiple underrepresented identities can be lost in the data, for instance Black women or 

non-binary individuals of any race. 

Espinosa (2011) investigated what factors contributed to the persistence of women of 

color in STEM majors in college. She analyzed longitudinal survey data from the Higher 

Education Research Institute (HERI) Cooperative Institutional Research Program (CIRP) at 

UCLA that included background information and a senior reflection survey focused on the 

students four-year college experience. She found that both the collegiate environment and 

experience played a larger role in the persistence in STEM disciplines than prior education or 

family factors (Espinosa, 2011). This study did not take into consideration factors such as 

conformity within systems that Torres addressed.  

Blair et al. (2017) examined the relationship between teacher identity and the promotion 

of gender equity in STEM classrooms. They interviewed 18 undergraduate instructors in 

engineering programs and found that there were three dominant discourses: gender blindness, 

gender acknowledgment, and gender intervention. Blair et al. (2017) stated that gender blindness 

ignores the important component of gender as identity, that gender acknowledgement allowed for 

instructors to relinquish their own responsibility to further create gender equity in their 

classroom, and that gender interventions actually promoted increased gender equity efforts but 



 

 

58 

was the least used among the instructors. It was noted that none of the three discoursed identified 

were satisfactory for contributing to less gender bias, and that there was a need for expanded 

discourse (Blair et al., 2017). 

The continued findings of systems that uphold hegemony in education and systems of 

power that perpetuate inequity and exclusion. The continued exclusion of historically minoritized 

and underrepresented voices has limited the depth and breadth of science knowledge. It has also 

limited our ways of teaching students science in a way that is meaningful and culturally relevant 

to them. Further investigations that question systems that aim to maintain the status quo could 

give us deeper insight into factors that must be addressed and pushed back against in order to 

create sustainable and equitable change in science education. Greater understanding of how harm 

is perpetuated through exclusion caused by systemic exclusion has the potential to generate 

environments where more students feel safe and motivated to engage in science learning and a 

sense of belonging in science communities, therefore increasing science literacy within society.  

Conclusion 

Problems moving toward equity in science and science education remain. These issues 

persist through the maintenance and support of programs in place meant to maintain the status 

quo and perpetuate social reproduction. It is through these mechanisms that the problematic 

nature, such as hostile learning environments persists. Without critical inquiry into the many 

outcomes that maintaining these systems play, it is unlikely that there can ever be meaningful 

progress towards a more equitable, inclusive, and accessible science community.  

Continued exclusion and underrepresentation may also contribute to how students engage 

with science outside the classroom. This is echoed in the fact that the global majority is left out 
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of meaningful education as well as the conversation, while the power holding minority controls 

the outcomes and fate of education and policies that affect that education. These same power-

holding few control the outcome of how disasters, such as the ongoing pandemic and global 

warming, are handled. If our students are not supported in ways which encourage and facilitate 

science literacy and the enactment of science literacy within society, then the potential to 

perpetuate catastrophic harm to society and the planet may be imminent. 

As has been presented, science has not progressed in a way that is wholly and equitably 

representative. We can and should find ways in which we, as educators, can do our part to help 

build a science community that is more inclusive and less hostile. By critically considering the 

role that sociocultural experiences play in our students lives and investigating potential impacts 

of previous experiences with science education, we may begin to see the extent to which these 

external factors impact the foundation of science learning in our students.  

Depending on the social influences within a community, science literacy can be enhanced 

or hindered. Through social reproduction, there can be increased access and resources available 

to enrich science learning. Social reproduction can also create greater inequities in science 

learning due to issues such as less funding, decreased access, limited resources, and lower 

expectations of the students. It is through a reimagination of the approaches we take to 

understanding our students, our teaching and learning environments, as well as being aware of 

how we can strive for educational democracy that there is hope for an equitable future. 

Furthermore, exploring student perspectives into issues such as global warming or the 

ongoing pandemic, and how their feelings are associated with their science education could lend 

to deeper insights into the true impact of the NGSS in our school systems. Through exploring the 

relationship between sociocultural experience, experiences in science and science education and 
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how students engage with the enactment of science literacy, perhaps we can begin to understand 

the complexities and nuances that contribute to such confusion and lack of meaningful action 

that has been especially highlighted in society over the course of the SARS-CoV-2 pandemic.  
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Chapter 3 Methodology 

Introduction 

This study utilized a mixed methods approach in order to investigate the relationship 

between previous science experiences, science literacy, and sociocultural experiences among 

traditional first-year university students. Informed by critical sociocultural theory, this research 

aimed to probe a deeper understanding of how students’ science literacy may be influenced by 

social and cultural factors. Additionally, this study pulled from transformative learning theory to 

guide our understanding of learning in university students. Insights from this study will help 

science educators, curriculum developers, and the science community as a whole gain valuable 

understandings into what roles extrinsic factors, such as previous science experiences along with 

social and cultural aspects play in the development of students’ relationship with science and 

how those components correspond to science literacy.   

For the qualitative aspect of this study, basic qualitative research was chosen to answer 

research questions as it allows for an investigation into individual experiences without being 

constricted to other methodological approaches, such as case study, where the research would be 

restricted to a bound system (Creswell & Creswell, 2017). Basic qualitative research supported 

this investigation in that it allowed for greater flexibility in the study design and facilitated the 

opportunity to gain insights into the perspectives of individuals who participated in the study by 

having a less rigid structure than other defined qualitative methods (Merriam, & Tisdell, 2016). 

In order to gain a clearer understanding of how science learning and engagement with scientific 

information is mediated by social and cultural influences, it was important to investigate the 

unique experiences and perspectives of the individuals. 
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The quantitative portion of this study assessed demographic information, sociocultural 

aspects, previous science experiences, and responses to science literacy questions. Descriptive 

statistics were used for initial evaluation of responses. Descriptive statistics were employed to 

analyze demographic data, sociocultural responses, and previous science experience data 

alongside science literacy responses. Correlation analysis was utilized in order to assess 

correlations and emerging patterns. 

Both qualitative and quantitative factors were taken into consideration when exploring 

how sociocultural experiences impacted science learning and engagement with scientific 

information. Furthermore, critical evaluation of responses to open-ended questions associated 

with previous science experiences, sociocultural experiences and science literacy assessment 

allowed for a deeper understanding of potential power dynamics that can influence how student’s 

experience the world around them. Information from critical analysis may also shed light onto 

issues of power within society that may impact students’ engagement with science and their 

understanding of what is reliable scientific information. This study aimed to consider if previous 

science experiences along with social and cultural matters influenced students’ science literacy, 

taking particular interest in how social and cultural influences impacted their relationship with 

scientific information and education. 

Methodological Justification 

Research that has evaluated sociocultural issues as well as social reproduction has 

historically been qualitative. Qualitative methods have been important in evaluating what is 

going on within systems that continue to maintain the status quo. Anyon (1980, 1981), Federici 

(2019), and Reichelt (2019) examined power structures that contribute to inequality within 

communities and schools. Work that has addressed social reproduction within schools has 
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provided long-standing insights into how schools contribute to the perpetuation of division of 

people based on socioeconomic standing (Bakker & Gill, 2019). Results of studies that 

investigated inequities in classrooms have also contributed to the understanding of how our 

schools themselves play a crucial role in the sociocultural experiences that formatively shape our 

students. Studies which incorporated sociocultural aspects laid the groundwork to understanding 

how social inequities play a large part in our schools (Bourdieu, 2018; Reichelt, 2019). Unequal 

foundations in society can contribute to ways in which students absorb, understand, and 

incorporate what they learn in school.  

The majority of research that has assessed science literacy, or scientific literacy, has been 

quantitative in nature. For instance,  work that has surrounded areas such as diversity, equity, 

inclusion, and accessibility (EIA) within science, often interlaced with science, technology, 

engineering, and mathematics (STEM) studies, has often assessed demographics of within 

STEM  communities in order to understand the ever-changing landscape of who makes up the 

populations within science, STEM,  science education, or STEM education (Eagly, 2021; Funk 

& Parker, 2018; Rivers, 2017). The evaluation of demographics in this area is utilized to assess 

the impact of efforts employed to advance EIA efforts within science or STEM.  

Other studies have laid theoretical foundations for the definitions of science literacy, both 

variable and evolving (e.g., Champagne et al., 1989; Feinstein, 2010; Laugksch, 2000). They 

have paved the way for assessments and evaluation of science literacy among students both in 

terms of prescriptive and descriptive applications (Feinstein, 2010). While the majority of this 

work has been quantitative, there is valuable need to evaluate science literacy through the lens of 

one’s personal experience, especially when evaluated against sensitive subject matter, such as 

identity, agency, and social and cultural experiences. 
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While the quantitative information analyzed within studies that evaluate the community 

make-up of science or STEM is extremely useful for monitoring shifts to the demographics 

within these spaces, it only tells a partial story of demographic changes. Quantitative studies that 

evaluate demographic data leave out critical information, such as perspective and experience that 

could detail why certain changes in demographics are taking place or why there has not been 

more progress in areas of EIA. Quantitative studies have revealed the who and how many, but 

not the why. Additionally, demographic studies alone ignore social and community factors that 

play a role in moderating learning of scientific information. While a lot of this work has been 

guided by quantitative studies, there has also work that has been done within the realm of EIA, 

be it within the science or STEM community, that has been of a qualitative nature (Bianchini, 

1997; Mansour & Wegerif, 2013; Master & Meltzoff, 2016; Posselt & Grodsky, 2017).  

The qualitative aspect of exploring social and cultural influences in science spaces is 

critical to helping obtain a more holistic understanding of changes that could be made within 

science classrooms and communities. Very little research to date has explored the impact of 

identities on scientific literacy, and what has been published was quantitative and descriptive in 

nature. The limited literature has investigated disparities in race and gender, individually without 

considering the impact of intersectionality (Allum et al., 2018; Kristyasari, 2018). The key nature 

of basic qualitative research is to explore and uncover how people make sense of their lives and 

experiences (Creswell & Poth, 2016). Merriam and Tisdell (2016) list the three key 

characteristics of basic qualitative research as, “(1) how people interpret their experiences, (2) 

how they construct their worlds, and (3) what meaning they attribute to their experiences” (p. 

24). By including qualitative methods in this study, I was able to probe deeper into student’s 

experiences and perceptions about their previous science and lived experiences as well as 
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exploring their reasoning behind how they answered certain science literacy assessment 

questions. 

Design of Study 

Setting 

Data were collected at an R1 public university in the Southwest region of the United 

States, herein referred to as Central University. Data was collected during the Spring Semester 

2023 and the Fall Semester 2023. Central University is a large school that has both graduate and 

undergraduate programs with a total number of 26,695 students enrolled where 19,774 were 

classified as undergraduate students. The majority of undergraduate students were enrolled as 

degree-seeking students, while 2% of undergraduates enrolled were identified as non-degree 

seeking. There were slightly more females enrolled than males. The majority of students were 

identified as white, while 36% identified as a race or ethnicity other than white. 

Participants 

Participants for this study were sourced from a pool of students who were enrolled as 

first-year students during Spring Semester 2023, Fall Semester 2022, or Fall Semester 2023 at 

Central University. The total number of potential participants was approximately 5000 students. 

Participants were a minimum of 18 years old with a maximum age of 22. The purpose of limiting 

the age to 22 years old was to ensure an appropriate range of students that fit the traditional 

description of a first-year college student. This age constraint was accommodated for individuals 

who may have taken a gap year or taken longer to complete secondary school. Additionally, 

narrowing the age range attempted to limit the participation of non-traditional students, such as 

those that served four years in the military directly after high-school, or who chose to begin 
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college later in life for any given reason. It was assumed that situations like having been in the 

military, or having waited until later in adulthood to begin schooling at the university level would 

therefore have further confounding factors such as a greater wealth of life experiences that would 

contribute to their experience and understanding of the world around them. The inclusion criteria 

for participation were 1) be at least 18 years of age but not older than 22 years of age, 2) enrolled 

as a student at Central University, 3) be a first-year traditional college student. Of the total 

number of potential participants, I received 200 responses, of which six did not consent, and 16 

did not qualify for this study. Of the 178 respondents who did consent and were within 

qualifying criteria, 137 did not complete the entire survey, leaving 41 respondents who 

participated in this study 

Data Collection 

Data collection was accomplished utilizing an online survey created and deployed using 

Qualtrics (November, 2023). The survey consisted of four sections, the demographics block, the 

previous science experience block, the sociocultural experience block, and the science literacy 

assessment block and can be found in its entirety in Appendix A. The first section contained 

consent, qualifying questions, as well as questions related to participant demographics, herein 

referred to as the demographics block. The second section contained questions related to 

participants’ previous science experiences that included qualitative questions, herein referred to 

as science experience block. The third section contained questions surrounding the sociocultural 

experiences of the participants which included qualitative questions, herein referred to as the 

sociocultural block. The final section contained the science literacy assessment. The entire 

survey was designed to take no longer than 30 minutes for participants to complete. In order to 
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avoid participant fatigue, the demographics, science experience, and sociocultural blocks 

contained 12 questions or less each.  

There was no compensation for participants associated with this study. The survey link 

generated using Qualtrics was distributed via Central University mass email to all first-year 

undergraduate students enrolled at Central University. Students were given a brief synopsis of 

the purpose of the study included with the recruitment email that contained the electronic survey 

link. The recruitment email and survey link were sent three times over the course of the Spring 

Semester 2023 and twice over the course of the Fall Semester 2023. Direct in-person contact or 

through personal email with any students was not conducted. While the survey was designed to 

be anonymous, all data collected were assessed for any identifiers that may have been included 

and were de-identified by a third-party before I began data analysis. I garnered guidance and 

adapted this survey from various sources appropriate for each respective section of the survey, 

utilizing validated assessment tools where possible.  

Survey Design  

Consent was requested as the first question of the demographics section. If consent was 

declined, the participants were directed to the end of the survey. During the first round of data 

collection in Spring Semester 2023, all participants who agreed to consent continued to three 

qualifying questions that pertained to their eligibility. The first qualifying question asked the 

participants if they are within their first year of university. Any responses other than yes were 

directed to the end of the survey. The second qualifying question pertained to age range. 

Participants who chose an age range other than 18-22 were directed to the end of the survey. All 

qualifying participants were allowed to continue participating in the survey. The third qualifying 

question asked if they had been enrolled in an introductory science course during the Fall 2022 
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or Spring 2023 semester at Central University. After initial evaluation of responses from the first 

round of data collection, it was identified that the third question eliminated a vast number of 

students willing to participant in the study and was also deemed an unnecessary qualifier for the 

nature of this study. For the second round of data collection during Fall Semester 2023, the 

question regarding was science course enrollment was retained, but modified from being a 

qualifying question, therefore, a response of “no” allowed students to continue participating in 

the survey. The remaining questions in the demographics section included major field of study, 

race, ethnicity, gender identity, sexual orientation, political affiliation, and ability. The available 

response choices were expanded beyond traditional binary or limited responses to make it as 

representative as possible for students who hold various and intersecting identities (Fernandez et 

al., 2016). The suggested language for more inclusive demographic data collection was modeled 

from the office of regulatory affairs and research compliance (ORARC, 2020).  

In order to elicit participants’ perceptions of their previous science experience, survey 

items were developed containing multiple choice, Likert-scale questions related to participants’ 

experiences from kindergarten to Grade 12, as well as open-ended questions which probed 

household and community views toward science. Due to a lack of a single validated tool that 

assessed the specific science experience questions of interest in this study, the multiple choice 

and Likert-scale questions were modeled from the National Center for Education Statistics 

(NAEP) Science Report Card Science Assessment (NAEP, 2019). Additional questions and 

response choice design were modeled from the ASPECT survey tool which is a validated survey 

tool developed to gain a more holistic understanding of student experience (Wiggins et al., 

2017). Questions used clear and concise language as well as standardized responses choices. The 

first question in this block asked if the participant considered themself a science person. 
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Questions asked logistical questions of participants’ previous science experiences, such as how 

many science classes were taken in high school and whether they considered themselves an 

active participant in science classes. Questions related to how they perceived their science 

experiences included questions related to overall science experiences, how engaging they found 

previous science courses, and whether they felt previous science courses fostered creativity and 

valued critical thinking. Additionally, participants were asked how they perceived their own 

attitude toward science to be influenced by their household and/or community. Reliability of 

survey items were established using expert review and a pilot study. Results from the pilot study 

indicated that there was no redundancy in question, nor were there any prompts that garnered 

unclear responses. No changes were made in the previous science experiences block for the final 

survey design. This section also contained open-ended questions which probed participants’ 

perception of attitudes toward science within their households and communities.  

The sociocultural experience section contained questions related to participants’ cultural 

and social identities as well as their experiences. For questions in this section response options 

were also expanded beyond the traditional limited choices following the guidance of Fernandez 

et al. (2016) and ORARC (2020) that was utilized in the demographics section. There is a lack of 

validated tools in which to assess sociocultural experiences among students and those that have 

been validated are study area specific (see Pishghadam et al., 2011). As this is a very nuanced 

and sensitive area of study, care was taken to formulate relatively general questions regarding 

sociocultural experience. The formulation of this section of the survey was guided by Chapter 10 

of Gipps’ Review of Research (1999) which explains how power and control can be present in 

assessments of various kinds and that care should be taken to not to impose undue harm within 

assessment development. Gipps (1999) highlighted the importance of equity within assessment 
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guided the development of questions that elicit responses which highlight interrelation aspects 

familial, social, and cultural experiences in regard to knowledge development. Additional 

questions of this section were designed based on elements described by Daneshfar and 

Moharami (2018) who pointed out the importance of interactions among social and cultural 

aspects of one’s experience in science education and Lemke (2001) who wrote on the importance 

of factors such as religion, language, and aspects of encounters of culture in everyday life. 

Caution was taken to ensure neither harm nor trauma were perpetuated in these questions. 

