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ABSTRACT
THE RELATIONSHIP BETWEEN SCIENTIFIC LITERACY AND SCIENCE
SELF-EFFICACY OF UNDERGRADUATES ENROLLED IN SELECT
BIOLOGY CLASSES

Faryal Shaukat
University of Houston-Clear Lake, 2021

Dissertation Chair: Omah M. Williams-Duncan, Ph.D.

Scientific literacy and science self-efficacy have both been the focus of calls from
educators and policymakers emphasizing the need to improve and reinforce them in order
to improve science education. This study is aimed at examining the relationship between
science self-efficacy and scientific literacy, two critical components of science education,
to better understand specific correlations between the two. A correlation research design
was employed to examine the relationship between undergraduate student science self-
efficacy and scientific literacy. The researcher solicited a purposeful sample of students
self-enrolled in various Biology courses from a large suburban public university to
complete the SELDS and the TOSLS assessment in one sitting. Data were collected
through online administration of the SELDS and TOSLS instruments through Qualtrics.
Quantitative data were analyzed using descriptive statistics, Pearson’s product-moment
correlations, and Structural Equation Modeling (SEM). An analysis of the results of this
study presented a statistically significant relationship between science self-efficacy and
scientific literacy as well as between several specific components of science self-efficacy

and scientific literacy. Another statistically significant relationship in this study was

Vi



between self-efficacy for learning and understanding science topics and students" ability
to understand methods of inquiry to develop scientific knowledge. The results of the
study can be beneficial to educators working with undergraduate students to help
determine or develop their science literacy and science self-efficacy. Furthermore, they
can be an important factor in the way that professors curate the learning experience for
their students based on their science self-efficacy, self-efficacy to learning, and science
literacy. The results of this study can be used to create a study on a larger scale to
determine if the outcome was related to the narrow demographics of the participants. It is
recommended to conduct this study on a larger scale, expanding to K-12 to develop a
better understanding of the dynamics between components of science self-efficacy and

scientific literacy.
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CHAPTER I:
INTRODUCTION

Science, Technology, Engineering and Mathematics (STEM) education is essential in
education today to provide our students with the knowledge and skills they will need to become
the innovators of tomorrow (Strimel, 2013). The importance of STEM education is evident in
developing STEM educational program reforms to prepare students to pursue careers in the
STEM fields, along with fostering inquiry, collaboration, and logical reasoning in developing
learners (Jang, 2016). The current STEM workforce will hinder the ability of the US to compete
in a global economy; the global economy is becoming more scientifically and technology based,
and we lack domestic STEM talent (National Academy of Sciences, 2007). The US Department
of Commerce (2017) reports that as the STEM employment pipeline continues to grow faster
than ever, employers are in search of scientifically literate individuals to fill it. The National
Academy of Sciences (1996) defines Scientific 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. 33). The National Science Board (NSB;
2018) and The White House (2017) have both stated that scientific literacy is essential to the
youth of America. If the youth of today are to succeed as the workforce of tomorrow, it is
essential for them to be scientifically literate (NSB, 2018; The White House, 2017).

Despite the need for STEM graduates, research suggests there is less interest in STEM
fields among students (Holmes, 2017; PCAST, 2010). The President’s Council (2010) states that
students become uninspired to continue in science and mathematics education because many
determine early in their educational careers that STEM majors are either too difficult or
uninteresting. Students declining interest in science or pursuing STEM majors has been
attributed to students failing to “see” themselves in STEM, leading to an inability to engage in
science (Carlone et al., 2014; Simpson & Bouhafa, 2020). Considering the significant role both

science self-efficacy and scientific literacy play in shaping a competitive STEM force, this study



is intended to examine the deeper underlying relationship between scientific literacy and student
science self-efficacy in undergraduate students. This chapter will describe the research problem
in the study, the significance of the study, the research purpose and questions, and give
definitions of key terms.
Research Problem

There have been multiple calls for reform in science education based on growing
concerns about the significantly poor performance seen on international science exams by United
States students (Auerbach, 2017; Sparks, 2016), the lack of public understanding of science
(Llorente, 2019), and the scientific educational background of our scientist pipeline (Aikenhead,
2005; Mcdonald, 2020). The Smithsonian Institute has also emphasized the poor performance of
students in the United States and urged academic institutions to understand the need to promote
scientific literacy by sharing findings from the Programme for International Student Assessment
(PISA),

“The United States placed 17th on the 2006 Programme for

International Student Assessment test given to 15-year-olds in the

World’s 30th wealthiest nations to measure their ability to apply

Math and science knowledge in real-life contexts” (Clough, 2011).
The NSB (2018) maintains that scientific literacy is essential for success in the 21st century. The
National Academies of Sciences Engineering and Medicine (2018b) also highlight the benefits of
promoting scientific literacy in their publication as a means to improve individual economic
means, decision making, and the overall democratic society that is able to make educated and
informed decisions. The importance of scientific literacy is also made apparent in its highlighted
role among multiple standards-based educational reforms by the National Science Education
Standards (NSES) and Next Generation Science Standards (NGSS; Auerbach, 2017; NGSS Lead
States, 2013).

The National Center for Education Statistics (2011) reports that despite the numerous

policies, funding, and programs aimed to improve STEM, science achievement remains low. A
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majority of the attention that has been paid to STEM has focused on improving the science and
math test performance of students to retain a global position in these subjects. However,
Farrington et al. (2012) suggest that more attention also needs to be paid to analyzing the
relationship between student achievement and noncognitive factors such as student self-efficacy
and their expectations of success in any particular subject area. Self-efficacy can be a strong
predictor of academic achievement and persistence (Britner & Pajares, 2006; Chemers et al.,
2011; Fouad & Smith, 1996; Graham et al., 2013; Mau, 2003; Pajares, 1997).

According to Britner and Pajares (2006), self-efficacy can also determine how hard a
student will work and whether they will persevere to succeed academically. In an examination of
factors that may influence a student’s academic choices, science educators and researchers
indicated science self-efficacy to be a major influence, not only on their science choices but also
on their experiences and success in science (Britner & Pajares, 2006). Multiple research studies
have been conducted focusing on student STEM coursework to determine student engagement
(Britner, 2008; Eccles & Wang, 2016; Murphy & Alexander, 2000; Nolen, 2003; Simpkins et al.,
2006; Velayutham et al., 2012). Despite the amount of emphasis and money being poured into
STEM education and motivation, studies still show that middle and high school students
continue to find science and math to be boring and unenjoyable (Ahmed et al., 2013; Gottfried et
al., 2001; Hidi, 2000, Krapp, 2002).

Scientific literacy involves students being capable of processing information for
application, pulling on their prior experiences, evaluating their understanding in order to make
choices in determining relative importance and in making inferences (Sharma, 2017). It is
evident science self-efficacy plays an important role in scientific literacy. Clinger (2014)
highlights that scientific literacy goes beyond reading to practicing problem-solving, which truly
encompasses the meaning of being a scientist. The practice of problem-solving and other skills
believed to be critical components of scientific literacy all interconnect with academic choices
and prior experiences; therefore, with science self-efficacy. While multiple studies have analyzed

science self-efficacy and scientific literacy separately, there appears to be a gap in the research
3



where analysis of the relationship between science self-efficacy and scientific literacy in students
could yield unique results. This study will analyze the deeper interwoven relationship between
scientific literacy and science self-efficacy to advance the literature on the relationship between
these components in STEM.

Significance of the Study

One of the biggest issues faced by the United States in this decade is the lack of STEM
innovators (Brown et al., 2016). Even though most of the innovations of the future are dependent
on STEM majors, there is a significant shortage of graduates in these fields (Rice et al., 2013).
The National Math and Science Initiative (NMSI; n.d.) states that due to our students falling
significantly behind other countries, the United States is losing its competitiveness in the global
economy.

Educating students to become more literate in the area of science is the best way to
strengthen our nation in the global economy and advance our society, according to the
President’s Council (2010). However, science performance for students in the United States has
declined considerably from where it was fifty years ago (NAEP, 2015a; OECD, 2019).
Numerous attempts have been made to improve student performance in STEM through increased
federal and state funding (Cornell Law School, 2020; NCLB, 2002, 2018), development and
adoption of inquiry emphasized curriculum (AAAS, 1990; NRC, 2013), increasing the number
of science classes in high school graduation requirements (Plunk et al., 2014). Yet, even with all
of the interventions, there has been very little growth in student proficiency in science (NAEP,
20154a).