Multiple choice questions in this section probed the participants’ previous school experiences, 

household experiences, and community experiences. Questions that pertained to participants’ 

sociocultural experiences included in what type of community they attended school, what type of 

school they attended, and whether they were involved in extra-curricular activities before 

attending college. Questions that probed household experiences included the number of 

languages spoken within the home in which they were raised, whether they grew up in a multi-

generational household, highest level of education obtained in the household in which they were 

raised, and whether they had any household responsibilities, such as chores or caretaking before 

attending college. Community geared questions included with what religion they affiliate, the 

type of community in which they lived before attending college, and whether they and/or their 

family was involved in community activities. The open-ended questions in this section probed 

how education was viewed in their household or community, and what their personal views on 

education were. The open-ended questions in this survey, found in the science experience, the 

sociocultural, and the science literacy sections were formulated with careful consideration to 

avoid leading questions (Merriam & Tisdell, 2016). The open-ended questions were developed in 

order to gain a greater understanding of student perceptions, experiences, and attitudes in each 
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respective survey section, as well as garner insight into why participants selected certain science 

literacy responses.  

Finally, the science literacy block was developed using a condensed version of the 

TOSLS due to the limited number of validated and tested assessment tools (Gormally et al., 

2012). The TOSLS is a validated and reliable tool, is freely available, and has been widely used. 

The science literacy assessment was condensed from the original TOSLS version, which contains 

28 questions, to half of the number of questions for this study to further avoid participant fatigue. 

Further modification included the addition of open-ended questions for a richer assessment of 

students’ background and perception within science education. Question numbers as they were 

assigned on the TOSLS assessment were grouped by the categories listed in Table 2 and a 

random number generator was used to select a subset of question that was representative of those 

skill descriptions. Gormally et al. (2012) reported pre-test and post-test internal validity scores of 

0.73 and 0.75, respectively. Selected questions were then entered into Qualtrics and assessed for 

accessibility issues. Questions with accessibility issues were then replaced with another question 

from the same skill assessment category. Prior to analyzing all data, Cronbach’s alpha was 

performed on the science literacy responses in order to assess reliability of the modified TOSLS 

science literacy assessment. First, all responses were transformed based on correctness, where 

incorrect responses were coded to 0 and correct responses were coded to 1. Reliability analysis 

was run which resulted in a Cronbach’s alpha score of 0.766, therefore, the assessment was 

deemed reliable. Following verification of reliability of the science literacy assessment, data 

were analyzed for descriptive statistics as well as for relationships among variables.  

Additionally, the science literacy survey was embedded with an open-ended question that asked 
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the participant why they selected the answer that they did for questions 1, 2, 3, 4, 8, 11, 12, 13 to 

probe for justification of their responses to those questions.  

Table 2 

    
TOSLS Question Adjustment for Assessment 

    

Skill Description from TOSLS (Gormally et 

al., 2016) 

Number of 

Questions in 

TOSLS 

Number of Questions 

in this Study 

Identification of a valid scientific argument 3 2     

Evaluation of the validity of sources 5 2 

 
     

Evaluation of use and misuse of scientific 

information 
3 2 

 
   
 

Understanding elements of research design 4 1 
 
    

Making a graph 1 0 
 
    

Interpretation of graphical representations of 

data 
4 

2 

 
   
 

Problem solving using quantitative skills 3 1 
 
    

Understanding and interpreting basic statistics 3 1 
 
    

Justification of inferences, predictions, and 

conclusions based on quantitative data 
3 3 

 
   
 

Data Analysis 

Data Preparation  

Once the data were de-identified, participants’ responses were assessed for completeness. 

Responses from participants who did not consent, or who did not fully complete the survey were 

removed from the data set used for analysis. Participants’ responses were labeled Participant 1 

through Participant 41. Data from the fully completed surveys were then separated by respective 

survey block for initial evaluation. Consent responses, qualifying question responses, and survey 

duration data were removed. All multiple-choice questions resulted in nominal or ordinal data. 



 

 

73 

Nominal and ordinal data for each block were grouped together. Data from the demographics 

block, previous science experience block, and sociocultural experience block were first assessed 

manually to determine if any of the responses had not been selected. All response options per 

question were assigned a number (coded) and responses for each question were tallied. 

Following initial evaluation of this coded data, responses that had not been selected by 

any participants were removed. All responses that had been selected by at least one participant 

were then re-coded for ease of statistical analysis. For example, when asked to identify their 

ability, the original survey options were able-bodied, disabled, and prefer not to say. These 

responses were initially coded 1, 2, and 3, respectively. However, only able-bodied and prefer 

not to say were selected by participants, while the choice of disabled was not selected by anyone. 

Therefore, the response option for disabled was removed whereas able-bodied and prefer not to 

respond were recoded as 1 and 2, respectively. Where participants selected more than one 

response on questions, an additional “more than one selected” category was created, and 

responses for those given questions were also re-coded.  

Likert-scale and continuous data responses were also grouped together per respective 

blocks. Individual science literacy questions in the science literacy block were scored by hand in 

accordance with the original survey, with the identifier of 1 for a correct response, and 2 for an 

incorrect response. Science literacy assessment scores per participant were determined. The sum 

of correct responses across each science literacy assessment question was tallied and percentages 

of correctness were calculated across all responses for each question. The percentage of 

correctness for each question was then grouped under their respective overarching science 

literacy category: I) understand methods of inquiry that lead to science knowledge or II) 
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organize, analyze, and interpret quantitative data and scientific information (Gormally et al., 

2012). 

Quantitative Analysis  

All quantitative data analysis was accomplished using SPSS (version 29). First, all 

multiple-choice responses were subjected to categorical coding, that is, all multiple-choice 

response options were enumerated. For instance, in the demographics block, a question that 

asked participants what their intended major of study was had four response options: science; 

technology, engineering, or mathematics (TEM); non-science or non-TEM; have not yet chosen a 

major. These responses were then categorically coded 1, 2, 3, and 4, respectively. Once all 

multiple-choice responses were transformed into categorical codes they were imported into SPSS 

where variable labels, data type (nominal, ordinal, or scale), and coded responses were assigned. 

Descriptive statistics were performed on all quantitative data to obtain the frequencies of 

responses. Means and standard deviations were generated for Likert-scale and continuous 

response data. Histograms were generated in order to visualize Likert-scale responses in addition 

to descriptive statistics. T-tests were performed where necessary in order to assess statistical 

significance between groups.  

Once initial quantitative analysis was completed on all data from each survey block, cross 

analysis was performed in order to assess relationships across categories. For cross analysis 

purposes, demographic data including race, ethnicity, nationality, gender, sexual orientation, 

political affiliation, and ability status were grouped with sociocultural experiences, as it can be 

argued that there are social and cultural implications associated with those identity characteristics 

(Grimson, 2010; Scheepers & Ellemers, 2019). Further categorization was accomplished by 

grouping participant demographic data into those who held identifying characteristics that 
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aligned with what is commonly seen as the dominant cultural group in the United States (white, 

cis, heteronormative, an American citizen, not of Hispanic, Latino/a/x, or of Spanish origin) and 

those identifying as holding one or more identities that do not align with the dominant cultural 

group (non-dominant culture group). Categorical coding as previously described was 

accomplished on grouped identity characteristics where the dominant and non-dominant culture 

groups were coded 1 and 2, respectively . Further categorization for cross analysis included 

expanding the dominant culture group category to include those who identified as Christian, and 

those who did not identify as Christian into the category of participants who held non-dominant 

culture identities. Modified identity characteristic groups were also categorically coded as 1 and 

2, respectively, for analysis in SPSS. 

As no previous work has been published to date that focuses on previous science 

experiences and sociocultural experiences and how they relate to science literacy, it was 

important to assess all components for relationships between variables. In order to demonstrate 

relationships between previous science experiences and science literacy, previous science 

literacy experiences and sociocultural experiences, as well as sociocultural experiences and 

science literacy, bivariate correlation analysis was performed. Bivariate correlation analysis was 

selected because the results indicate the strength of a relationship between factors as well as 

indicate the confidence in the resulting strength of the given relationship. By assessing Pearson’s 

correlation r as well as p-values generated through this analysis, I was poised to answer what 

previous science experiences relate to students’ science literacy, which previous science 

experiences correspond to sociocultural experiences, and what sociocultural factors correlate to 

science literacy scores. The resulting relationships identified between previous science 

experience, sociocultural factors, and science literacy assessment scores, could give scholars 
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insight into where to probe deeper for an even richer understanding of how certain factors may 

influence science literacy.  

Bivariate correlation analysis across categories was performed in SPSS in order to 

evaluate aforementioned relationships. A prespecified α=0.05 was utilized in order to assess 

results with 95% confidence. Pearson’s r as well as p-values were recorded for each correlation 

run. Pearson’s r values were assessed using Cohen’s (1988) standards. P-values were used to 

assess confidence in Pearson’s r values. Where the p-values were greater than 0.05, the 

confidence of Pearson’s r value was carefully considered (Hahs-Vaughn & Lomax, 2020). First, 

previous science experience data were analyzed against individual science literacy scores. Next, 

previous science experience data were analyzed against sociocultural data, which included 

demographic data that were identified as having characteristics that could be associated with 

social and/or cultural factors. Then sociocultural experience data which included identity 

demographic data were analyzed against science literacy scores. Finally, previous science 

experience data and science literacy assessment scores were analyzed against dominant identity 

and non-dominant identity group data with and without religious affiliation included. To further 

support correlation analysis findings general linear regression analyses were performed. ANOVA 

significance values, R-square values, coefficient statistics along with Durbin-Watson statistics 

were recorded for linear regression analysis. 

In order to evaluate how individual science literacy questions were associated with 

science literacy skills and overarching science literacy categories, bivariate correlation analysis 

was performed on each individual science literacy assessment question against responses to 

previous science experience and sociocultural experience data. Pearson’s correlation and p-

values were recorded. P-values were used to identify statistical significance. All instances where 
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statistical significance was identified and tallied per science literacy question. Questions with the 

most statistically significant results per category (either previous science experience or 

sociocultural experience) were grouped respectively and reported. Individual science literacy 

assessment questions were then grouped by the overarching theme of what skills they were 

associated with per TOSLS: either I) Understand methods of inquiry that lead to scientific 

knowledge or II) Organize, analyze, and interpret quantitative data and scientific information. 

Patterns in relationships were then identified.  

Qualitative Analysis 

Studies that involve participants’ perception, feelings, attitudes, and understanding of a 

given topic are not well-defined. In order to gain a richer understanding of the lived experiences 

of the participants and how those experiences may have influenced their perceptions or 

understandings, qualitative aspects were necessary to include in this study. By including open-

ended questions, participants were free to respond in their own words without the need to choose 

from a preselected list of responses. Data from these questions provided a deeper understanding 

of the attitudes and perceptions of the participants. Furthermore, information gleaned from the 

qualitative portion of this study was able to be used employed in an embedded analysis method, 

as described below, to provide greater depth and breadth the findings from this study.  

All responses to open-ended questions in the previous science experience, sociocultural 

experience, and science literacy blocks were separated from multiple choice or Likert-scale style 

data. Responses to each question were organized by participant number and response and saved 

as comma-separated value (CSV) worksheets. All open-ended response data were processed for 

codes, themes, and sentiments using qualitative data analysis software NVivo (version 14). 

Reflexive thematic analysis was applied for careful data exploration and to cautiously identify 
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repeated themes within the data (Braun & Clark, 2006; Byrne, 2022; Terry & Hayfield, 2020). 

Iterative rounds of coding were performed which allowed for lengthy responses to be reduced to 

more manageable units for analysis. This also allowed for a way to clearly interpret participants’ 

responses and summarize findings as they relate to the research questions of this study. 

Furthermore, this allowed for sentiments to be extracted from more simplified coded responses 

(see Figure 1). During the first round of coding, in-vivo codes were identified to preserve the 

authenticity of participants’ responses by preserving exact words and phrases used by 

participants. The second round of coding truncated initial codes and key words and phrases from 

round one coding to further make analysis more manageable. Codes that emerged from round 

two were subjected to a final round of coding and were grouped into themes that had been 

identified through coding iterations. Sentiment analysis was also performed on all response 

codes to group responses by carefully analyzing the feelings and/or attitudes espoused in 

participant responses. Sentiment categorization ranged from very negative to very positive. 

Consistent sentiment analysis was performed across all question responses. A final assessment of 

codes, themes, and sentiments were performed for verification where final themes and 

sentiments were analyzed against the original response to ensure integrity of the findings.  
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Figure 1 

Example of Thematic and Sentiment Development 

 

Following thematic and sentiment analysis of open-ended question responses, results 

were quantified to support embedded design (Lieberman, 2005). Embedded analysis allowed for 

a nested approach that included both qualitative and quantitative data to provide a deeper 

understanding of participants’ experiences and perceptions in relation to previous science 

experiences, sociocultural experiences, and science literacy assessment results. Embedded design 

was employed by embedding open-ended questions within the survey itself. Embedded analysis 

was accomplished by quantifying qualitative response data which provided greater breadth and 

depth to the data that emerged from this study. Initial evaluation of open-ended question 

responses in the science literacy assessment section was completed by careful cross-analysis to 
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the science literacy question with which it was associated. Care was taken in the re-alignment of 

the science literacy qualitative response data with the quantitative response data to ensure the 

integrity of the embedded analysis for this portion. This method also allowed for a clearer picture 

of question-answering strategies utilized for the science literacy assessment questions.  

Furthermore, critical discourse analysis (CDA) was also performed on responses to open-

ended questions in the previous science experience, sociocultural, and science literacy blocks to 

identify instances of identity, agency, and/or power (IAP) within participants’ response. CDA 

includes critiquing discourse as it relates to social context as well identifying systems of power 

within cultural narratives that contribute to social inequalities (Mullet, 2018; Rogers, 2004). 

Guidance for critical analysis on participant responses to open-ended questions was taken from 

Reframing Sociocultural Research on Literacy (Lewis et al., 2020) which expands beyond the 

assessment of power structures as seen in CDA to include identification of instances of identity 

and agency that may be effected by such power and reminds researchers to “recognize that power 

is produced in people’s everyday lives and instantiated in institutions, systems, and 

socioeconomic structures that shape, and, at time, control people’s everyday lives” (p. 21). The 

existing codes of identity, agency, and/or power were utilized for this analysis. For the critical 

analysis portion, hand-coding was performed in order to closely evaluate participants’ responses 

for words or phrases that were associated with systems, institutions, ways of understandings, or 

influence commonly that contribute to aspects of IAP. Critical analysis findings of IAP were 

carefully compared to the questions where the instance was identified. This allowed for 

identification of areas within participants’ precious science experiences, sociocultural 

experiences, or areas of science literacy which may have been unknowingly influenced or hold 

relationship to identity, agency, and/or systems of power. 



 

 

81 

Conclusion 

 Mixed methods were utilized in this study to evaluate survey data from anonymous 

participants. Survey design was assessed for accessibility issues before distribution. The science 

literacy assessment was modified from the original TOSLS version and Cronbach’s alpha was 

performed in order to ensure reliability of the modified assessment. Descriptive statistics were 

generated for responses where appropriate. Bivariate correlation analysis was run across all 

quantitative responses and dominant versus non-dominant group identity data. Pearson’s 

coefficients were assessed using Cohen’s (1988) guidelines for strength in relationships. 

Furthermore, p-values were used to determine statistical significance and/or confidence in 

relationships among cross-analyzed items. Additionally, general regression analysis was 

performed on all quantitative data as well as grouped identity characteristics. 

 Iterative rounds of coding were performed on responses to open-ended questions to 

identify themes and sentiments within open-ended question responses. First, open coding was 

performed followed by subsequent rounds of coding, theme identification, and sentiment 

grouping. Embedded design was employed in the survey design and embedded analysis was 

performed on qualitative data from previous science experience, sociocultural experience, and 

science literacy assessment responses. Finally, critical discourse analysis was performed on 

responses to open-ended questions to identify any responses that indicated elements of identity, 

agency, and/or power. 
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Chapter 4 Results 

Introduction 

This study aimed to identify relationships between first-year college students’ previous 

science experiences, sociocultural backgrounds, and science literacy. An anonymous survey that 

collected demographic data, information about previous science experiences, sociocultural 

experiences, and that included a science literacy assessment was disseminated through Central 

University mass email system. Mixed methods were utilized to evaluate both quantitative as well 

as qualitative aspects of participants’ lived experience as reported in survey responses. 

Descriptive statistics and correlation analysis were performed on all multiple choice and Likert-

scale responses. Themes and sentiments were identified that emerged from iterative rounds of 

coding open-ended question responses. Critical discourse analysis was employed to identify 

instances of identity, agency, and power within open-ended responses. Embedded analysis was 

performed across quantitative and qualitative findings. Some demographic data, such as gender, 

sexual orientations, and political affiliation were evaluated as a part of sociocultural factors, as 

they can both describe the demographics of participant, as well as be considered social and/or 

cultural factors. Furthermore, the science literacy assessment was embedded with qualitative 

questions to garner understanding as to why a participant selected the answers that they did. The 

data analyzed were used to gain a deeper understanding of these relationships and to answer the 

following research questions: 

A. How do previous science experiences relate to students’ science literacy? 

B. What sociocultural factors correlate to students’ science literacy scores?  
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Descriptive Analysis 

Descriptive Statistics of Demographics Data 

Between Spring Semester 2023 and Fall Semester 2023 rounds of data collection, 200 

students enrolled at Central University responded to the electronic survey. Of the 200 

respondents, six did not consent, and 16 did not qualify due to not identifying as having been 

within their first year of college. Among the 178 respondents who did consent and were within 

qualifying criteria, 137 did not complete the entire survey, leaving 41 respondents who did 

complete the survey, to include the science literacy assessment, herein identified as participants 

(N=41). Mean and standard deviations for all demographic data were calculated (see Table 3). 