Increasing science literacy has the potential to significantly increase the number of STEM
literate qualified science and engineering workers the United States needs to sustain our
economy (National Academy of Science, 2007). This is evident in the recent renewal of interest
in scientific literacy as seen in the increase of academic literature on defining scientific literacy
(Aubrecht, 2020; Feinstein, 2011; Ristanto & Darmawan, 2020; Smith et al., 2015), measuring

scientific literacy (Gormally et al., 2012; Nuhfer et al., 2016; OECD, 2016; Shaffer et al., 2019),
4



and most importantly designing interventions that can improve scientific literacy (Auerbach &
Schussler, 2017; Foster & Shiel-Rolle, 2011; Kleintjes Neff et al., 2017; Suwono et al., 2019).

The results of this study can be beneficial to curriculum developers and intervention
specialists by clarifying the interwoven relationships between scientific literacy and science self-
efficacy. A better understanding of the deeper significant relationships between science self-
efficacy and scientific literacy skills can be beneficial in improving student success and closing
achievement gaps by designing targeted interventions (ESSA, 2015). The results of this study
can also benefit students by helping them develop a better understanding of their own self-
efficacy factors and how those factors relate to their scientific literacy skills. According to
George (2006), improving student scientific literacy has been linked to increased participation
and success in science. Therefore, by helping to improve scientific literacy, this study can also
help to increase student participation and success in science, thereby improving the STEM force
in the United States (ESSA, 2015). The results of this study can also benefit students by helping
them develop a better understanding of their own self-efficacy factors and how those factors
relate to their scientific literacy skills. According to George (2006), improving student scientific
literacy has been linked to increased participation and success in science. Therefore, by helping
to improve scientific literacy, this study can also help to increase student participation and
success in science, thereby improving the STEM force in the United States.

Research Purpose and Questions

The purpose of this study is to analyze the relationship between scientific literacy and
science self-efficacy in undergraduate students enrolled in science courses, also shown in Figure
1.1 below. The research questions for this study are as follows:

1. s there a statistically significant relationship between science self-efficacy and

scientific literacy?
2. s there a statistically significant relationship between self-efficacy for learning and

understanding science topics and student ability to understand methods of inquiry?



3. Isthere a statistically significant relationship between self-efficacy for learning and
understanding science topics and student ability to organize, analyze, and interpret
quantitative data and scientific information?

4. s there a statistically significant relationship between self-efficacy for doing
scientific activities and student ability to understand methods of inquiry?

5. Is there a statistically significant relationship between self-efficacy for doing
scientific activities and student ability to organize, analyze, and interpret quantitative
data and scientific information?

RQ1: Is there a statistically significant relationship between science self-efficacy and scientific literacy?
Self-efficacy for Learning and Doing Science (SELDS) Scale q Test of Scientific Literacy Skills (TOSLS)

RQ2: Is there a statistically significant relationship
Efficacy in ‘

understanding science between self-efficacy for learning and

Identify a valid scientific
argument

topics understanding science topics and understanding /

Efficacy in \
understanding new

science topics quickly

methods of inquiry?

Evaluate the validity of sources

Understand methods /

ﬁ of Inquiry

(TOSLS)

Self-Efficacy for
Learning and
understanding

-~

AN

Evaluate the use and misuse
of scientific information

7

science topics

Efficacy in time to

understand new (SELDS scale) ,esg:r‘:ﬁ‘:;g:fﬁﬁf&ey
science topics impact scientific

findings/conclusions

Efficacy in explaining
science topics to
others

RQ3: Is there a statistically significant . o i .
i ) i RQ4: Is there a statistically significant relationship
relationship between self-efficacy for
learning and understanding science

and the ability to organize, analyze,

between self-efficacy for doing scientific activities
and understanding methods of inquiry?

and interpret quantitative data and

Efficacy in following
instructions for

scientific activities

scientific information? -
Create graphical
representations of data

Read and interpret graphical
representations of data

Efficacy in doing
scientific activities
well

Self-Efficacy for

doing scientific

Organize, analyze, and

ﬁ interpret quantitative

data and scientific

Solve problems using
quantitative skills, including

activities

NN

Efficacy in time to (SELDS scale) information orobability and statistics
understand how 1o do (TOS LS]

seientific sctnities Understand and interpret basic

statistics

Efficacy in explaining L. R ) R

how to do scientific RQS5: Is there a statistically significant relationship between self- Jusiify inferences, predictions,

activities to others efficacy for doing scientific activities and the ability to organize and conclusions based on

¥ e v £ ! quantitative data

analyze, and interpret quantitative data and scientific information?

Figure 1.1 Overview of Research Questions

Definition of Key Terms
Methods of Inquiry: Methods of inquiry in science are the approaches and processes used to

acquire new knowledge, reform, or incorporate previous knowledge (Prunckun, 2016).



Scientific Literacy: “...the knowledge and understanding of scientific concepts and processes
required for personal decision making, participation in civic and cultural affairs, and economic
productivity” (National Academy of Sciences, 1996, p. 33).
STEM: The professional and academic disciplines of science, technology, engineering, and
mathematics (The America Competes ACT of 2010, P.L. 111-358, Section 2).
Self-Efficacy: The beliefs one holds about their ability to accomplish a specific task (Bandura,
1986).
Science Self-Efficacy: The belief about one's ability to accomplish certain tasks related to science
(Britner & Pajares, 2006).
Conclusion

There is a growing national concern about the lack of students pursuing or graduating
with STEM degrees. Many organizations, researchers, and even former President Obama has
addressed this national crisis. A lack of a qualified STEM workforce will mean that the US will
fall further behind in the global economy than it already has (Teitelbaum, 2014). Without STEM
innovators, our economy will falter, and we will face economic hardships (NMSI, n.d.). Despite
the need for a more scientific literate STEM workforce, student performance in scientific literacy
has continued to remain low (NAEP, 2015a). Since scientific literacy, similar to scientific
methods of inquiry, heavily involves prior experience, student choice, and the ability to make
decisions, science self-efficacy plays an important role in scientific literacy (Sharma, 2017). This
study will analyze the deeper interwoven relationships between scientific literacy and science
self-efficacy in undergraduate students to determine the significant role one plays in the other.
Chapter two will provide a discussion of the literature relevant to this topic, including academic

self-efficacy, science self-efficacy, and general and scientific literacy.



CHAPTER II:
LITERATURE REVIEW

Chapter one of this dissertation presented a synopsis of the current challenge of

low scientific literacy and science self-efficacy and the roles they play in STEM
education and how they ultimately contribute to a shortage of qualified STEM workers. In order
to gain a better understanding of why some students develop an interest and persistence in
science while others do not, there is a need for research that looks beyond measurements such as
test scores, which can be superficial. There is a need for research that looks more closely at non-
cognitive factors that can lead students to achieve persistence or resilience in science, such as
their self-efficacy in science (Farrington et al., 2012). Research provides evidence that self-
efficacy can be a strong predictor of achievement and persistence in STEM subject areas such as
math and science (Hackett & Betz, 1989; Lent et al., 1984). Due to stronger motivation and
greater ambitions that come with a higher self-efficacy, higher ambition will also be
demonstrated (Nicolaidou & Philippou, 2003).

This study focuses on the relationship between undergraduate student science self-
efficacy and scientific literacy to develop a better understanding of the underlying relationships
between the two and highlight the impact that different areas of science self-efficacy can have on
specific scientific literacy skills in students. Therefore, this chapter will establish the theoretical
framework for the study and examine some of the existing literature and research on self-
efficacy, science self-efficacy, self-efficacy for learning and doing science, general literacy,
scientific literacy, and measurements of scientific literacy.