During the Spring Semester 2023 data collection, it was identified that the including the 

qualification that a participant be enrolled in a 1000- or 2000-level introductory science course 

disqualified more than half of the respondents which led to a very low participation rate where 

only four participants completed the survey in totality. As being enrolled in an introductory 

science course was not critical to answering the research questions of this study, the question was 

not utilized as a qualifying question in the subsequent Fall Semester 2023 round of data 

collection. Within the pool of participants, 36 participants indicated they were enrolled in a 1000-

level or 2000-level introductory science course at Central University during Fall Semester 2022, 

Spring Semester 2023, or Fall Semester 2023. Participants self-reported the introductory science 

course or courses in which they were enrolled with the majority reporting to have been enrolled 

in a biology course (63.4%) (see Table 4).  
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Table 3 

Means and Standard Deviations for All Demographic Data 

Demographic 

Coded 

Variable M SD 

Enrolled in Science Course    

   Yes 1   

   No 2 1.1   0.33 

Intended Major    

Science 1   

TEM 2   

Non-Science/non-TEM 3   

Undecided 4 1.8 0.94 

Race    

   Native American/Alaskan Native 1   

   Asian 2   

   Black 3   

   White 4   

   More than one 5 3.8   0.93 

Ethnicity    
   No, not of Hispanic, Latino/a/x, or of Spanish 

origin 1   

   Yes, Mexican American, Chicano/a/x 2   
   Yes, Another Hispanic, Latino/a/x, or Spanish 

origin 3   

   Some other race, ethnicity, or origin 4 1.5  1.02 

Nationality    

   American/US Citizen 1   

   European 2   

   Serbian 3   

   Asian 4   

   Canadian 5   

   Unknown 6   

 More than one 7 2.0   1.94 
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Demographic 

Coded 

Variable M SD 

Gender    

   Male 1   

   Female 2   

   Nonbinary/Third gender 3   

   Transgender 4   

   Prefer to self-describe 5   

   Prefer not to say 6 1.9 1.05 

Sexual Orientation    

   Straight/Heterosexual 1   

   Bisexual 2   

   Asexual 3   

   Gay/Lesbian 4   

   Pansexual 5 1.5  1.03 

Political Affiliation    

   Not political 1   

   Democrat 2   

   Republican 3   

   Independent 4   

   Prefer to self-describe 5   

   Prefer not to say 6 2.9 1.63 

Ability    

   Able-bodied 1   

   Prefer not to say 2 1.1  0.31 

Note. N = 41. 
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Table 4 

Participant Introductory Science Course Enrollment by Subject 

Introductory Science Course Number of Participants Enrolled 

  Frequency % 

Biology 26 63.4 

Chemistry 5 12.2 

Physics 1 2.4 

Astronomy 1 2.4 

Geology 1 2.4 

Physical Geography 1 2.4 

Psychologya 9 22.0 

Sociologya 1 2.4 

None 5 12.2 

Note. N = 41. Some participants self-reported enrollments in more than one introductory science 

course. 

aSocial science courses. 

In addition to enrollment in science courses, participants reported their intended majors, with 

more than half of participants reporting an intended major in science (53.7%) or technology, 

engineering, or math (17.1%) (TEM) (see Table 5). 
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Table 5 

Intended Majors of Participants 

Intended Major Number of Participants 

  Frequency % 

Science 22 53.7 

TEM 7 17.1 

Non-Science/non-TEM 11 26.8 

Undecided 1 2.4 

Note. N = 41. 

Demographic data were collected related to identity to include race, ethnicity, nationality, 

gender, sexual orientation, and political affiliation. As demographic data of this nature can be 

considered associated with social and/or cultural aspects of a person’s life, this data was also 

used in correlation analysis and assessed as sociocultural factors (Grimson, 2010; Scheepers & 

Ellemers, 2019). The majority of participants identified as white (73.2%), not being of Hispanic, 

Latino/a/x, or of Spanish origin (85.4%), and identified as having American nationality (75.6%). 

Several participants identified as holding more than one race (12.2%), and one participant 

identified as holding more than one nationality (2.4%). More than half of participants identified 

as female (53.7%) as well as straight or heterosexual (75.6%). There were more participants that 

reported to be apolitical (26.8%) than any other political category, however, there was a similar 

distribution of those who reported to be Democrat (19.5%), Republican (17.1%), or Independent 

(17.1%). All participants except for one identified as able-bodied (97.6%), where one participant 

who did not identify as able-bodied preferred not to state their ability status (see Table 6).  
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Table 6 

Identity Demographics of Participants 

Identity Demographics Number of Participants 

  Frequency % 

Race   

   Native American/Alaskan Native 2 4.9 

   Asian 3 7.3 

   Black 1 2.4 

   White 30 73.2 

   More than one 5 12.2 

Ethnicity   
   No, not of Hispanic, Latino/a/x, or of Spanish 

origin 35 85.4 

   Yes, Mexican American, Chicano/a/x 1 2.4 

   Yes, Another Hispanic, Latino/a/x, or Spanish 

origin 2 4.9 

   Some other race, ethnicity, or origin 3 7.3 

Nationality   

   American/US Citizen 31 75.6 

   European 1 2.4 

   Serbian 1 2.4 

   Asian 1 2.4 

   Canadian 1 2.4 

   Unknown 5 12.2 

 More than one 1 2.4 

Gender   

   Male 15 36.6 

   Female 22 53.7 

   Nonbinary/Third gender 1 2.4 

   Transgender 1 2.4 

   Prefer to self-describe 1 2.4 

   Prefer not to say 1 

 

2.4  
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Identity Demographics Number of Participants 

  Frequency % 

   Straight/Heterosexual 31 75.6 

   Bisexual 6 14.6 

   Asexual 1 2.4 

   Gay/Lesbian 1 2.4 

   Pansexual 2 4.9 

Political Affiliation   

   Not political 11 26.8 

   Democrat 8 19.5 

   Republican 7 17.1 

   Independent 7 17.1 

   Prefer to self-describe 5 12.2 

   Prefer not to say 3 7.3 

Ability   

   Able-bodied 40 97.6 

   Prefer not to say 1 2.4 

Note. N = 41. 

Descriptive Statistics of Previous Science Experiences 

 Previous science experience data showed varied histories and differences among the 

attitudes, perceptions, and experiences of participants. Mean and standard deviations for all 

previous science experience multiple choice data were calculated (see Table 7).  
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Table 7 

Means and Standard Deviations for Previous Science Experience Multiple Choice Data 

Previous Science Experience Coded Variable M SD 

A science person    

   Yes 1   

   No 2   

   Do not know 3 1.4 0.67 

Number of high school science courses    

   1-2 1   

   3-4 2   

   5-6 3   

   7 or more 4 2.5 0.67 

An active participant    

   Yes, rarely 1   

   Yes, occasionally 2   

   Yes, frequently 3 2.3 0.55 

Fostered creativity    

   Yes 1   

   No 2   

   Do not know 3 1.6 0.74 

Valued critical thinking    

   Yes 1   

   No 2   

   Do not know 3 1.4 0.63 

Had a negative experience    

   Yes 1   

   No 2   

   Do not know 3 1.7  0.56 

Note. N = 41. 

When asked if they considered themselves a science person, more than half of 

participants responded yes (68.3%). Participants who responded as considering themselves a 

science person more often had taken a greater amount of science courses during their high school 

years, while the more than half of respondents reported that they took three to four science 
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courses during high school (56.1%). The amount in which they reported that they actively 

participated in previous science courses varied with the highest amount stating that they were 

occasionally an active participant in science courses (63.4%) followed by those who reported 

that they were frequently active in science courses (31.7%). Most respondents who identified as 

not knowing whether they were science people or tended to not have taken three to four science 

courses during high school. Interestingly, those who responded as being active participants in 

previous science courses did not exclusively identify as being a science person (see Table 8). 

Table 8 

Science Identity, Number of High School Science Courses, and Science Course Participation 

Science History Number of Participants 

  Frequency % 

A science person   

   Yes 28 68.3 

   No 9 22.0 

   Do not know 4 9.8 

Number of high school science 

courses   

   1-2 1 2.4 

   3-4 23 56.1 

   5-6 14 34.1 

   7 or more 3 7.3 

An active participant   

   Yes, rarely 2 4.9 

   Yes, occasionally 26 63.4 

   Yes, frequently 13 31.7 

Note. N = 41. 

I asked participants to rank their overall previous science experiences as well as to rank 

how engaging they found their previous science experiences in elementary, middle, and high 
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school using a scale from 0-10, 0 corresponding to a poor experience or not at all engaging and 

10 being excellent experience or very engaging, respectively. High school experiences resulted in 

the highest means for both science experience (M = 7.61) and engagement (M = 7.63) (see 

Figures 2 and 3). 

Figure 2 

Average Overall Ranking of Participants’ Previous Science Experiences 

 

Note. Mean scores of overall science experience in elementary, middle, and high school. Six 

participants did not respond to elementary school science experience.  
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Figure 3 

Average Ranking of How Engaging Participants’ Found Previous Science Experiences 

 

Note. Mean scores of how engaging previous science courses were in high school, middle 

school, and elementary school. Five participants did not respond to elementary school science 

experience. 

 Creativity and critical thinking were both identified in participants’ previous science 

experiences. When asked if creativity was fostered in previous science courses, more than half of 

participants responded yes (53.7%). Similarly, over half of participants answered that they felt 

that critical thinking was valued in their previous science experiences (65.9%), which resulted in 

more participants that associated critical thinking rather than creativity with previous science 

courses (see Table 9). Additionally, when asked if they had ever had a negative experience while 

discussing scientific topics either in school or outside of school, 14 participants responded that 

they had a negative experience (34.1%), 25 participants responded that they had not had a 
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negative experience (61.0%), while two did not know whether they had ever had a negative 

experience discussing scientific topics (4.9%). 

Table 9 

Creativity and Critical Thinking in Previous Science Experiences 

Science Environments Number of Participants 

  Frequency % 

Fostered Creativity   

   Yes 22 53.7 

   No 13 31.7 

   Do not know 6 14.6 

Valued Critical Thinking   

   Yes 27 65.9 

   No 11 26.8 

   Do not know 3 7.3 

Note. N = 41. 

Finally, when participants were asked on a scale of 0 to 100, 0 being no influence at all 

and 100 being very influential, to what extent did they perceive that their household’s or 

community’s attitudes toward science influence their own attitude toward science, fewer 

participants perceived that their attitude toward science had been influenced by their household 

or community (M = 47.78 +/- 35.5). When little to no influence (0% - 25%) and marginal to little 

influence (25% - 50%) were combined, over half of participants reported that their family and/or 

community had little to marginal influence on their attitude toward science (34.1%; 26.8%), 

respectively (see Figure 4).   
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Figure 4 

Influence of Household and/or Community’s Attitude Toward Science  

 

Note. The extent to which participants’ perceived their own attitudes toward science was 

influenced by their household’s or community’s attitude toward science. One participant did not 

respond to the extent to which they felt their attitude toward science had been influenced. 

Descriptive Statistics of Sociocultural Experiences 

 Participants were asked to report on a wide variety of social and cultural experiences 

including religious affiliation, aspects of household and community environments in which they 

were raised, as well as in regard to their school experiences. Mean and standard deviations for all 

sociocultural experience multiple choice data were calculated (see Table 10). The majority of 

respondents identified as Christian (51.2%), with the second highest response to religious 

affiliation being Atheist (22.0%) (see Table 11). 
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Table 10 

Means and Standard Deviations for Sociocultural Experience Multiple Choice Data 

Sociocultural Experience 

Coded 

Variable M SD 

Religious Affiliation    

   Christian 1   

   Hindu 2   

   Buddhist 3   

   Atheist 4   

   A Religion Not Listed 5   

   Prefer to Self-Describe 6   

   Prefer Not to Say 7   

   More than one 8 3.0 2.47 

Number of Languages Spoken    

   One 1   

   Two 2   

   Three or more 3 1.3 0.60 

Multigenerational household    

   Yes 1   

   No 2   

   Don't know 3 2.0 0.44 

Type of community raised in    

   Rural 1   

   Suburban 2   

   City 3   

   More than one 4 2.0 0.99 

Highest level of education    

   Middle school 1   

   High school 2   

   Some college 3   

   Bachelor's degree 4   

   Graduate/Professional degree 5   

   Don't know 6 4.0 1.18 
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Sociocultural Experience 

Coded 

Variable M SD 

Community involvement    

   No 1   

   Yes, just the participant 2   

   Yes, just the family 3   

   Yes, participant and family 4 3.2 1.19 

Type of school community    

   Rural 1   

   Suburban 2   

   City 3   

   More than one 4 1.8 0.58 

Type of school    

   Traditional public 1   

   Private 2   

   More than one 3 1.2 0.58 

Extra-curricular activities    

   No 1   

   Yes, a few 2   

   Yes, a lot 3   

   Prefer not to say 4 2.5 0.64 

Household responsibilities    

   Yes, household chores 1   

   Yes, caretaking 2   

   Yes, other responsibilities 3   

   None 5   

   More than one 6 2.4 1.86 

Note. N = 41. 
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Table 11 

Religious Affiliation of Participants 

Religious Affiliation Number of Participants 

  Frequency % 

Christian 21 51.2 

Hindu 1 2.4 

Buddhist 1 2.4 

Atheist 9 22.0 

A Religion Not Listed 2 4.9 

Prefer to Self-Describe 1 2.4 

Prefer Not to Say 2 4.9 

More than One Listed 4 9.8 

Note. N = 41. 

 I asked participants to identify aspects of the household environments in which they grew 

up or were raised. These aspects included the number of languages that were spoken within the 

household, whether the participants were raised in a multigenerational household, the highest 

level of education within the household, and what kind of household responsibilities they had 

while growing up. The majority of participants lived in households where only one language was 

spoken (78.0%), followed by households where two language was spoken (14.6%). Only a few 

participants were raised in a multigenerational household (12.2%) whereas most participants 

were not (80.5%). The highest education level reported within a household ranged from middle 

school to graduate or professional degrees, in which an equal number of participants reported 

that the highest level of education was either a bachelor’s degree (34.1%) or a 

graduate/professional degree (34.1%). When asked if they had household responsibilities 

growing up, which included household chores, caretaking, or responsibilities other than chores or 
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caretaking, most participants reported that they had household chores (58.5%) followed by those 

that reported that they had more than one household responsibility (31.7%) (see Table 12). 

Table 12 

Aspects of Households in Which Participants Were Raised 

Household Environment Number of Participants 

  Frequency % 

Number of Languages Spoken   

   One 32 78.0 

   Two 6 14.6 

   Three or more 3 7.3 

Multigenerational Household   

   Yes 5 12.2 

   No 33 80.5 

   Don't know 3 7.3 

Highest Level of Education   

   Middle school 1 2.4 

   High school 5 12.2 

   Some college 5 12.2 

   Bachelor's degree 14 34.1 

   Graduate/Professional degree 14 34.1 

   Don't know 2 4.9 

Household Responsibilities   

   Yes, household chores 24 58.5 

   Yes, caretaking 2 4.9 

   Yes, other responsibilities 1 2.4 

   None 1 2.4 

   More than one 13 31.7 

Note. N = 41. 

 Questions that regarded aspects of the community environments in which participants 

lived were limited to the types of communities in which participants lived and whether they 

and/or their families were involved in community activities. The highest percentage of 
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participants were raised in suburban communities (53.7%) followed by rural communities 

(29.3%). The majority of participants responded that both they and their families were actively 

involved in their community (65.9%) (see Table 13). 

Table 13 

Aspects of Communities Where Participants Grew Up 

Community Aspects Number of Participants 

  Frequency % 

Type of Community   

   Rural 12 29.3 

   Suburban 22 53.7 

   City 2 4.9 

   More than one 5 12.2 

Community Involvement   

   No 6 14.6 

   Yes, just the participant 7 17.1 

   Yes, just the family 1 2.4 

   Yes, participant and family 27 65.9 

Note. N = 41. 

 Finally, participants were asked about aspects of their school experiences. This included 

what type of community in which the school(s) they attended were located, what type of 

school(s) they attended, and whether or not they were involved in extra-curricular activities. 

More than half of participants reported that the school that they attended was located in suburban 

areas (56.1%) followed by rural areas (24.4%). The majority of students attended traditional 

public schools (82.9%). Most students reported being involved in a lot of extra-curricular 

activities (53.7%), followed by a few extra-curricular activities (39.0%) (see Table 14). 
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Table 14 

Aspects of Participants’ School Experiences 

School Aspects Number of Participants 

  Frequency % 

Type of Community   

   Rural 10 24.4 

   Suburban 23 56.1 

   City 3 7.3 

   More than one 5 12.2 

Type of School   

   Traditional public 34 82.9 

   Private 4 9.8 

   More than one 3 7.3 

Extra-curricular activities   

   No 2 4.9 

   Yes, a few 16 39.0 

   Yes, a lot 22 53.7 

   Prefer not to say 1 2.4 

Note. N = 41. 

Descriptive Statistics of Science Literacy Assessment Results 

 Science literacy assessments were individually scored and then averaged which resulted 

in a mean science literacy score of 9.5 out of 14 with a standard deviation of +/- 3.22 points. 

Individual questions were also scored to identify strengths and weaknesses in overarching 

science literacy skills of science literacy assessment by frequency (see Table 15). 
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Table 15 

Percentages of Correct Responses of Science Literacy Assessment Questions 

Overarching Science Literacy 

Category from TOSLS (Gormally 

et al., 2012) Question % Score 

Science Literacy Skill Description 

from TOSLS (Gormally et al., 

2012) 

Understand methods of inquiry 

that lead to scientific knowledge 1 82.93 

Identification of a valid scientific 

argument 

 2 58.54 

Evaluation of the validity of 

sources 

 3 92.68 

Evaluation of the use and misuse 

of scientific information 

 4 48.78 

Understanding the elements of 

research design 

 8 70.73 

Identification of a valid scientific 

argument 

 11 56.10 

Evaluation of the validity of 

sources 

  12 68.29 

Evaluation of the use and misuse 

of scientific information 

Organize, analyze, and interpret 

quantitative data and scientific 

information 5 73.17 

Interpretation of graphical 

representations of data 

 6 85.37 

Problem solving using 

quantitative skills 

 7 51.22 

Understanding and interpretation 

of basic statistics 

 9 43.90 

Justification of inferences, 

predictions, and conclusions 

based on quantitative data 

 10 58.54 

Interpretation of graphical 

representations of data 

 13 80.49 

Justification of inferences, 

predictions, and conclusions 

based on quantitative data 

  14 51.22 

Justification of inferences, 

predictions, and conclusions 

based on quantitative data 
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The science literacy category that had the highest percentage of correct responses was 

participants’ ability to understand methods of inquiry that lead to scientific knowledge, however, 

a t-test resulted in a p-value of 0.58 which is greater than prespecified α = 0.05. 