Theoretical Framework

The Test of Scientific Literacy Skills (TOSLS), developed by Gormally et al. (2012),
provides a significant part of the framework for this study. Through an extensive literature
search, surveying of faculty, and pinpointing of common challenges for students related to

scientific literacy, Gormally et al. established a total of nine key skills to be necessary for



students’ development of scientific literacy in their tool. The TOSLS provides the framework for
the scientific literacy component of this study. As this study focuses on the relationships between
scientific literacy and student science self-efficacy, this study is also theoretically framed by the
social cognitive theory.

Bandura (1986) defines self-efficacy as how a person judges themselves on their ability
to organize or execute what is needed to achieve a goal. Bandura (1997) further developed his
concept of self-efficacy from the social cognitive theory to elaborate that self-efficacy can be
defined as the perception one holds of their capability for performing or learning actions at
designated levels. Since this study is analyzing scientific literacy through an assessment
(TOSLS) and analyzing its relationships with self-efficacy, it is also important to consider
motivation, achievement, and persistence within the scope of the social cognitive theory.

According to both Bandura (1997) and Schunk (1995), self-efficacy affects students’
efforts, achievement, and persistence. Pajares (1997) further states that self-efficacy can also
increase student interest in the material, which is known to increase their persistence and
achievement. Achievement is directly related to self-efficacy as self-efficacy influences a
person’s behavior (Dibenedetto, 2015). While positive progress and results will lead to increased
self-efficacy, negative responses will lower their self-efficacy (Schunk, 2012). Motivation is also
directly controlled by self-efficacy (Dibenedetto, 2015). One’s aspirations for their goals as well
as what they achieve can be influenced positively if they are faced with positive expectations
(Bandura, 1997). Graham et al. (2013) elaborate on the importance of self-efficacy in STEM
persistence by describing self-efficacy as the powerful influence which can be a predictor of
college persistence in STEM college aspirations for students.

Self-Efficacy

Self-efficacy can be described as the beliefs an individual or group holds about their
ability or capacity in a particular task (Bandura, 2001; Hoy et al., 2006). Many researchers have
established a positive relationship between self-efficacy and higher achievement (Britner, 2008;

Chen et al., 2012; Dibenedetto & Bembenutty, 2013; Pajares, 1996; Zientek & Thompson,
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2010), which, in turn, also establishes a positive relationship with career intent or selection of
academic major (Bandura et al., 2001). According to Bandura (1997), these self-efficacy beliefs
are created from a complex self-persuasion process that relies on the individual’s ability to
process the information they are getting directly, socially, and physiologically about their
efficacy. While in early life, Pastorelli et al. (2001) explain that an individual relies on external
control and environmental influences, and they shift to personal control as they develop a better
understanding of their sense of control and their ability to guide their actions as well as their
personal motivators. Pastorelli et al. (2001) further elaborate these guides, and personal
motivators then become a sense of academic attainment for students as they move into the
academic environment in the classroom.

Banks (2020) notes that interest in self-efficacy and academic performance in literature
can be found beginning in the early 1990s, referred to as academic self-regulation. According to
Banks (2020), early literature defines academic self-regulation as proactively regulating the self-
learning process motivationally, behaviorally, and meta-cognitively. Zimmerman et al. (1992)
described students with academic self-regulation to be those that have a proactive mindset, do
well in learning, and have the capability to self-motivate. According to Zimmerman (1990),
students that were self-regulated learners had a higher self-efficacy that helped them to reach
their goals and overcome academic challenges.

Self-efficacy plays a role in influencing student performance in various ways, including
their efforts in setting goals (Zimmerman et al., 1992). Pastorelli et al. (2001) elaborate that
perceived self-efficacy will affect how much effort an individual will put in and their persistence
when facing difficulties. The level an individual is willing to challenge themselves and how they
perceive their goal acquisition is also influenced by their self-efficacy (Pastorelli et al., 2001).
Therefore, according to Pastorelli et al. (2001), individuals with higher self-efficacy tend to set
goals more challenging for them, and they are able to better regulate their personals efforts to

reach those goals while overcoming any obstacles which may come in their way. Schunk (1995)
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also elaborates that students who show higher academic self-efficacy demonstrate better
persistence and effort in academic performance and learning.

When students have a high self-efficacy in their academic abilities, they use self-
regulatory behaviors to make conscious decisions (Zimmerman & Kitsantas, 2005). Further,
Zimmerman and Kitsantas (2005) maintain that these conscious decisions stemming from their
high self-efficacy help define student identities and reinforce their self-efficacy, thereby creating
a self-empowerment cycle. On the other hand, students with a lower academic self-efficacy tend
to disengage from learning, cope poorly with stress, and do not regulate their learning (Bandura
et al., 1996; Caprara et al., 2008). Maintaining self-efficacy is already a difficult task for many
students, and when external factors such as low teacher expectations are factored in, this can
further damage student self-efficacy (Lynn et al., 2010). Therefore, there is a need to develop
ways to help increase student self-efficacy and self-resilience (Lynn et al., 2010). Pajares (1996,
2002, 2003) states that student self-efficacy influences their attitudes and perceptions of the
subject, which directly impacts their decision for further study in the subject or career goals
within said subject. A strong self-efficacy in science makes students more likely to develop a
positive attitude towards science, leading to higher achievement and probability for a career
consideration (Britner & Pajares, 2006).

Science Self-efficacy

Academic self-efficacy can be further categorized into different academic domains.
Science self-efficacy is considered to be one of those domains (Hallak et al., 2018). According to
research by Gwilliam and Betz (2001), science self-efficacy at the college level is a means to
predict student achievement and their persistence in pursuing science as a major or career. The
current research on science self-efficacy is mostly organized into the different sub-disciplines
within science, where researchers have developed content-specific assessment tools to examine
self-efficacy utilizing knowledge and skillsets within their defined discipline (Dalgety & Coll,
2006; Ferrell & Barbera, 2015; Hiller & Kitsantas, 2016).

11



However, all of the findings from these studies in specific subcategories within science
have conformed to the literature from the varied academic self-efficacy literature - they mirror
the positive relationship between students specific science content efficacy beliefs and their
success in those subjects (Dorfman & Fortus, 2019; Trujillo & Tanner, 2014; Ucar & Sungur,
2017; Villafafie & Lewis, 2016; Zusho et al., 2003). As a whole, science self-efficacy and its
relationship with various other learning elements in science such as the epistemic beliefs and
conceptions of learning science has been at the center of attention in the field of science (e.g.,
Britner & Pajares, 2006; Chen & Pajares, 2010; Chiou & Liang, 2012; Dorfman & Fortus, 2019;
Tsai et al., 2011; White et al., 2019), making science self-efficacy its own domain within
academic self-efficacy (Koballa & Glynn, 2007).

Student self-efficacy in learning science has often been conceptualized at a singular scale
in previous studies (e.g., Glynn et al., 2009; Pintrich & De Groot, 1990; Tuan et al., 2005);
however, using a singular scale may hinder the ability to fully realize student science self-
efficacy. This is also evident in the attempts to develop a more multi-dimensional instrument by
several researchers to better evaluate student science self-efficacy at various levels (Baldwin et
al., 1999; Capa Aydin & Uzuntiryaki, 2009; Uzuntiryaki & Capa Aydin, 2009). Through the
development of these multidimensional instruments, four unique dimensions which better
represent student science self-efficacy have surfaced in the literature: self-efficacy for science
knowledge and comprehension skills, self-efficacy for science-related analytical or problem-
solving skills, self-efficacy for science practical work such as laboratory activities, and self-
efficacy for the applications of science concepts and skills to daily situations (Baldwin et al.,
1999; Capa Aydin & Uzuntiryaki, 2009; Uzuntiryaki & Capa Aydin, 2009). The instrument
selected to measure science self-efficacy in this study, Self-Efficacy for Learning and Doing
Science Scale (SELDS), incorporates both learning and doing within their scale, aligning with
the four dimensions mentioned above. The SELDS inclusion of each of the dimensions is

concurrent with indications from researchers that general self-efficacy items are not sufficient in
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exploring student self-efficacy and should be better developed to be adapted to various contexts
(Multon et al., 1991; Pajares, 1996).
Self-Efficacy for Learning and Doing Science Scale (SELDS).