Correlation Analysis 

 Data collection with expanded response options presented limitations to statistical 

analysis in that by providing a larger number of options, it decreased potential grouping of data 

to ensure appropriate variance for certain statistical analyses, such as ANOVA. Additionally, the 

limited number of participants contributed to a few instances where only a single participant 

selected a given response option. Correlation analyses were utilized to lay the foundation for 

relationships that may impact science literacy. As the first study of its kind, care was taken not to 

group variables together for the sake of generating a mean, and therefore compromising the 

nuance of data acquired. The statistical output of correlation analysis between variables where 

only one participant selected a given response (e.g., race) should be interpreted with caution as 

specific outputs may not reveal the complete impact of the relationship between variables.  

Relationships Between Science Literacy and Previous Science Experiences 

 Bivariate correlation analysis identified relationships between science literacy assessment 

scores and previous science experiences as well as confidence in the resulting strengths of 

relationships (see Table 16). Confidence Intervals for 95% confidence were calculated where 

applicable. Only one area was identified to have a Pearson’s r of 0.3 or greater with a p-value 

less than 0.05. Analysis between aspects science literacy assessment scores and previous science 

experiences that fostered creativity resulted in a Pearson’s r score of 0.4 with a p-value of 0.02.  
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Correlation analysis was run on each science literacy question along with previous 

science literacy experience responses identified relationships between categories. Analysis of 

relationships among respective categories showed relationships with previous science experience 

and science literacy assessment questions one, three, eight, and 12 with a Pearson’s r above 0.2. 

Regression analysis was also performed on previous science experience versus science literacy 

assessment scores. Only one aspect resulted in an ANOVA significance of <0.05 (Table 17). 

Table 16 

Relationships Between Science Literacy Assessment Scores and Previous Science Experiences 

Previous Science Experiences 

Pearson's Correlation 

(r) 95% CI 

p-

value 

   LL UL  

A science person 0.1 -0.210 0.399 0.51 

Number of science courses 0.1 -0.236 0.376 0.63 

An active participant 0.2 -0.103 0.489 0.18 

Previous high school experience -0.1 -0.388 0.227 0.58 

Previous middle school experience 0.0 -0.294 0.322 0.92 

Previous elementary school 

experience 0.0 -0.360 0.306 0.86 

Engaging high school experience 0.0 -0.302 0.313 0.97 

Engaging middle school experience 0.0 -0.330 0.285 0.88 

Engaging elementary school 

experience 0.1 -0.280 0.375 0.76 

Fostered creativity 0.4 0.061 0.603 0.02* 

Valued critical thinking 0.1 -0.262 0.352 0.75 

Previous negative experience 0.0 -0.282 0.333 0.86 

Attitude toward science influenced -0.2 -0.327 0.296 0.92 

Note. Pearson’s correlation (r) values are reported as absolute values. 

*Indicates statistical significance.  
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Table 17 

Regression Analysis of Science Literacy Assessment Scores and Previous Science Experiences 

Previous Science Experience 

ANOVA 

(sig.) 

R-

square 

Standardized 

β 

Durbin-

Watson 

A science person 0.51 0.01 0.106 1.8 

Number of high school science 

courses 0.63 0.01 0.078 1.8 

An active participant 0.18 0.05 0.214 1.8 

Overall high school experience 0.58 0.01 -0.088 1.9 

Overall middle school experience 0.92 0.00 0.016 1.8 

Overall elementary school 

experience 0.86 0.00 -0.030 1.5 

Engaging high school science 0.97 0.00 0.006 1.8 

Engaging middle school science 0.88 0.00 -0.025 1.8 

Engaging elementary school science 0.76 0.00 0.054 1.5 

Fostered creativity 0.02 0.13 0.366 2.1 

Valued critical thinking 0.75 0.00 0.050 1.8 

Had a negative experience 0.86 0.00 0.029 1.8 

Influence 0.92 0.00 -0.017 1.9 

Note. All collinearity and VIF values = 1.0. 

Relationships Between Science Literacy and Sociocultural Experiences 

Bivariate correlation analysis identified relationships between science literacy assessment 

scores and sociocultural experiences as well as confidence in the resulting strengths of 

relationships (see Table 18). There were six areas identified to have a Pearson’s r of 0.3 or 

greater. These areas were gender, sexual orientation, ability, religious affiliation, the type of 

schools the participants attended, and participants’ involvement in extra-curricular activities.  
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Table 18 

Relationships Between Science Literacy Assessment Scores and Sociocultural Experiences 

Sociocultural Aspects 

Pearson's Correlation 

(r) 95% CI 

p-

value 

   LL UL  
Identity         

   Race 0.1 -0.204 0.404 0.49 

   Ethnicity -0.2 -0.443 0.159 0.32 

   Nationality -0.2 -0.490 0.100 0.17 

   Gender 0.3 -0.066 0.515 0.12 

   Sexual orientation 0.3 -0.003 0.560 0.05* 

   Ability -0.4 -0.632 -0.108 0.01* 

   Political identification 0.1 -0.239 0.373 0.64 

   Religious affiliation 0.3 0.021 0.577 0.04* 

Household     
   Number of languages spoken 0.0 -0.308 0.307 1.00 

   Multigenerational household 0.0 -0.349 0.265 0.77 

   Highest household education -0.2 -0.490 0.100 0.17 

   Household responsibilities 0.0 -0.319 0.296 0.94 

Community     
   Type of community raised in 0.1 -0.174 0.430 0.37 

   Community involvement 0.2 -0.496 0.092 0.16 

School     
   Type of community attended school 0.1 -0.250 0.363 0.70 

   Type of school(s) 0.3 -0.015 0.552 0.06 

   Extra-curricular activity 

involvement -0.3 -0.518 0.062 0.11 

Note. Pearson’s correlation (r) values are reported as absolute values. 

*Indicates statistical significance. 

Regression analysis was also performed on sociocultural experiences versus science 

literacy assessment scores. Results indicated two aspects resulted in an ANOVA significance of  

< 0.05 (Table 19). 
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Table 19 

Regression Analysis of Science Literacy Assessment Scores and Sociocultural Experiences 

Sociocultural Experience 

ANOVA 

(sig.) 

R-

square 

Standardized 

β 

Durbin-

Watson 

Race 0.49 0.13 0.112 1.8 

Ethnicity 0.32 0.03 -0.158 1.9 

Nationality 0.17 0.05 -0.217 1.9 

Gender 0.12 0.06 0.250 1.9 

Sexual Orientation 0.05 0.10 0.308 1.8 

Political identification 0.64 0.01 0.075 1.8 

Ability 0.08 0.17 -0.407 1.8 

Religious affiliation 0.04 0.11 0.331 1.8 

Number of languages spoken 1.00 0.00 -0.001 1.8 

Multigenerational household 0.77 0.00 -0.046 1.8 

Type of community raised in 0.37 0.02 0.143 1.9 

Highest level of education 0.17 0.05 -0.217 1.8 

Community involvement 0.16 0.05 -0.225 1.7 

Type of school community 0.70 0.00 0.063 1.8 

Type school 0.06 0.09 0.298 1.8 

Extra-curricular activities 0.11 0.06 -0.254 2.0 

Household responsibilities 0.94 0.00 -0.013 1.8 

Note. All collinearity and VIF values = 1.0. 

Correlation analysis was run on each science literacy question along with sociocultural 

experience responses and identified relationships between categories. Analysis of relationships 

among respective categories identified that there were relationships with sociocultural 

experiences and science literacy assessment questions two, four, five, seven, nine, 10, 11 and 14 

with a Pearson’s r above 0.2. 

Bivariate analysis performed when identity characteristics were grouped together as 

either dominant identity characteristics, which were white, cis, heterosexual, or having 

characteristics other than white, cis, heterosexual, or non-dominant identity characteristics as it 
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related to previous science experience as well as science literacy scores. A modification to 

dominant identity characteristic was made to include Christian as an identifier within the 

dominant identity characteristics group. There were slight differences identified in resulting 

Pearson’s r values for grouped identity versus previous science experience analysis with or 

without Christian as an identifier (see Table 20). Identity grouping that excluded Christian as a 

parameter versus science literacy score analysis resulted in a Pearson’s r of .01 with a p-value of 

0.44 and 95% CI lower limit of -0.193 and an upper limit of 0.414. When the identity 

characteristic grouping was modified to include Christian as a status quo characteristic identifier, 

bivariate correlation analysis resulted in a Pearson’s r of 0.4 with a p-value of 0.02 and 95% CI 

lower limit of -0.056 and an upper limit of 0.599. Regression analysis was also performed on 

dominant identity characteristics with and without religious affiliation versus science literacy 

assessment scores (Table 21). 
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Table 20 

Relationships Between Grouped Identity Characteristics and Previous Science Experience 

Previous Science Experiences Identity Group without Religion Identity Group with Religion 

 

Pearson's 

Correlation (r) 95% CI 

p-

value 

Pearson's 

Correlation (r) 95% CI 

p-

value 

    LL UL     LL UL   

A science person 0.1 -0.370 0.243 0.66 0.0 -0.265 0.349 0.77 

Number of science courses 0.0 -0.316 0.300 0.96 0.2 -0.144 0.455 0.28 

An active participant 0.1 -0.174 0.430 0.37 0.1 -0.219 0.392 0.55 

Previous high school experience 0.2 -0.082 0.504 0.14 0.1 -0.170 0.433 0.36 

Previous middle school 

experience 0.1 -0.204 0.404 0.49 0.1 -0.184 0.422 0.41 

Previous elementary school 

experience 0.1 -0.390 0.274 0.71 0.0 -0.301 0.364 0.84 

Engaging high school experience 0.2 -0.132 0.464 0.25 0.0 -0.284 0.331 0.87 

Engaging middle school 

experience 0.0 -0.331 0.284 0.87 0.0 -0.314 0.301 0.96 

Engaging elementary school 

experience 0.1 -0.407 0.245 0.59 0.0 -0.311 0.345 0.91 

Fostered creativity 0.0 -0.346 0.269 0.79 0.1 -0.259 0.355 0.74 

Valued critical thinking 0.0 -0.304 0.311 0.98 0.1 -0.179 0.426 0.39 

Previous negative experience 0.1 -0.384 0.227 0.59 0.0 -0.327 0.288 0.89 

Attitude toward science 

influenced 0.0 -0.336 0.287 0.87 0.1 -0.224 0.394 0.56 

 Note. Pearson’s correlation (r) values are reported as absolute values. 
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Table 21 

Regression Analysis of Science Literacy Assessment Scores and Grouped Identity Characteristics 

Grouped Identity Characteristics 

ANOVA 

(sig.) 

R-

square 

Standardized 

β 

Durbin-

Watson 

Dominant 0.44 0.02 0.123 1.9 

Dominant with Religion 0.02* 0.13 0.362 1.9 

Note. All collinearity and VIF values = 1.0. 

*Indicates statistical significance. 

Qualitative Analysis 

 Within the administered survey, there were embedded open-ended questions in the 

previous science experience, sociocultural, and science literacy blocks. For all open-ended 

questions, responses were analyzed in NVivo. Reflexive thematic analysis was performed to 

identify emerging themes. Sentiment analysis was performed on identified themes. Emerging 

themes and sentiments that resulted from this analysis are reported below. 

Emergent Themes and Sentiments from Previous Science Experiences 

 In the previous science experiences block of the survey, two open-ended questions were 

included. The questions asked participants, based on  their experience, what the attitudes toward 

science were in their household and community. Only one participant did not respond to the 

open-ended questions in this block (N = 40).  
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Question 1: In your experience, what was the attitude toward science in your household?  

 There were three themes that emerged from question one. These themes were identified 

as 1) supportive, 2) unsupportive, and 3) neither supportive nor unsupportive. Examples of coded 

responses that were identified to fit under the theme supportive for household attitudes toward 

science were “very supported”, “encouraging”, and “positive, talked about frequently”. 

Examples of responses categorized under the theme of unsupportive for household attitudes 

toward science were “slightly negative” and “lots of pseudoscience and incorrect science”. 

Neutral or indifferent responses, for instance, were reported as “indifferent” or “there was no 

attitude towards science. It was just a topic”. The majority of participants responses were 

associated with the supportive theme (n = 24), with the fewest responses associated with 

unsupportive (n = 3) (see Table 22). 

Table 22 

Emergent Themes from Household Attitudes Toward Science 

Emergent Theme Number of Participants 

  Frequency % 

Supportive 24 60.0 

Neither supportive nor unsupportive 13 32.5 

Unsupportive 3 7.5 

Note. N = 40. 

 Sentiment analysis resulted in five sentiments related to question one. Those sentiments 

were negative, slightly negative, neutral, slightly positive, and positive. Responses which 

included degree adverbs in context to a positive or negative sentiment were categorized with the 

extreme ends of the sentiment scale as appropriate. One participant responded with “lots of 
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pseudoscience and incorrect science” and another reported that “my family was full of religious 

nuts who believe science is a hoax made up by liberals”. Both of those responses were 

categorized as very negative sentiments. Responses that included words such as “indifferent”, or 

phrases such as “no attitude towards science” were included under the neutral sentiment group. 

The majority of responses fit within neutral to very positive sentiment groups, where positive 

sentiment group resulted in the highest number of responses (n = 18) (see Table 23). 

Table 23 

Sentiments of Household Attitudes Toward Science 

Sentiments Number of Participants 

  Frequency % 

Very negative 2 5.0 

Negative 1 2.5 

Neutral 11 27.5 

Positive 18 45.0 

Very positive 8 20.0 

Note. N = 40. 

Question 2: In your experience, what was the attitude toward science in your community? 

There were five themes that emerged from question two. These themes were identified as 

1) untrusted, 2) favored, 3) unfavored, 4) mixed, and 5) indifferent. Examples of coded responses 

that were identified to fit under the theme untrusted were “limited and untrusted” as well as 

“somewhat skeptical”. Favored responses included “science is big in my community, especially 

agricultural science” and “it is generally accepted in my community although not often 

discussed”, while unfavored responses included such as “a little unnecessary but it was just part 

of school”. Responses that were categorized under the theme of mixed for community attitudes 
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toward science were “a mixture of pro scientific and pseudoscientific people” and “pretty decent 

except for during the 2 years I spent in Christian school, there they actively denied it. 

Everywhere else it was pretty good.”. While indifferent responses, for instance, were reported as 

“not necessarily prominent but not rebuked either” or “there is no attitude towards science in my 

community. It was just a topic/course”. The majority of participants’ responses were associated 

with the favored theme (n = 19), with the fewest responses associated with the themes mixed (n 

= 4) and untrusted (n = 2) (see Table 24). 

Table 24 

Emergent Themes from Community Attitudes Toward Science 

Emergent Themes Number of Participants 

  Frequency % 

Untrusted 2 5.0 

Favored 19 47.5 

Unfavored 6 15.0 

Indifferent 9 22.5 

Mixed 4 10.0 

Note. N = 40. 

Similar to responses to the question of household attitudes toward science, community 

attitudes toward science resulted in five sentiments. Those sentiments were negative, slightly 

negative, neutral, slightly positive, and positive. As above, any response which included degree 

adverbs in context to a positive or negative were categorized with the extreme ends of the 

sentiment scale as appropriate. One participant responded with “Limited and untrusted” which 

was categorized as a very negative sentiment. Responses that included words such as “neutral”, 

or phrases such as “not very talked about” were included under the neutral sentiment group. The 
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majority of responses were identified to fit within the positive sentiment groups (n = 15), 

followed by neutral (n = 10), then negative (n = 7), (see Table 25). 

Table 25 

Sentiments of Community Attitudes Toward Science 

Sentiments Number of Participants 

  Frequency % 

Very negative 2 5.0 

Negative 7 17.5 

Neutral 10 25.0 

Positive 15 37.5 

Very positive 6 15.0 

Note. N = 40. 

Emergent Themes and Sentiments from Sociocultural Experiences 

Within the sociocultural experiences block of the survey, two open-ended questions were 

included. The questions asked participants how education was viewed in their household and/or 

community as well as what their views were on education. All 41 participants responded to both 

open-ended questions in this block (N = 41).  

Question 1: How was education viewed in your household and/or community?  

 There were five themes that emerged from question one. These themes were identified as 

1) important, 2) respected or valued, 3) competitive, 4) indoctrination, and 5) mixed. The theme 

important was further sub-categorized into two sub-themes 1a) generally important and 1b) 

important for opportunity or success. Responses that were identified to fit under the theme 

important included words such as “positive” or “important”.  Responses that specifically 
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identified importance for success or opportunity, such as “it’s a gateway to a better career”, or 

“very important to pursue in order to gain better opportunities for oneself” were grouped in sub-

theme 1b. All other responses identified to fit under the theme important were grouped in sub-

theme 1a. Responses that specifically mentioned “respected” or “valued” were grouped under 

that respective theme. One participant responded that their household and/or community viewed 

education as “competitive” which warranted its own theme. Indoctrination was mentioned in two 

participants’ responses. The response that was identified under the theme indoctrination 

indicated, “my family believes schools indoctrinate kids into being gay/liberal/etc.”, however, 

the other response that mentioned indoctrination read “an opportunity or indoctrination, 

depending on the topic” so that particular response was grouped with the theme mixed, along 

with the response “self led [sic] education was favored in my household. My community 

preferred Bible study”. The majority of participants reported that their household and/or 

community viewed education as important (n = 33) (see Table 26).  
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Table 26 

Emergent Themes from Household and/or Community Views on Education 

Emergent Themes Number of Participants 

  Frequency % 

Important 33 80.5 

   Generally important 29 70.7 

   Important for opportunity or success 4 9.8 

Respected or valued 2 4.9 

Competitive 1 2.4 

Indoctrination 1 2.4 

Mixed 4 9.8 

Note. N = 41. Frequencies of the two subcategories of the theme important sum to the overall 

theme important frequency. 

Sentiment analysis resulted in five sentiments related to question one. Those sentiments 

were very positive, positive, neutral, slightly negative, and negative. Responses which included 

degree adverbs in context to a positive sentiment were categorized with the extreme end of the 

sentiment scale as appropriate. Responses that included the word “important” or “respect” as 

well as participants’ responses such as “it’s a gateway to a better career” and very pro education” 

were grouped under positive sentiment. Responses such as “Education was seem [sic] as 

advancement, but not required” and “self led [sic] education was favored in my household. My 

community preferred Bible study” were classified as neutral sentiments. One participant 

responded with “An opportunity or indoctrination, depending on the topic” and another reported 

that “my family believes schools indoctrinate kids into being gay/liberal/etc.”. Both of those 

responses were categorized as very negative sentiments whereas the former was classified as 

slightly negative and the latter as very negative. Most responses fit within positive to very 
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positive sentiment groups, where the positive sentiment group resulted in the highest number of 

responses (n = 21) (see Table 27). 

Table 27 

Sentiments of Household and/or Community Views of Education 

Sentiments Number of Participants 

  Frequency % 

Very positive 14 34.1 

Positive 21 51.2 

Neutral 4 9.8 

Slightly negative 1 2.4 

Very negative 1 2.4 

Note. N = 41. 

Question 2: What are your views on education? 

There were two main themes that emerged from question two. These themes were 

identified as 1) important, and 2) mixed. The theme important was further separated into four 

sub-themes. These were defined as 1a) generally important, 1b) general education is important, 

1c) important for the future or success, and 1d) important for society or the world. Examples of 

coded responses that were identified to fit under the theme important were any responses that 

included words such as “important” or “positive”. For sub-theme 1b, responses “everyone should 

at least finish high school and heavily consider college” and “I think education is important. Base 

subjects like English, math, science, and history” were placed under this category. For sub-theme 

1c, any response that directly identified education as important for success or for the future was 

added to this group. Phrases included in sub-theme 1c also included “I want to become educated 

so I can become a doctor and prove my family wrong, as well as help people” and “investment in 
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the future”. For sub-theme 1d, phrases such as “it is very important, for both the individual, the 

community, and the world”, “A nessecity [sic] for a sufficient worldview”, and “without 

education, the world doesn’t continue to survive and evolve” were placed in this group. All other 

responses that were identified under the theme important, but did not fit into sub-themes 1b, 1c, 

or 1d, were grouped in sub-theme 1a as generally important. Mixed responses included “it’s 

beneficial but not necessary”, “if you want it go for it if not that's fine too”, and “it's a good thing 

to pursue, but it may not be for everyone. Most participants’ responses were associated with the 

important theme (n = 35) (see Table 28). 

Table 28 

Emergent Themes from Participants’ Views on Education 

Emergent Themes Number of Participants 

  Frequency % 

Important 35 87.5 

   Generally important 22 55.0 

   General education is important 2 5.0 

   Important for the future or 

success 5 12.5 

   Important for society or the 

world 6 15.0 

Mixed 6 15.0 

Note. N = 41. Frequencies of the four subcategories of the theme important sum to the overall 

theme important frequency.  

Only three sentiments were identified in the participants’ views on education. Those 

sentiments were very positive, positive, and neutral. Any responses which included degree 

adverbs in context to a positive sentiment were categorized with the extreme end of the 

sentiment scale as appropriate. Examples of responses that were grouped as positive sentiments 
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were “necessary and important”, “important to learn new things to better understand people and 

situations”, and “important and integral to society”. Responses such as “good thing to pursue, not 

for everyone” and “beneficial but not necessary” were included under the neutral sentiment 

group. The majority of responses were identified as positive sentiment groups (n = 18) (see Table 

29). 

Table 29 

Sentiments of Participants’ Views on Education 

Sentiments Number of Participants 

  Frequency % 

Very positive 15 37.5 

Positive 18 45.0 

Neutral 8 20.0 

Note. N = 41. 

Emergent Themes and Sentiments from Science Literacy Assessments 

Within the science literacy block of the survey, open-ended questions were included after 

multiple choice questions 1, 2, 3, 4, 11, 12, and 13 of the science literacy. The prompt was 

identical following each question identified and asked participants to briefly explain why they 

selected the answer that they chose. Across all responses, six themes emerged that related to 

question-answering strategies.  Themes that emerged were 1) effective knowledge organization, 

2) guesswork, 3) keyword thinking, 4) process of elimination/deductive reasoning, 5) recognition 

of elements of scientific method/experimental design, and 6) word knowledge. All participants 

responded to all open-ended questions (n = 41) except for Question 11 (N = 39) and Question 13 

(N = 40).  
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Examples of responses that related to effective knowledge organization were “using 

scientists that all support the same idea will have to back-and-forth action with an opposing idea 

which may lead to biased results in a conducted study”, “people who are basing their thoughts 

not off of data and actual research are just stating opinions with nothing backing their claims, 

while physical data cannot be disputed”, and “the paragraph we read was an overall summary of 

findings from research conducted by several scientists, which matches the secondary review”. 

These response types showed how participants organized their thinking in order to respond to the 

question. Responses that aligned with guesswork stated things like “looked good”, “idk it just 

seemed the most right”, and “no idea”. Keyword thinking, which associated words in the answer 

choices with words in the question posed were “it says that it came from a MSNBC news report, 

and the option I selected had the words "media reports" in it”, “correlates between mercury and 

children with autism”, as well as “only conclusion that matched previous statements”. Process of 

elimination/deductive reasoning responses were identified as such when participants stated why 

they did not choose other options. Examples of process of elimination/deductive reasoning 

responses were “I chose my answer because it made the most sense out of all the other options. 

Option 2 talks about genes and how it can affect reproduction. I do not have the greatest 

understanding of science, but from my point of view, genes can affect how your body developed 

and how your body produces products. Without this gene, it can quite possibly affect 

reproduction” and “a yearly screening data with immunized and non immunized [sic] autistic 

children would show a better set of results rather than testing for only blood mercury levels or 

the rate of autistic children born because those numbers could be accurate but also not be related 

so it would be better for the yearly screening data”. Responses that exhibited recognition of 

elements of scientific method/experimental design were “if the article was peered reviewed, it 
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would mean that someone has checked the information is true and the results can be replicated if 

it was done correctly”, “it's the only one that uses proper deduction and empiricism to come to a 

conclusion/hypothesis”, and “there is a control and treatment group that was randomly assigned 

and limits any confounding variables by limiting exercise and weight”. Finally, word knowledge 

responses were related to when participants expressed understanding of words associated with 

the question and answered seemingly due to prior knowledge of words or concepts associated 

with the question or answer itself. Examples of word knowledge were “most private schools are 

based around one religion, so the study should've taken place on a large, diverse campus”, “they 

are biased because of their political beliefs”, and “it is good to not assume that drugs will not 

have bad long term [sic] consequences. If assumed, there is a risk of the drug being recalled and 

people getting sick”. 

Analysis of each theme in relation to each question with which it was associated showed 

differences in frequency of how often the different answering strategies were used by 

participants. Science literacy assessment Question 1 asked “Which of the following is a valid 

scientific argument?”. The highest frequency of responses was associated with the theme exhibit 

recognition of elements of scientific method/experimental design (n = 14) followed by process of 

elimination/deductive reasoning (n = 11) (see Table 30).  
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Table 30 

Emergent Themes from Science Literacy Assessment Question 1 

Emergent Themes 

Number of  

Instances 

Correct  

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 8 19.51 4 9.76 4 9.76 

Guesswork 3 7.32 3 7.32 0 0.00 

Keyword thinking 3 7.32 3 7.32 0 0.00 

Process of 

elimination/deductive 

reasoning 11 26.83 10 24.39 1 2.44 

Recognition of elements 

of scientific 

method/experimental 

design 14 34.15 12 29.27 2 4.88 

Word knowledge 2 4.88 2 4.88 0 0.00 

Note. N = 41. 

Science literacy assessment Question 2 provided an excerpt modified from modified 

news report from MSNBC .com and asked, “The excerpt above comes from what type of source 

of information?”. The highest frequency of answering technique employed was identified to be 

keyword thinking (n = 13) followed by effective knowledge organization (n = 12) (see Table 31). 
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Table 31 

Emergent Themes from Science Literacy Assessment Question 2 

Emergent Themes 

Number of 

Instances Correct Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 12 29.27 6 14.63 6 14.63 

Guesswork 2 4.88 0 0.00 2 4.88 

Keyword thinking 13 31.71 10 24.39 3 7.32 

Process of 

elimination/deductive 

reasoning 2 4.88 0 0.00 2 4.88 

Recognition of elements 

of scientific 

method/experimental 

design 4 9.76 0 0.00 4 9.76 

Word knowledge 8 19.51 8 19.51 0 0.00 

Note. N = 41. 

Science literacy assessment Question 3 asked “Which of the following actions is a valid 

scientific course of action?”. The highest frequency of responses was associated with recognition 

of elements of scientific method/experimental design (n = 16) followed by effective knowledge 

organization (n = 9) (see Table 32). 
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Table 32 

Emergent Themes from Science Literacy Assessment Question 3 

Emergent Themes 

Number of 

Instances 

Correct  

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 9 21.95 7 17.07 2 4.88 

Guesswork 5 12.20 4 9.76 1 2.44 

Keyword thinking 1 2.44 1 2.44 0 0.00 

Process of 

elimination/deductive 

reasoning 7 17.07 7 17.07 0 0.00 

Recognition of elements of 

scientific 

method/experimental 

design 16 39.02 16 39.02 0 0.00 

Word knowledge 3 7.32 3 7.32 0 0.00 

Note. N = 41. 

Science literacy assessment Question 4 provide four research study examples and asked, 

“Which of the following research studies is least likely to contain a confounding factor (variable 

that provides an alternative explanation for results) in its design?”. The majority of responses 

were identified to be associated with effective knowledge organization (n = 17) followed by 

process of elimination/deductive reasoning (n = 8) (see Table 33). 
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Table 33 

Emergent Themes from Science Literacy Assessment Question 4 

Emergent Themes Number of Instances 

Correct  

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 17 41.46 5 12.20 12 29.27 

Guesswork 3 7.32 1 2.44 2 4.88 

Keyword thinking 2 4.88 0 0.00 2 4.88 

Process of 

elimination/deductive 

reasoning 8 19.51 6 14.63 2 4.88 

Recognition of elements 

of scientific 

method/experimental 

design 7 17.07 7 17.07 0 0.00 

Word knowledge 4 9.76 1 2.44 3 7.32 

Note. N = 41. 

Science literacy assessment Question 8 stated “Creators of the Shake Weight, a moving 

dumbbell, claim that their product can produce “incredible strength!”” and asked, “Which of the 

additional information below would provide the strongest evidence supporting the effectiveness 

of the Shake Weight for increasing muscle strength?”. Most responses were grouped under 

process of elimination/deductive reasoning (n = 12) followed by effective knowledge 

organization (n = 8) as well as word knowledge (n = 8) (see Table 34). 
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Table 34 

Emergent Themes from Science Literacy Assessment Question 8 

Emergent Themes 

Number of 

Instances Correct Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 8 19.51 6 14.63 2 4.88 

Guesswork 5 12.20 2 4.88 3 7.32 

Keyword thinking 6 14.63 5 12.20 1 2.44 

Process of 

elimination/deductive 

reasoning 12 29.27 11 26.83 1 2.44 

Recognition of elements of 

scientific 

method/experimental design 2 4.88 2 4.88 0 0.00 

Word knowledge 8 19.51 3 7.32 5 12.20 

Note. N = 41. 

Science literacy assessment Question 11 asked participants to select “The most important 

factor influencing you to categorize a research article as trustworthy science is:”. The highest 

frequency of responses was associated with effective knowledge organization (n = 15) followed 

by word knowledge (n = 12) (see Table 35). 
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Table 35 

Emergent Themes from Science Literacy Assessment Question 11 

Emergent Themes Number of Instances 

Correct 

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 15 36.59 9 21.95 6 14.63 

Guesswork 3 7.32 2 4.88 1 2.44 

Keyword thinking 1 2.44 0 0.00 1 2.44 

Process of 

elimination/deductive 

reasoning 5 12.20 4 9.76 1 2.44 

Recognition of elements of 

scientific method/experimental 

design 3 7.32 3 7.32 0 0.00 

Word knowledge 12 29.27 4 9.76 8 19.51 

Note. N = 39. 

Science literacy assessment Question 12 asked participants to select “Which of the 

following is not an example of an appropriate use of science?”. Similar to Question 11 grouping, 

for Question 12 responses most of responses were associated with effective knowledge 

organization (n = 15) followed by word knowledge (n = 11) (see Table 36). 
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Table 36 

Emergent Themes from Science Literacy Assessment Question 12 

Emergent Themes 

Number of 

Instances 

Correct  

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge organization 15 36.59 13 31.71 2 4.88 

Guesswork 6 14.63 1 2.44 5 12.20 

Keyword thinking 2 4.88 2 4.88 0 0.00 

Process of elimination/deductive 

reasoning 4 9.76 2 4.88 2 4.88 

Recognition of elements of 

scientific method/experimental 

design 3 7.32 2 4.88 1 2.44 

Word knowledge 11 26.83 8 19.51 3 7.32 

Note. N = 41. 

Science literacy assessment Question 13 stated “A researcher hypothesizes that 

immunizations containing traces of mercury do not cause autism in children” and asked, “Which 

of the following data provides the strongest test of this hypothesis?” The majority of responses 

were identified to be associated with effective knowledge organization (n = 13) followed by 

recognition of elements of scientific method/experimental design (n = 11) (see Table 37). 
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Table 37 

Emergent Themes from Science Literacy Assessment Question 13 

Emergent Themes 

Number of 

Instances 

Correct 

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge organization 13 31.71 10 24.39 3 7.32 

Guesswork 5 12.20 4 9.76 1 2.44 

Keyword thinking 3 7.32 1 2.44 2 4.88 

Process of elimination/deductive 

reasoning 2 4.88 2 4.88 0 0.00 

Recognition of elements of 

scientific method/experimental 

design 11 26.83 11 26.83 0 0.00 

Word knowledge 6 14.63 4 9.76 2 4.88 

Note. N = 40. 

 Analysis was also performed in order to assess the frequency of themes of each of the 

question-answering strategies across all responses to questions with associated open-ended 

questions (N = 325). The most used question-answering strategy was identified as effective 

knowledge organization (n = 97). The next most used strategy was recognition of elements of 

scientific method/experimental design (n = 60). The least number of instances for question-

answering strategy was keyword thinking (n = 31) (see Table 38). 
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Table 38 

Emergent Themes from All Science Literacy Assessment Combined 

Emergent Themes 

Number of 

Instances 

Correct  

Responses 

Incorrect 

Responses 

  Frequency % Frequency % Frequency % 

Effective knowledge 

organization 97 29.85 60 18.46 37 11.38 

Guesswork 32 9.85 17 5.23 15 4.62 

Keyword thinking 31 9.54 22 6.77 9 2.77 

Process of 

elimination/deductive 

reasoning 51 15.69 42 12.92 9 2.77 

Recognition of elements of 

scientific 

method/experimental design 60 18.46 53 16.31 7 2.15 

Word knowledge 54 16.62 33 10.15 21 6.46 

Note. N = 325. 

Further analysis identified that the use of the theme recognition of scientific 

method/experimental design resulted in the highest percentage of correct response relative to the 

frequency of the strategy employed (99.33%) (see Table 39).  
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Table 39 

Percent of Instances of Correct versus Incorrect Responses for Emergent Themes 

Emergent Themes 

Number of 

Instances 

Correct 

Responses 

Incorrect 

Responses 

  Frequency % % 

Effective knowledge organization 97 61.86 38.14 

Guesswork 32 53.13 46.88 

Keyword thinking 31 70.97 29.03 

Process of elimination/deductive reasoning 51 82.35 17.65 

Recognizes elements of scientific 

method/experimental design 60 88.33 11.67 

Word knowledge 54 61.11 38.89 

Note. N = 41. 

Critical Discourse Analysis 

Following initial qualitative analysis of all open-ended survey responses, critical 

discourse analysis (CDA) was performed. For this round of CDA, all rounds of coding as well as 

the original responses were assessed specifically for words or phrases that could be related to 

instances of identity, agency, and/or power (IAP). Within the previous science experience section 

as well as the sociocultural experience section, CDA was applied in a manner to carefully 

identify the participants’ responses where language used could be representative of IAP. In 

regard to the science literacy assessment section, CDA was applied to identify instances where 

participants recognized IAP in the science literacy questions and/or answer choices themselves. 

For deeper understanding and the ability to concretely separate out relations to identity, agency, 

or power, per the participants’ responses, follow-up data collection would be necessary. As 

follow-up data collection was not possible due to the nature of this study, all responses that had 
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words or phrases related to IAP were coded collectively as such. All instances of IAP that 

resulted from this analysis are reported below. 

Identity, Agency, and Power in Previous Science Experiences 

In the previous science experiences block of the survey, responses to the two open-ended 

questions were included. The questions asked participants from their experience what the 

attitudes toward science were in their household and community. Each response was carefully 

assessed for IAP (N = 41). The first question which asked, “In your experience, what was the 

attitude toward science in your household?” resulted in nine instances of IAP. The second 

question asked, “In your experience, what was the attitude toward science in your community?” 

and had 12 instances of IAP (see Table 40). 

Identity, Agency, and Power in Sociocultural Experiences 

Responses to the two open-ended questions in the sociocultural experiences block of the 

survey were assessed for instances of IAP following the same method that was employed for the 

previous science literacy responses (N = 41). The questions asked participants from their 

experience what their household and/or community attitudes as well as their own attitudes 

toward education were. The first question which asked, “How was education viewed in your 

household and/or community?” resulted in 16 instances of IAP. The second question asked, 

“What are your views on education?” and had 15 instances of IAP (see Table 41). 
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Table 40 

Instance of Identity, Agency, and Power in Previous Science Experience Responses 

Previous Science 

Experience Language from Participants' Responses 

Question 1  

 ...both of my parents are in the science field  

 Computer Scinece [sic] was a win… 

 Lots of pseudoscience and incorrect science 

 Learning science...was very important 

 ...to be looked at as truth… 

 I was about the only one good at it.  

 extremely praise-worthy, typical indian [sic] household mindset 

 

My family was full of religious nuts who believe science is a 

hoax made up by liberals. 