The Self-Efficacy for Learning and Doing Science (SELDS) is an 8-item scale with a (1-
5 range) Likert scale for each item. The SELDS scale has undergone a series of validity tests,
shown a high internal consistency (0.92), concurrent validity, and good reliability (Porticella et
al., 2017). The scale can be divided into two subscales, each containing four items, self-efficacy
for learning science and self-efficacy for doing science.

Self-Efficacy for Learning Science. The first subscale on the SELDS, Self-Efficacy for
learning science, consists of statements to which participants indicate their level of agreement or
disagreement on a five-point Likert scale. The statements included in this section are: “I think
I’m pretty good at understanding science topics,” “Compared to other people my age, I think |
can quickly understand new science topics,” “It takes me a long time to understand new science
topics,” and “I feel confident in my ability to explain science topics to others” (Porticella et al.,
2017). The development of this subscale incorporates several features to support data quality. “It
takes me a long time to understand new science topics” is included as a reverse coded question.
By posing the question again with a negative root, the instrument ensures consistent responses
from participants, and this item also acts as an attention filter to ensure participants are indeed
reading and responding to each question validly (Porticella et al., 2017).

Understanding science topics and quickly understanding science topics. Duschl (2008)
indicates conceptual understanding of scientific knowledge, as well as reasoning and critical
thinking, are important aspects to include within science learning in science education research.
This highlights the importance of including an item that measures a student’s efficacy in
understanding science topics within this study. Another component which is unique within this
scale is that it includes the statement indicative of a student’s approach to learning by including

the statement about understanding science topics quickly. A learner’s self-efficacy and their
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approach to learning have been linked positively in the literature (Chiou & Liang, 2012; Phan,
2007, 2011).

According to Chin and Brown (2000), approaches to learning specify the methods a
student utilizes to refine their academic tasks, and this is also associated strongly with their
motivation related to that task. So, identification with learning science topics quickly can give a
better insight into the approach to learning by that student. Learning has been categorized
broadly into deep and surface approaches by researchers (Entwistle & Ramsden, 1983; Liang et
al., 2010). Overall, deep approaches to learning have shown to have a positive relationship with
learner’s self-efficacy, and surface approaches to learning have a negative association (Diseth,
2011; Moneta et al., 2007; Prat-Sala & Redford, 2010). Therefore, according to Phan (2007),
learners that take a deep approach to learning will be more likely to have a higher self-efficacy
than those who take a surface approach. Research on a learner’s science self-efficacy and their
approaches to learning (e.g., Ellis et al., 2008; Kember et al., 2004; Tsai et al., 2011) is still in an
early phase and therefore needs to be further investigated. Analyzing the relationship between a
student’s efficacy for understanding science topics and their specific scientific literacy skills can
further clarify how these variables contribute to other self-efficacy theories.

Explaining science topics to others. The ability to explain science topics to others not
only demonstrates a whole different level of understanding by the student but also brings
communication into the classroom. Multiple studies have established that the communication
component of scientific literacy should also be applied within classrooms to further science
learning (Chang et al., 2011; Yore et al., 2003). Communication skills can be defined as the
ability to use reading, writing, listening, speaking, or a combination of the four skills to
collaborate or convey messages (Rodriguez et al., 2017). Jenkins (1999) also emphasized the
importance of a student’s ability to communicate on science topics as a central goal for science
education reforms. Therefore, including a dimension of science communication self-efficacy

within the study can help to further explore the relationships between science self-efficacy and
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scientific literacy while including a sociocultural feature of science learning that should not be
excluded.

Self-Efficacy for Doing Science. The second subscale on the SELDS, Self-Efficacy for
doing science, consists of statements to which participants indicate their level of agreement or
disagreement on a five-point Likert scale. The statements included in this section are: “I think
I’m pretty good at following instructions for scientific activities,” “Compared to other people my
age, I think I can do scientific activities pretty well,” “It takes me a long time to understand how
to do scientific activities,” and “I feel confident in my ability to explain how to do scientific
activities to others” (Porticella et al., 2017). The development of this subscale also incorporates
the same features as the first subscale to support data quality. A reverse coded question is
included in this subscale as well; it poses the question a second time with a negative root
ensuring consistent responses from participants and also acts as an attention filter question
(Porticella et al., 2017).