 ...everyone supports science and the CDC as well as my major.  

Question 2  

 Limited and untrusted 

 a mixture of pro scientific and pseudoscientific people.  

 very in touch with natural sciences 

 Science is big in my community, especially agricultural science  

 Somewhat skeptical 

 

More on the positive, but a little frightened on how science is 

advancing. 

 very impressive and praised 

 Not very good. 

 Very negative 

 More religious based then science  

 ...in Christian school, there they actively denied it… 

  Passionate 
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Table 41 

Instance of Identity, Agency, and Power in Sociocultural Experience Responses 

Sociocultural 

Experience Response 

Question 1  

 Self led [sic] education...Bible study. 

 ...valued towards our future and getting further in life… 

 very pro education 

 Very important for success 

 It was viewed as very important/highly valued 

 An opportunity or indoctrination… 

 Very important to pursue in order to gain better opportunities for oneself. 

 Important to be successful 

 It’s a gateway to a better career 

 ...high importance...it was almost a requirement to attend college 

 continue onto the college style  

 Highly sought after 

 ...a priority  

 ... viewed as something that is important and very much needed 

 Top priority  

 

...schools indoctrinate kids into being gay/liberal/etc. I do not believe 

them.  

Question 2 

...very important to your future…stepping stone [sic] towards jobs and to 

an extent, money… 

 ...very important, but the system in the US is trash.  

 For specialized success it can open a lot of doors in your future 

 ...extremely important and should be accessible to all 

 

I want to become educated so I can become a doctor and prove my family 

wrong, as well as help people. I love going to school! 

 ...very important, for both the individual, the community, and the world 

 ...necessary and important  

 

...it is important to always learn new things so that you as a person are 

able to better understand the people around you and their situations. 

 Positive, everyone should have a right to good education 

 beneficial and necessary to survive 

 

everyine [sic] should be able to reach some type of higher education after 

completing highschool [sic] or obtaining their GED...very important for 

every individual… 

 ...very important in order to be successful  

 ...important and is integral to society 

  

...completely necessary for everyone to have at least a highschool [sic] 

education...higher education should be more accessible and affordable.  
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Identity, Agency, and Power in Science Literacy Assessment Responses 

 In this section, CDA was applied as it was in the previous two sections, however, a 

different approach was employed to account for instances of identity, agency, and power that 

participants identified in the science literacy questions associated with open-ended responses. 

The responses were evaluated for each question that had an associated open-ended response 

option (N = 325). Instance of IAP were tallied across each respective question (see Table 42). A 

total of 56 instances of IAP identification were found across all responses. 

Table 42 

Instance of Identity, Agency, and Power in Open-ended Science Literacy Responses 

Science 

Literacy 

Number of 

Instances Example of Identified IAP 

Question 1a 0 n/a 

Question 2a 4 

sometimes the way they represent the news is skewed towards 

their way of thinking or as a way to garner public attention. 

Question 3a 9 

The other ones weren't based on solely science, there were 

other political factors as well… 

Question 4a 4 

Going to a private institution in a region known for it's [sic] 

religiousness is a great way to skew results. 

Question 8a 0 n/a 

Question 

11a 17 

Reputation is subjective, publishers can be bought, data can be 

forged or mislabeled  

Question 

12a 22 

Using science to prove something to advance someone’s 

political beliefs make the data biased and it is corruption on the 

government. 

Question 

13a 0 n/a 
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Chapter 5 Discussion 

 In this chapter I discuss the findings of my survey which examined previous science 

experiences, sociocultural experiences, and science literacy assessment outcomes of traditional 

first-year college students. I will discuss the findings for each individual section of the survey 

employed. Furthermore, I discuss the relationships found within the results from this study which 

address the proposed research questions. I present implications for future research within this 

area of study. Additionally, I provide limitations of this research to be considered. 

Review of the Purpose of Research and Research Questions 

The purpose of this study was to gain a deeper insight into factors that may play a role in 

how students and citizens engage with scientific information. Factors examined were previous 

science experiences, as well as social and cultural factors from participants’ lived experiences. 

This study aimed to assess what sociocultural factors may influence aspects of science literacy. 

Some of the sociocultural factors explored were environments in which the student was raised, 

cultural experiences, traditions, and beliefs within the community, at home, and at school. Due to 

the limited amount of research has been done on influences of sociocultural experience in 

science education as well as the lack of any published studies that have utilized critical 

sociocultural research in science literacy to date, the findings of this study can be applied to more 

directed areas of study in order to gain even greater insight and understanding of the roles 

sociocultural factors, and instances of identity, agency, and power, play a role in relation to 

science literacy. To evaluate the relationships between previous science experiences, 

sociocultural experiences, and science literacy assessment outcomes, the following research 

questions were asked: 
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A. How do previous science experiences relate to students’ science literacy? 

B. What sociocultural factors correlate to students’ science literacy scores?  

Participants’ Demographics 

 The nature of this study was to assess differences in previous science experiences as well 

as social and cultural experiences of traditional first-year college students and how they relate to 

science literacy assessment. Due to the limitations of this study being conducted at a single 

university in one region of the country, and data collection being performed through anonymous 

survey, there was no way to ensure a diverse sample group of participants representative of the 

population. First it was important to establish whether or not there was a variety of demographic 

identities represented within the research. It has been identified that historically underrepresented 

groups do not seek out STEM-related studies at the same frequency as those who hold dominant 

identity characteristics (Ketenci et al., 2020). Additionally, it has been found that difference in 

demographics have played a role in retention within STEM-related disciplines, whereas 

individuals who hold non-dominant identities do not obtain degrees in STEM at the same rate as 

those whose demographics align with the dominant group (Costello et al., 2023).  

The findings from the demographic section of this study did show a variety of 

demographic information for participants who completed the survey which allowed for 

confidence in overall results due to a more overall representative sample (N = 41). While the 

majority of participants were enrolled in an introductory biology course (n = 26) and were 

science majors (n = 22), there were still nearly half of participants who selected that they were 

pursuing majors that were not science. This was valuable, as participants were given a science 

literacy assessment. If an overwhelming number of students had been strictly science majors, the 

potential outcome of how science literacy related to other factors investigated within this study 
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could have been unfairly biased due to a larger number of participants being more geared toward 

a future that involved a science endeavor. This also added to the richness of this study as it 

expanded on the previous understanding of science literacy by including roughly half of the 

sample who were non-science majors. In regard to identity demographics, the majority identified 

as white (n = 30), not of Hispanic, Latino/a/x, or of Spanish origin (n = 35), American nationality 

(n = 31), female (n = 22), apolitical (n = 11), and able-bodied (n = 40). For the non-majority 

demographic results, other than ability, there were a variety of different demographic responses 

identified which supported evidence of a diverse sample group for this study. 

 There were a few participants identified as holding more than one identity when it came 

to race (n = 5) and nationality (n = 1). Because of the location of the university from which 

participants were pooled for this study, it was expected that the majority of participants would 

identify as having American or U.S. citizens nationality. Having several participants identify as 

holding nationalities other than American or U.S. citizen was able to enrich the findings of this 

study due to a greater possibility of various social and cultural experiences (Gipps, 1999).  

The expanded response options for the demographics section of this survey also allowed 

for greater representation of both gender identity and sexual orientation within these findings. By 

including greater selection options in an anonymous survey, participants may have felt more 

inclined to answer honestly about gender identity and sexual orientation without fear of social 

repercussions (Dillbary, & Edwards, 2019; Schmader &  Block, 2015; Wood & Eagly, 2015). 

Participants’ Previous Science Experiences 

 Previous science experiences were examined in order to gain a greater understanding of 

areas in which may account for science literacy assessment outcomes and how these may be in 
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relation with sociocultural experiences. Also, data collected within this section aimed to ensure 

that there was not a monolith of previous science experiences represented by the participants of 

this study. The majority of participants identified as being a science person (n = 28) as well as 

having been an active participant in previous science classes on occasions (n = 26). Most 

participants had taken three to four science courses during their high school career (n = 23), 

which is the average amount of courses typically expected if a student takes one science course 

per year in a typical four-year high school duration. The majority had never had a negative 

experience while discussing science, either inside or outside of the classroom (n = 25). In regard 

to the extent in which the participants perceived that their views of science were influenced by 

their household and/or community’s views toward science, the majority reported that they felt 

that their views had not much been influenced by their household and/or community, however, 

approximately one-third of participants felt strongly that their views had been influenced by their 

household’s and/or community’s views on science. This is reflected by work done by Dabney et 

al. (2013) that identified that family influence does play a role in whether or not a child within 

the household becomes interested in science. However, their research was limited to younger 

children and did not identify if early childhood interest resulted in a lifelong interest in science. 

This study added to the understanding of how young adults perceived influence from their 

families and communities on their own views of science.  

 Further examination of the previous science experiences probed in this study showed that 

the majority of participants felt as though creativity was fostered (n = 22) and that critical 

thinking was valued (n = 27) in previous science courses. Daud et al. (2012) identified the 

importance of science education to foster greater creativity in both its discipline and its 

implementation in order to keep up with global demand as a factor to generating new knowledge. 
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Creativity has also lent itself to engagement within science learning. As there has been a push to 

include art, moving STEM to STEAM, studies have shown that creativity can be a motivating 

factor for engagement, enjoyment, critical thinking, and problem solving within science (Blatti et 

al., 2019; Conradty & Bogner, 2019; Elvianasti & Dharma, 2021). High school resulted in the 

highest-ranking outcome for both overall science experience (M = 7.61) as well as the extent to 

which participants found science courses to be the most engaging (M = 7.63). This could indicate 

that science teachers are better equipped to teach science in a more impressionable way than 

elementary and middle school science. This has implications in pre-service teacher education 

where confidence in science teaching and exploration into more engaging activities can be.  

Household attitudes toward science were mostly identified as supportive (n = 24). There 

was a slight shift in community attitudes toward science when compared to household attitudes 

toward science. Community attitudes toward science differed in that they were identified to be 

mostly favored (n = 19), while there were more instances of unfavored, untrusted, or indifferent 

attitudes toward science. Less than 50% of community attitudes favored science, while the 

equivalent amount had attitudes toward science that were unfavored, indifferent, and mixed. 

Sentiment analysis of attitudes toward science reflected thematic analysis in that there were more 

responses that aligned with positive and very positive sentiments within household attitudes 

toward science and a shift was seen to more neutral or negative attitudes toward science within 

community attitudes toward science. A perception of more negative attitudes toward science in 

communities as opposed to household may be a result of the digital age, where there is a large 

amount of negative rhetoric surrounding certain scientific topics, such as global warming and 

pandemics. Households may be able to insulate against negative rhetoric, especially if topics 

such as science are discussed in home environments. 
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There were also reports of communities being untrusting toward science. This has 

become an increasing trend that has become much more visible since the beginning of the 

COVID-19 pandemic (Del Corona, 2021; Priniski & Holyoak, 2022). Negative feelings and 

sentiments surrounding science and scientific data that is being reported have continued to be a 

hot-button issue. There are also reports that have shown that there is an overall growing trend in 

distrust of media and news outlets (Ladd, 2013; Suiter & Fletcher, 2020; Ternullo, 2022). Further 

complicated by the growing trend for people to rely solely on social media for their news and 

information, this could lead to an even greater drastic increase in mis- and disinformation 

(Johnson & Kaye, 2015; Shu et al., 2017). 

 For students that are between the ages associated with early childhood education to Grade 

12, there is more of a potential influence from their household than their community (Dabney et 

al., 2013). Households environments have the capacity to insulate negative influence from the 

outside world. However, household attitudes that differ greatly from, may also have a negative 

impact on feelings/ relevance toward science, especially if the core values within the household 

align with a religious, political, or cultural group that does not advocate for or actively denies 

science. 

Participants’ Sociocultural Experiences 

Sociocultural experiences play a role in our everyday lives, whether we are aware of it or 

not. They influence our identity, our decisions, and how we see and interact with the world 

around us (Jessee, 2016; Simonton, 2014). I examined sociocultural experiences of participants 

in order to identify factors that may play a role in science literacy. Similar to the previous science 

experiences section, findings from the data collected within this section showed that there was a 

variety of different sociocultural experiences represented in this study. By ensuring a diverse set 
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of sociocultural experiences, I was better situated to identify areas where there were relationships 

with sociocultural experiences and science literacy assessment outcomes.  

The majority of participants identified as Christian (n = 21). This was expected as 

Christianity is the reported as the largest religion in the United States. Results from this study 

showed that 22% of participants reported as being atheist, which is a much higher percentage 

than what has historically been reported for the United States. A study conducted by Van 

Tongeren et al. (2021) reported that people who report as non-religious now make up the third 

most populated group regarding religious identities. However, caution is taken to note that shifts 

in attitudes toward religion, or those departing religion-affiliated groups, do not indicate religious 

intolerance. Religious intolerance tends to be most represented between different religious 

groups and can lead to escalated violence and acts of harm (Dauda, 2020). While some findings 

from the previous science experience section of this study did have elements of intolerance for 

science due to religious beliefs, which I discuss below.  

In regard to the household environments of participants, it was found that the majority of 

participants lived in a household where only one language was spoken (n = 32), had household 

responsibilities such as chores (n = 24), and did not live in a multigenerational home (n = 33). 

While multigenerational households used to be more commonplace, the increase in the single 

nuclear family model has become the standard of living for a large proportion of residents within 

the United States (Lesthaeghe, 2014; 2020). The decline of multigenerational households may 

influence the degree to which cultural traditions are practiced or passed down among 

generations. However, multigenerational households are not the sole way in which cultural 

traditions and understandings that impact ways of knowing are imparted onto younger 

generations (Taber, 2020; Wetzel et al., 2019).  
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Further household environment findings determined that most participants came from a 

household where the highest level of education within their household was either a Bachelor’s 

degree (n = 14) or a Graduate or Professional degree (n = 14). The extent to how much a 

caretaker within a household who holds a higher degree influence whether or not the student 

matriculates to college themselves is not well understood. However, Hung et al. (2019) showed 

that in the South and Southwest, race disparities in alignment with household education 

contributed to educational achievement gaps. There have been reports that discuss the influence 

that parents or caretakers have on student’s decision to continue on to college after completing 

high school, such as socioeconomic resources or ideas about a more prosperous future for the 

student (Blandin & Herrington, 2022; Ruiz Alvarado et al., 2020). 

Community aspects of sociocultural experiences identified that the majority of 

participants lived in suburban communities (n = 22) and were involved along with their families 

in community activities (n = 27). School aspects of participants sociocultural experiences shared 

commonalities of the community aspects reported as the majority of participants identified that 

the type of community that the school they attended was located in a suburban community (n = 

23) and most participants attended a traditional public school (n = 34). The majority of 

participants were involved in extracurricular activities. Extracurricular activities may be another 

area where students’ ideals and beliefs can be influenced or reinforced, such as an after-school 

science program, sports program, or language club.  

 Participants’ views on education appeared to shift to a more positive overall view as 

opposed to results of household or community views on education. While in both cases, views on 

education were deemed to be important by the majority, instances of indoctrination were 

mentioned in response to household or community views on education, where the participants’ 
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views on education did not reflect that. Sentiments within household or community’s views 

toward education were found to range from very negative to very positive, however, participant 

sentiments toward education showed to only range from neutral to very positive. The shift may 

be due to the fact that all participants are enrolled in their first year of college and so by pursuing 

higher education, they may hold higher esteem for education in itself. There were also many 

instances where participants identified education as important to their future success. One 

participant responded, 

My views on eduaction [sic] is that everyine [sic] should be able to reach some type of 

higher education after completing highschool [sic] or obtaining their GED. I think that 

education is very important for every individual no matter what their future career may 

end up being 

and another wrote “It's there for a reason. To learn and apply those practices to outside sources. 

Without education, the world doesn't continue to survive and evolve. It' extremely important to 

do good in education”. However, not all participants identified education as being the end-all for 

every person, as there were multiple instances where responses indicated that education was 

good for those who wanted to pursue it, such as one participant who answered, “if you want it go 

for it if not that's fine too” and another reported, “It's a good thing to pursue, but it may not be for 

everyone”. It was also recognized that a four-year college was not the only type of educational 

avenue that was available as one participant responded, “It is extremely important although there 

are many different avenues towards a quality education (college, trade school, apprenticeship)”. 

In a landscape where the importance of education has seemed to be reinforced by the transition 

of high school education programs to be almost exclusively college-track programs, the idea that 
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college is not for everyone from this group of students indicates that there may be a shift in 

perspective for future generations. 

Participants' Science Literacy Assessment Outcomes 

 Results from the science literacy assessment showed a very wide range of science 

performance. The overall outcome of science literacy assessment scores out of 14 possible 

ranged from the lowest score being one and the highest score being 14 with a mean score of 9.5. 

It should be taken into consideration the very real impact and disruption that the COVID-19 

pandemic had on learning gains across all levels of education (see Grewenig et al., 2021; 

Kwakye & Kibort-Crocker, 2021; Middleton, 2020). Students that were evaluated in this study 

would have been impacted by the pandemic due to their age and the fact that they were 

traditional first year college students during the 2022-2023, or 2023-2024 academic year.  

The scientific literacy skill area that resulted in the highest percentage of correct 

responses was evaluation of use and misuse of scientific information (92.68%) followed by 

problem solving using quantitative skills. The scientific literacy skills area that resulted in the 

lowest percentage of correct responses was justification of inferences, predictions, and 

conclusions based on quantitative data (43.90%). 

 Question-answering strategies were identified in all responses to the embedded question 

which asked participants why they answered a specific question the way they did (N = 325). 

Strategies identified were 1) effective knowledge organization, 2) guesswork, 3) keyword 

thinking, 4) process of elimination/deductive reasoning, 5) recognition of elements of scientific 

method/experimental design, and 6) word knowledge. While the most used strategy varied per 

individual question, it was found that the most used question-answering strategy overall was 
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effective knowledge organization (29.85%). This strategy also resulted in the highest percentage 

of correct responses overall (18.46%). Recognition of elements of scientific 

method/experimental design was the strategy that was employed at the second highest percentage 

(18.46%) and resulted in the second highest percentage of correct responses (16.31%). This 

highlights the importance of increasing science literacy in how it helps to approach scientific 

information. Furthermore, this gives insight into how students approach assessments. The use of 

multiple other strategies, such as keyword thinking or process of elimination showed the use of 

test-taking strategies, which does not result in a clear picture of science literacy outcomes based 

on assessment results alone. Test-taking strategies are often taught through tutoring sessions or 

test preparation courses that tend to be costly, which implies another source of inequity where 

people with greater means are able to perform better on assessments.   

Relationships between Science Literacy Assessment Scores and Previous Science 

Experiences  

 When previous science experience data were analyzed against science literacy assessment 

scores, there were five previous science experience categories that resulted in no relationship 

with science literacy assessment. Those were 1) overall previous middle school science 

experience, 2) overall elementary school science experience, 3) engaging high school science 

experience, 4) engaging middle school science experience, and 5) whether or not a participant 

had ever had a negative experience while discussing science. According to the Cohen (1988) 

stipulations, a Pearson’s correlation value of less than 0.3 indicated a weak relationship, a 

Pearson’s correlation value of 0.3-0.49 indicated a moderate relationship, and a Pearson’s 

correlation value of 0.5 or greater indicates a strong relationship. When science literacy 

assessment scores were analyzed against previous science experiences using bivariate correlation 



 

147 

analysis, no strong relationships were identified. There were seven instances of weak 

relationships identified. Those were 1) whether or not the participant considered themself a 

science person, 2) the number of science courses taken during high-school, 3) Whether or not the 

participant was an active participant in previous science courses, 4) overall high school science 

experience, 5) engaging elementary school science experience, 6) whether or not the participant 

felt that critical thinking was valued in previous science courses, and 7) the extent to which the 

participant felt that their household and/or community influenced their own views on science. 

Only one area resulted in Pearson’s correlation of 0.3 or greater with a p-value of 0.02, indicating 

a moderate relationship with statistical significance. The moderate relationship identified was 

between science literacy assessment scores and previous science experiences that fostered 

creativity. General linear regression analysis confirmed these findings as the ANOVA generated a 

significance value of 0.02, which indicates statistical significance, and the R-square value that 

resulted was 0.13. This may indicate that when creativity is employed in science learning spaces, 

a stronger understanding of the processes that are being explored is allowed to take shape. When 

students are able to approach problems with creativity, this could indicate that curiosity is also 

more welcomed in those learning spaces. Encouraging creativity in science learning spaces may 

lead to deeper and more meaningful explorations of science topics by our students. This 

relationship should be further explored as there is evidence that employment of creativity within 

school instruction supports stronger learning outcomes (see Benedek & Fink, 2019; Daud et al., 

2012; Hanif et al., 2019; Supena et al., 2021). The findings within this section contribute to a 

deeper understanding that previous science experience alone cannot account for science literacy 

outcomes. 
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Relationships between Science Literacy Assessment Scores and Sociocultural Experiences  

Cohen (1988) stipulations were also applied to Pearson’s correlation values that resulted 

from bivariate correlation analysis when science literacy assessment scores were analyzed 

against sociocultural experiences. Similar to analysis against previous science experiences, no 

strong relationships were identified. Only three sociocultural aspects resulted in no relationship 

to science literacy assessment. Those were 1) the number of languages spoken within the 

household, 2) whether or not the participant grew up in a multigenerational household, and 3) 

household responsibilities of the participant. There were eight sociocultural aspects that resulted 

in a weak relationship with science literacy. Those were identified as 1) race, 2) ethnicity, 3) 

nationality, 4) political affiliation, 5) the highest household education level, 6) the type of 

community in which the participant was raised, 7) participant and family involvement in 

community activities, and 8) the type of community the school in which the participant attended 

was located. However, among all sociocultural variables analyzed, six identifiers resulted in a 

Pearson’s correlation of 0.3 or greater. Only three identifiers resulted in a  p-value of < 0.05, 

which indicated a strong confidence in the relationship, while the other three identifiers resulted 

in p-values between 0.06 and 0.12 indicating medium confidence in the resulting Pearson’s 

correlation values. The moderate relationships with high confidence identified were sexual 

orientation, ability, and religious affiliation. All participants except for one indicated that they 

were able-bodied, and therefore correlation analysis was not reliable for that variable. Purposeful 

sampling and a deeper investigation into ability and how it relates to science literacy should be 

investigated. Both sexual orientation and religious affiliation resulted in positive correlations 

with science literacy. Results indicated that science literacy assessment scores were higher for 

participants who identified as something other than straight/heterosexual. Similarly results 
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suggested that science literacy scores are lower for students who identified as Christian. 

Moderate relationships with medium confidence identified were gender, type of school attended, 

and extracurricular activity involvement. Gender and type of school resulted in positive 

correlations while involvement in extra-curricular activities resulted in a negative correlation. 

Similar to sexual orientation outcomes, there was a relationship of an increase in science literacy 

outcomes participants who identified as having a gender identity other than male. Gender and 

sexual orientation results may indicate that those who hold identities other than heteronormative 

may be inclined to question or push back against the status quo and not just accept information 

as is. The positive relationship between the type of school attended and science literacy outcomes 

showed higher scores were associated with participants who attended private school. This is 

supported by our understanding that higher socioeconomic status has been shown to be 

positively related to science and mathematics outcomes (Broer et al., 2019). As private schools 

tend to be costly and not an option for all students, this highlights a continued perpetuation of 

inequity in education. The negative correlation of the relationship between extra-curricular 

activities and science education could point to participants having interests other than science 

and therefore spending more of their time engaged with activities that did not support science 

literacy. While we know  that science education is Eurocentric in nature and science spaces have 

been designed to uphold the ideals of the dominant culture, evidence from this study suggests 

that certain dominant identity characteristics could negatively impact science literacy. This could 

indicate that in a world that is designed for the success of those whose identities align with the 

dominant culture, there is a negative impact on the skills required for science literacy. In contrast, 

those who attended private schools, and therefore are more likely associated with higher social 

classes may have an advantage in regard to their science education. This provides additional 
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evidence that  there is still inequity in science education, as well as a need for more inclusive and 

representative science education. Similar to how it has been shown that sociocultural experiences 

have contributed to differences in science education, these findings provide evidence that 

sociocultural experiences also impact science literacy outcomes as well (Allum et al., 2018; 

Anaya et al., 2022; Rivera Maulucci, 2010).  

When identity characteristics were grouped as dominant (white, cis, heteronormative, an 

American citizen, not of Hispanic, Latino/a/x, or of Spanish origin) and non-dominant 

characteristics and analyzed against science literacy assessment outcomes, bivariate correlation 

analysis resulted in a weak relationship. Interestingly, when Christianity was added to the 

dominant identity characteristics group, analysis resulted in a positive moderate relationship, that 

is participants who identified as Christian had lower science literacy outcomes than participants 

who did not identify as Christian. Furthermore, general linear regression analysis confirmed 

these findings. These results provided greater evidence that students who hold dominant identity 

characteristics, to include Christianity are at a disadvantage to science learning, even in a system 

where curriculum was designed to give advantage to those who hold dominant identities (Le & 

Matias, 2019; Martin, 2019; Sawyer & Waite, 2021). This is further supported as it has been 

identified that religious beliefs within a household do influence science beliefs, however, the 

type of influence differs based on religious denomination or affiliation (Jensen et al., 2021). 

Identity, Agency, and Power within Previous Science Experience, Sociocultural 

Experiences, and Science Literacy  

 Critical discourse analysis (CDA) was carefully applied to all open-ended responses 

embedded within the survey. A reflexive and reflective process was used to identify words and 

phrases within participants’ responses that conveyed any instance of identity, agency, and/or 
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power (IAP). Within the responses investigated, instances of both micro-relational and macro-

relational influences of IAP were identified. As there was no way to follow-up with the 

participants and further analyze the meaning of their responses, or to a greater extent separate out 

what could be identified as identity versus agency versus power, all instances identified within 

were grouped together. As systems of power often operate invisibly to the general public, 

perpetuation of harm and oppression continues to occur in everyday life with limited 

understanding or interference. In order to make effective changes within any system or 

institution, critical evaluation and critique is necessary. Social and cultural environments, such as 

education, legal systems, and churches are examples of areas that have more often leant 

themselves to critical analysis and critique as they have long been identified to be spaces that 

maintain the status quo and have of extensive elements of power associated with them. Science 

spaces should be no exception. While often thought to be objective in nature, science education 

and science disciplines have continued to uphold Eurocentric ways of knowing as well as 

perpetuate harm. 

 Within previous science experiences, a total of 21 instances of IAP were identified within 

responses to the question, “In your experience, what was the attitude toward science in your 

household?” and “In your experience, what was the attitude toward science in your 

community?”. Examples of words and phrases flagged for instances of IAP include, “...in 

Christian school, there they actively denied it…” as well as “My family was full of religious nuts 

who believe science is a hoax made up by liberals”, which demonstrates active denial of science 

due to religion powers, which can also be associated with identity as well as affect a student’s 

agency over their own beliefs or expression. Other examples were “…extremely praise-worthy, 

typical indian [sic] household mindset” as well as “Science is big in my community, especially 
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agricultural science”. While the latter two example do not necessarily represent a negative view 

on science, there are elements of IAP shown in that a community as a whole, that represents 

certain feelings and attitudes toward a subject can have unintended consequences of power 

assertion. 

Responses to the questions in the sociocultural experiences section of the survey “How 

was education viewed in your household and/or community?” and “What are your views on 

education?” resulted in a total of 31 instances of IAP. Instances if IAP were recognized in 

responses such as “Self led [sic] education...Bible study” and “...schools indoctrinate kids into 

being gay/liberal/etc. I do not believe them”. While these showed very clear instances of IAP 

that perpetuate oppression and harm, there are also less innocuous responses such as “top 

priority”, “Very important to pursue in order to gain better opportunities for oneself”, and 

“Highly sought after”. Pressure and ideas of success based on education alone can also 

perpetuate harmful believes and practices, especially given the influence of educational 

institutions and the ever-increasing pressure to be successful in ways that seemingly align solely 

with Eurocentric ways of recognizing success. These examples showed that there was a presence 

of IAP, however, it is unclear as to whether the participants recognized the potential influences 

that they were describing in most instances. 

 The science literacy assessment open-ended responses (N = 325) were evaluated slightly 

differently, as the question prompt did not ask specifically about participant views, experiences, 

or perceptions, but simply why they answered a science literacy question the way that they did. 

Responses that contained language that could be related to the participant identifying instances 

of IAP within the science literacy questions themselves were identified and separated out for 

further analysis. Responses were then meticulously evaluated against the science literacy 
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question itself to ensure the response was flagged appropriately for IAP.  There were 56 instances 

of IAP identified in participant responses. Examples of words and phrases which were identified 

as being associated with IAP were when participants pointed out potential bias due to political 

affiliation, corruption, or religion.  

It is important to remember that science funding, education, and research is not immune 

to pressures from systems of power. Just as it is important for researchers to identify and critique 

systems of power and oppression, it should also be considered and an important skill for students 

to be able to recognize these as well (Catalano & Waugh, 2020). Recognition of instances of IAP 

in play within real-world situations could be a valuable tool to help combat mis-and 

disinformation (Igwebuike & Chimuanya, 2021). 

Implications for Future Research 

 Findings from this research lay the groundwork for future studies into how sociocultural 

experiences influence science literacy. Additionally, findings from areas of strengths and 

weaknesses in responses can help guide science educators in areas within science education that 

could use greater attention. Relationships were identified among multiple sociocultural factors 

and science literacy outcomes. In this study, those factors were identified as gender, sexual 

orientation, religious affiliation, type of school attended, and involvement in extra-curricular 

activities. Studies that employ a greater qualitative approach to the identified relationships could 

expand our understandings of the nuanced influences that play a role in how our students make 

meaning of scientific knowledge. Further research that includes more collaborative methods with 

participants involved, such as interviews, follow-up questions, and/or inviting the participant to 

work with the researcher in the analysis phase could ensure a more complete representation of 
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participant responses and lead to a deeper understanding of the nuances of sociocultural 

experiences.  

Due to the limitations of this research, strong associations were unable to be identified. It 

could be argued that by employing the methods described within this research to a larger, more 

diverse sample group, stronger associations between sociocultural factors and science literacy 

could emerge. Furthermore, initial findings of this study could guide researchers to employ 

purposeful sampling methods and more thoroughly investigate the sociocultural factors that were 

identified to be in relation to science literacy outcomes. 

Limitations of this Research 

 Limitations of this research include that data was only collected at single public 

university in one region of the United States. The pool of potential participants may have had 

similar upbringings and backgrounds based on where they decided to attend college due to 

location, admission, and/or convenience, as most students who attend public universities are 

from the same state in which the university is located. Employing this research at multiple 

different universities across the United States could garner greater insight into sociocultural 

factors that could influence science literacy.  

This study was also limited in size in that it only had 41 participants who completed the 

entire survey. A larger sample size could provide a richer data set with which to answer the 

questions posed in this study. Additionally, as the survey deployed was anonymous, there was no 

way to follow-up with the participants to ask deeper probing questions in regard to their 

responses, or to follow-up to can clarity and confirmation of how their results were interpreted. 

Lastly, this research was limited to a single point in time in the students’ academic career, as only 
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traditional first-year students were eligible to participate in this research. A longitudinal study of 

participants over time as their college journey continues could lend itself to identifying if shifts 

from household influences on students’ attitudes toward science and education to a greater 

influence from the surrounding community occur over time, or how the knowledge gained in 

post-secondary school contributed to their science literacy.  

Conclusion 

 This research provided evidence that while there was one moderate relationship area 

identified between previous science experiences and science literacy outcomes, there were a 

greater number of relationships identified between sociocultural factors and science literacy. 

Findings from this research indicate that influences that affect the science literacy of our students 

are not solely based on classroom learning. Social and cultural factors such as gender, sexual 

orientation, religion, type of school the student attended, and involvement in extracurricular 

activities were found to correlate to science literacy outcomes. However, due to the small sample 

size and limited nature of this study, care should be taken not to generalize these results to a 

greater population. Furthermore, instances of identity, agency, and power at both the micro-

relational and the macro-relational level were identified within participants responses. Systems 

of power may have differing influences and impact depending on geographical location, 

socioeconomic status, or other things related to persons’ position of privilege. Findings from the 

critical analysis within should not be used as a blanket critique of the systems within which 

participants operate. Follow-up studies should be accomplished in order to further explore the 

impact of  these findings. 
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APPENDIX A 

Student Survey of Sociocultural Experience and Science Literacy 

Sociocultural Experiences & Science Literacy 

 

 

Start of Block: Demographics 

Demographics Q1 Would you like to be involved in research at the Central University?  I am 

kristen shelton, a doctoral candidate from the Department of Instructional Leadership and 

Academic Curriculum. I invite you to participate in my research project entitled Assessing the 

Impact of Sociocultural Experience on Science Literacy Among First Year College Students. 

This research is being conducted at the Central University via an online survey. You were 

selected as a possible participant because you are a Central University student and may be or 

have been enrolled in a 1000-level introductory science course at the Central University during 

the 2022-2023 or 2023-2024 academic year. You must be at least 18 years of age to participate in 

this study.  Please read this document and contact me to ask any questions that you may have 

BEFORE agreeing to take part in my research.  What is the purpose of this research? The 

purpose of this research is to evaluate past science experiences, sociocultural experiences, 

student perspective and science literacy among first year college. We want to know how your 

previous experiences and sociocultural background influenced your relationship with science and 

scientific information.  How many participants will be in this research? About 350 people will 

take part in this research.  What will I be asked to do? If you agree to be in this research, you will 

need to follow the Qualtrics survey link sent to you and complete the survey. All responses are 

anonymous and there is no identifiable information in the survey or data to be collected.  How 

long will this take? Your participation will take approximately thirty (30) minutes.  What are the 

risks and/or benefits if I participate? There are no risks and no benefits from being in this 

research.  Will I be compensated for participating? You will not be reimbursed for your time and 

participation in this research.  Who will see my information? In research reports, there will be no 

information that will make it possible to identify you. Research records will be stored securely, 

and only approved researchers and the OU Institutional Review Board will have access to the 

records.  Data are collected via an online survey system that has its own privacy and security 

policies for keeping your information confidential. Please note no assurance can be made as to 

the use of the data you provide for purposes other than this research.  What will happen to my 

data in the future?  After removing all identifiers, we might share your data with other 

researchers or use it in future research without obtaining additional consent from you.  Do I have 

to participate? No. If you do not participate, you will not be penalized or lose benefits or services 

unrelated to the research. If you decide to participate, you do not have to answer any question 

and can stop participating at any time.  Who do I contact with questions, concerns, or 

complaints? If you have questions, concerns or complaints about the research or have 

experienced a research-related injury, contact me via email at kristen.k.shelton-1@ou.edu.  You 
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can also contact the Central University – Norman Campus Institutional Review Board (OU-NC 

IRB) at 405-325-8110 or irb@ou.edu if you have questions about your rights as a research 

participant, concerns, or complaints about the research and wish to talk to someone other than 

the researcher(s) or if you cannot reach the researcher(s).  Please print this document for your 

records. By providing information to the researcher(s), I agree to participate in this research.                 

This research has been approved by the Central University. 

IRB.  IRB Number: _15653__                        Approval date: _02/24/2023_ 

o Yes, I consent to participating in this research  (1)  

o No, I do not consent to participating in this research  (2)  

 

Skip To: End of Survey If Would you like to be involved in research at the Central University? I 

am kristen shelton, a... = No, I do not consent to participating in this research 

 

 

Demographics Q2 Are you within your first year of college? 

o Yes  (1)  

o No  (2)  

 

Skip To: End of Survey If Are you within your first year of college? = No 

 

 

Demographics Q3 What is your age range? 

o 18-22  (1)  

o 22 or older  (2)  

 

Skip To: End of Survey If What is your age range? = 22 or older 
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Demographics Q4 Are you currently enrolled in a 1000-level introductory science course (Spring 

2023) or were you enrolled in a 1000-level introductory science course last semester (Fall 

2022/Fall 2023)? 

o Yes, currently (Spring 2023)  (1)  

o Yes, previously (Fall 2022/Fall 2023)  (2)  

o No  (3)  

 

 

Demographics Q4a Which 1000-level or 2000-level introductory science course(s) are/were your 

enrolled in during Fall 2022, Spring 2023, or Fall 2023? 

 

 

Demographics Q5 What is your intended major field of study? 

o Science  (1)  

o Technology, Engineering, or Math (TEM)  (2)  

o Non-Science/Non-STEM  (3)  

o Have not yet chosen a major  (4)  
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Demographics Q6 What is your race? (choose all that apply) 

▢ Native American or Alaskan Native  (1)  

▢ Asian  (2)  

▢ Black or African American  (3)  

▢ Native Hawaiian or Other Pacific Islander  (4)  

▢ White  (5)  

▢ Some other race, ethnicity, or origin  (6)  

▢ Prefer to self-describe  (7)  

▢ Prefer not to say  (8)  
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Demographics Q7 What is your ethnicity? (choose all that apply) 

Are you of Hispanic, Latino/a/x, or of Spanish origin? (one or more categories may be selected) 

 

▢ No, not of Hispanic, Latino/a/x, or of Spanish origin  (1)  

▢ Yes, Mexican American, Chicano/a/x  (2)  

▢ Yes, Puerto Rican  (3)  

▢ Yes, Cuban  (4)  

▢ Yes, Another Hispanic, Latino/a/x, or Spanish origin  (5)  

▢ Some other race, ethnicity, or origin  (6)  

▢ Prefer to self-describe  (7)  

▢ Prefer not to say  (8)  

 

 

Demographics Q7 What is your nationality? 

 

 

Demographics Q8 What is your gender identity? 

o Male  (1)  

o Female  (2)  

o Non-binary / third gender  (3)  

o Transgender  (4)  

o Prefer to self-describe  (5)  

o Prefer not to say  (6)  
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Demographics Q9 What is your sexual orientation? 

o Straight/Heterosexual  (1)  

o Gay or Lesbian  (2)  

o Bisexual  (3)  

o Pansexual  (4)  

o Asexual  (5)  

o Prefer to self-describe  (6)  

o Prefer not to say  (7)  

 

 

 

Demographics Q10 What is your political affiliation? 

o Not Political  (1)  

o Republican  (2)  

o Democrat  (3)  

o Libertarian  (4)  

o Independent  (5)  

o Prefer to self-describe  (6)  

o Prefer not to say  (7)  
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Demographic Q11 How do you identify your physical ability? 

o Disabled  (1)  

o Able-bodied  (2)  

o Prefer to self-describe  (3)  

o Prefer not to say  (4)  

 

End of Block: Demographics 
 

Start of Block: Science Experiences 

 

Science Exp Q1 Do you consider yourself a science-person? 

o Yes  (1)  

o No  (2)  

o Do not know  (3)  

 

 

 

Science Exp Q2 How many science courses did you take in high school/secondary school 

(grades 9-12)? 

o 1-2  (1)  

o 3-4  (2)  

o 5-6  (3)  

o 7 or more  (4)  
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Science Exp Q3 Would you consider yourself to have been an active participant in your previous 

science course? (e.g., often engaging in discussion, asking questions in class, etc.) 

o Yes, frequently  (1)  

o Yes, occasionally  (2)  

o Yes, rarely  (3)  

o No, never  (4)  

 

 

 

Science Exp Q4 How would you rank your previous science experiences? (0=poor; 5=mediocre; 

10=excellent) 

 Not Applicable 

 

 0 1 2 3 4 5 6 7 8 9 10 

 

High School (9-12) () 
 

Middle School/Mid-High (6-8) () 
 

Elementary School (K-5) () 
 

 

 

 

 

Science Exp Q5 How engaging did you find your previous science classes? (0=Not at all 

engaging; 10=Very engaging) 

 Not Applicable 

 

 0 1 2 3 4 5 6 7 8 9 10 
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High School (9-12) () 
 

Middle School/Mid-High (6-8) () 
 

Elementary School (K-5) () 
 

 

 

 

 

Science Exp Q6 Do you feel your previous science courses fostered creativity? 

o Yes  (1)  

o No  (2)  

o Do not know  (3)  

 

 

 

Science Exp Q7 Do you feel like critical thinking was valued in your previous science 

experiences? 

o Yes  (1)  

o No  (2)  

o Do not know  (3)  
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Science Exp Q8 Have you ever had a negative experience while discussing scientific topics (in 

or outside of school)? 

o No  (1)  

o Yes  (2)  

o Do not know  (3)  

 

 

 

Science Exp Q9 In your experience, what was the attitude toward science in your household? 

________________________________________________________________ 

 

 

 

Science Exp Q10 In your experience, what was the attitude toward science in your community? 

________________________________________________________________ 

 

 

 

Science Exp Q11 To what extent do you perceive that your household's or community's attitude 

toward science influenced your attitude toward science? (0=No influence at all; 100=Very 

influential) 

 0 10 20 30 40 50 60 70 80 90 100 

 

Influence on your attitude toward science () 
 

 

 

End of Block: Science Experiences 
 

Start of Block: Sociocultural Experience 
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Sociocultural Q1 What is your religious affiliation? (choose all that apply) 

▢ Judaism  (1)  

▢ Islam  (2)  

▢ Christianity  (3)  

▢ Hinduism  (4)  

▢ Jainism  (5)  

▢ Buddhist  (6)  

▢ Baha'i  (7)  

▢ Confucianism  (8)  

▢ Shinto  (9)  

▢ Sikhism  (10)  

▢ Taoism  (11)  

▢ Zoroastrianism  (12)  

▢ Atheist/Agnostic  (13)  

▢ A religion not listed  (14)  

▢ Prefer to self-describe  (15)  

▢ Prefer not to say  (16)  
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Sociocultural Q2 How many languages were spoken in your household? 

o 1  (1)  

o 2  (2)  

o 3 or more  (3)  

 

 

 

Sociocultural Q3 Did you grow up in a multigenerational household? 

o Yes  (1)  

o No  (2)  

o Do not know  (3)  

o Prefer not to say  (4)  

 

 

 

Sociocultural Q4 In what type of community did you grow up? (choose all that apply) 

▢ Rural  (1)  

▢ Suburban  (2)  

▢ City  (3)  
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Sociocultural Q5 What was the highest level of education in the household in which you grew 

up? 

o Middle school  (1)  

o Some high school  (2)  

o High school (diploma or GED)  (3)  

o Some college  (4)  

o Bachelor's degree  (5)  

o Graduate or professional degree  (6)  

o Do not know  (7)  

o Prefer not to say  (8)  

 

 

 

Sociocultural Q6 Before attending college, were you and/or your family involved in community 

activities? 

o Yes, both myself and my family  (1)  

o Yes, just me  (2)  

o Yes, just my family  (3)  

o No  (4)  

o Prefer not to say  (5)  
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Sociocultural Q7 In what type of community did you attend school? (choose all that apply) 

▢ Rural  (1)  

▢ Suburban  (2)  

▢ City  (3)  

 

 

 

Sociocultural Q8 What type of school(s) did you attend? (choose all that apply) 

▢ Traditional public school  (1)  

▢ Public charter school  (2)  

▢ Public magnet school  (3)  

▢ Private school  (4)  

▢ Online academy  (5)  

▢ Homeschool  (6)  

▢ Learning pod  (7)  

▢ Prefer not to say  (8)  
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Sociocultural Q9 Before attending college, were you involved in extra-curricular activities such 

as sports or clubs? 

o Yes, a lot  (1)  

o Yes, a few  (2)  

o No  (3)  

o Prefer not to say  (4)  

 

 

 

Sociocultural Q10 Before attending college, did you have household responsibilities such as 

chores or caretaking? (choose all that apply) 

▢ Yes, household chores  (1)  

▢ Yes, caretaking  (2)  

▢ Yes, responsibilities other than household chores or caretaking  (3)  

▢ No household chores or caretaking responsibilities  (4)  

▢ Prefer not to say  (5)  

 

 

 

Sociocultural Q11 How was education viewed in your household and/or community? 

________________________________________________________________ 

 

 

 

Sociocultural Q12 What are your views on education? 

________________________________________________________________ 
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End of Block: Sociocultural Experience 
 

Start of Block: Science Literacy 

 

Science Literacy Q1 Which of the following is a valid scientific argument? 

o Measurements of sea level on the Gulf Coast taken this year are lower than normal; the 

average monthly measurements were almost 0.1 cm lower than normal in some areas. These 

facts prove that sea level rise is not a problem.  (1)  

o A strain of mice was genetically engineered to lack a certain gene, and the mice were 

unable to reproduce. Introduction of the gene back into the mutant mice restored their ability 

to reproduce. These facts indicate that the gene is essential for mouse reproduction.  (2)  

o A poll revealed that 34% of Americans believe that dinosaurs and early humans co-

existed because fossil footprints of each species were found in the same location. This 

widespread belief is appropriate evidence to support the claim that humans did not evolve 

from ape ancestors.  (3)  

o This winter, the northeastern US received record amounts of snowfall, and the average 

monthly temperatures were more than 2°F lower than normal in some areas. These facts 

indicate that climate change is occurring.  (4)  

 

 

Science Literacy Q1a Briefly explain why selected your answer to Science Literacy Question 1. 

 

 

 

Science Literacy Q2 Use the excerpt below (modified from a recent news report on 

MSNBC.com) for this question.  

 “A recent study, following more than 2,500 New Yorkers for 9+ years, found that people who 

drank diet soda every day had a 61% higher risk of vascular events, including stroke and heart 

attack, compared to those who avoided diet drinks. For this study, Hannah Gardner’s research 

team randomly surveyed 2,564 New Yorkers about their eating behaviors, exercise habits, as well 

as cigarette and alcohol consumption. Participants were also given physical check-ups, including 

blood pressure measurements and blood tests for cholesterol and other factors that might affect 

the risk for heart attack and stroke. The increased likelihood of vascular events remained even 

after Gardener and her colleagues accounted for risk factors, such as smoking, high blood 

pressure and high cholesterol levels. The researchers found no increased risk among people who 

drank regular soda.”  
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The excerpt above comes from what type of source of information?  

 

o Primary (Research studies performed, written and then submitted for peer-review to a 

scientific journal.)  (1)  

o Secondary (Reviews of several research studies written up as a summary article with 

references that are submitted to a scientific journal.)  (2)  

o Tertiary (Media reports, encyclopedia entries or documents published by government 

agencies.)  (3)  

o None of the above  (4)  

 

 

Science Literacy Q2a Briefly explain why selected your answer to Science Literacy Question 2. 

 

 

 

Science Literacy Q3 Which of the following actions is a valid scientific course of action? 

o A government agency relies heavily on two industry-funded studies in declaring a 

chemical found in plastics safe for humans, while ignoring studies linking the chemical with 

adverse health effects.  (1)  

o Journalists give equal credibility to both sides of a scientific story, even though one side 

has been disproven by many experiments.  (2)  

o A government agency decides to alter public health messages about breast-feeding in 

response to pressure from a council of businesses involved in manufacturing infant formula.  

(3)  

o Several research studies have found a new drug to be effective for treating the symptoms 

of autism; however, a government agency refuses to approve the drug until long term effects 

are known.  (4)  

 

 

Science Literacy Q3a Briefly explain why selected your answer to Science Literacy Question 3. 
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Science Literacy Q4 Which of the following research studies is least likely to contain a 

confounding factor (variable that provides an alternative explanation for results) in its design? 

o Researchers randomly assign participants to experimental and control groups. Females 

make up 35% of the experimental group and 75% of the control group.  (1)  

o To explore trends in the spiritual/religious beliefs of students attending U.S. universities, 

researchers survey a random selection of 500 freshmen at a small private university in the 

South.  (2)  

o To evaluate the effect of a new diet program, researchers compare weight loss between 

participants randomly assigned to treatment (diet) and control (no diet) groups, while 

controlling for average daily exercise and pre-diet weight.  (3)  

o Researchers tested the effectiveness of a new tree fertilizer on 10,000 saplings. Saplings 

in the control group (no fertilizer) were tested in the fall, whereas the treatment group 

(fertilizer) were tested the following spring.  (4)  

 

 

Science Literacy Q4a Briefly explain why selected your answer to Science Literacy Question 4. 

 

 

 

Science Literacy Q5 While growing vegetables in your backyard, you noticed a particular kind of 

insect eating your plants. You took a rough count (see data below) of the insect population over 

time. Which graph shows the best representation of your data? 
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o A  (1)  

o B  (2)  

o C  (3)  

o D  (4)  

 

 

 

Science Literacy Q6 A gene test shows promising results in providing early detection for colon 

cancer. However, 5% of all test results are falsely positive; that is, results indicate that cancer is 
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present when the patient is, in fact, cancer-free. Given this false positive rate, how many people 

out of 10,000 would have a false positive result and be alarmed unnecessarily?  

o 5  (1)  

o 35  (2)  

o 50  (3)  

o 500  (4)  

 

 

 

Science Literacy Q7 Why do researchers use statistics to draw conclusions about their data? 

o Researchers usually collect data (information) about everyone/everything in the 

population.  (1)  

o The public is easily persuaded by numbers and statistics.  (2)  

o The true answers to researchers’ questions can only be revealed through statistical 

analyses.  (3)  

o Researchers are making inferences about a population using estimates from a smaller 

sample.  (4)  

 

 

 

Science Literacy Q8 Creators of the Shake Weight, a moving dumbbell, claim that their product 

can produce “incredible strength!”  Which of the additional information below would provide the 
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strongest evidence supporting the effectiveness of the Shake Weight for increasing muscle 

strength? 

o Survey data indicates that on average, users of the Shake Weight report working out with 

the product 6 days per week, whereas users of standard dumbbells report working out 3 days 

per week.  (1)  

o Compared to a resting state, users of the Shake Weight had a 300% increase in blood flow 

to their muscles when using the product.  (2)  

o Survey data indicates that users of the Shake Weight reported significantly greater muscle 

tone compared to users of standard dumbbells.  (3)  

o Compared to users of standard dumbbells, users of the Shake Weight were able to lift 

weights that were significantly heavier at the end of an 8-week trial.  (4)  

 

 

Science Literacy Q8a Briefly explain why selected your answer to Science Literacy Question 8. 

 

 

 

Science Literacy Q9 Background for question: A videogame enthusiast argued that playing 

violent video games (e.g., Doom, Grand Theft Auto) does not cause increases in violent crimes 

as critics often claim. To support his argument, he presents the graph below. He points out that 

the rate of violent crimes has decreased dramatically, beginning around the time the first 

“moderately violent” video game, Doom, was introduced. 
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   Considering the information presented in this graph, what is the most critical flaw in the 

blogger’s argument? 

o Violent crime rates appear to increase slightly after the introduction of the Intellivision 

and SNES game systems.  (1)  

o The graph does not show violent crime rates for children under the age of 12, so results 

are biased.  (2)  

o The decreasing trend in violent crime rates may be caused by something other than 

violent video games.  (3)  

o The graph only shows data up to 2003. More current data are needed.  (4)  

 

 

 

Science Literacy Q10 Background for question: The following graph appeared in a scientific 

article1 about the effects of pesticides on tadpoles in their natural environment. 



 

206 

  
 When beetles were introduced as predators to the Leopard frog tadpoles, and the pesticide 

Malathion was added, the results were unusual.  Which of the following is a plausible hypothesis 

to explain these results? 

o The Malathion killed the tadpoles, causing the beetles to be hungrier and eat more 

tadpoles.  (1)  

o The Malathion killed the tadpoles, so the beetles had more food and their population 

increased.  (2)  

o The Malathion killed the beetles, causing fewer tadpoles to be eaten.  (3)  

o The Malathion killed the beetles, causing the tadpole population to prey on each other.  

(4)  
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Science Literacy Q11 The most important factor influencing you to categorize a research article 

as trustworthy science is: 

o the presence of data or graphs  (1)  

o the article was evaluated by unbiased third-party experts  (2)  

o the reputation of the researchers  (3)  

o the publisher of the article  (4)  

 

 

Science Literacy Q11a Briefly explain why selected your answer to Science Literacy Question 

11. 

 

 

 

Science Literacy Q12 Which of the following is not an example of an appropriate use of 

science?  

o A group of scientists who were asked to review grant proposals based their funding 

recommendations on the researcher’s experience, project plans, and preliminary data from 

the research proposals submitted.  (1)  

o Scientists are selected to help conduct a government-sponsored research study on global 

climate change based on their political beliefs.  (2)  

o The Fish & Wildlife Service reviews its list of protected and endangered species in 

response to new research findings.  (3)  

o The Senate stops funding a widely used sex-education program after studies show limited 

effectiveness of the program.  (4)  

 

 

Science Literacy Q12a Briefly explain why selected your answer to Science Literacy Question 

12. 
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Science Literacy Q13 A researcher hypothesizes that immunizations containing traces of mercury 

do not cause autism in children. Which of the following data provides the strongest test of this 

hypothesis? 

o a count of the number of children who were immunized and have autism  (1)  

o yearly screening data on autism symptoms for immunized and non-immunized children 

from birth to age 12  (2)  

o mean (average) rate of autism for children born in the United States  (3)  

o mean (average) blood mercury concentration in children with autism  (4)  

 

 

Science Literacy Q13a Briefly explain why selected your answer to Science Literacy Question 

13. 

 

 

 

Science Literacy Q14 Background for question: Researchers interested in the relation between 

River Shrimp (Macrobrachium) abundance and pool site elevation, presented the data in the 
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graph below. Interestingly, the researchers also noted that water pools tended to be shallower at 

higher elevations. 

 
   

 Which of the following is a plausible hypothesis to explain the results presented in the graph? 

 

o There are more water pools at elevations above 340 meters because it rains more 

frequently in higher elevations.  (1)  

o River shrimps are more abundant in lower elevations because pools at these sites tend to 

be deeper.  (2)  

o This graph cannot be interpreted due to an outlying data point.  (3)  

o  As elevation increases, shrimp abundance increases because they have fewer predators at 

higher elevations.  (4)  

 

End of Block: Science Literacy 
 

 

 

 

 