Following instructions for and doing scientific activities. Science learning activities
wherein students are able to manipulate and observe materials and objects are an essential
component of science learning (Millar et al., 1999). Tsai (2003) explains that science learning
activities are essential in helping students learn science, and it allows them to do science. Not
only do science activities allow students to better learn science, but they give them an
opportunity to apply the scientific concepts they have learned, and being able to do so is an
essential ability to become scientifically literate (Millar & Osborne, 1998; Roberts, 2007).
Campbell and Lubben (2000) also argue that everyday science applications are critical to
reaching mastery of science learning. Since doing science activities is a critical component of
science learning, studying the relationships involved in its self-efficacy can further the literature
on science learning.

Explaining how to do scientific activities to others. Similar to the connection to
communication in the section above on explaining science topics to others, the ability to explain

how to do scientific activities to others also ties in the communication component. The
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importance of interpersonal communication in knowing science has been suggested in the
literature based on the significance of language being characterized as a pertinent feature in the
science learning process for students (Carlsen, 2007; Chang et al., 2011; Yore et al., 2003). With
scientific activities, this takes on a whole new light, as they need to be able to communicate
scientifically, discuss their inquiries, procedures, and understandings to develop a deeper
understanding of the science learning involved.

The two subscales on the SELDS are uniquely crafted to include self-efficacy for science
knowledge and comprehension skills, science-related analytical or problem-solving skills,
science practical work, and the application of science concepts and skills to daily situations.
These four dimensions within science self-efficacy, also mentioned earlier in the literature
review, have been highlighted by researchers (Baldwin et al., 1999; Capa Aydin & Uzuntiryaki,
2009; Uzuntiryaki & Capa Aydin, 2009). These dimensions also integrate seamlessly into the
features of scientific literacy (Roberts, 2007). Before exploring the literature on scientific
literacy, it is important to first examine general literacy.

General Literacy

The historical origin of the concept of literacy has been described by the United Nations
as being “familiar with literature” or generally “well-educated” (United Nations Education
Scientific and Cultural Organization, 2006). The historical definition of the term illiterate has
been adjusted over the years. Starting with the 1930s Census, illiterate has been defined as any
individual over the age of ten that is unable to read and write in any language to an individual
with fewer than five years of formal education (U.S. Department of Commerce, 1979; United
Nations Education Scientific and Cultural Organization, 2006). According to the United Nations
Education Scientific and Cultural Organization (2006), the term literacy was first defined in 1947
as the basic ability to read and write, and this definition was used to define literacy for almost
seventy years. The definition of literacy was then expanded by The National Assessment of
Adult Literacy as an individual’s capability to use “printed and written information to function in

society, to achieve one's goals, and to develop one's knowledge and potential” (White &
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McCloskey, 2003). This definition further evolved, going beyond basic reading and writing to
encompass the acquisition of knowledge as well as critical thinking (National Research Council,
2014).

According to the Organization for Economic Co-operation and Development OECD
(2016), generalized literacy skills have been one of the main curricula focuses in early education,
with the educational goals then shifting from generalized literacy over to the acquisition of
content knowledge in upper-grade levels. Vacca et al. (2014) maintain that integration of reading
into content area curriculum may help students be successful in their content literacy as well as
with their general literacy. Vacca and Vacca (2002) define content literacy as “the ability to use
reading and writing to learn subject matter in a given discipline” (p. 15). Vacca et al. (2014)
maintain that content area teachers play an integral role in developing literacy by helping
students to think critically and learn effectively while communicating with content area text.
Generalized literacy skills have been shown to influence the development of scientific literacy
skills directly (Abersek & Abersek, 2013). Even the OECD (2016) has reported that the
insufficient development of student’s generalized literacy skills can be linked to their inadequate
performance in scientific literacy assessments.

Scientific Literacy

Scientific literacy has been theorized in science education for over 60 years (Holbrook &
Rannikmae, 2012; National Academies of Sciences, Engineering, and Medicine, Snow, &
Dibner, 2016). The National Research Council (NRC; 1996) defines scientific literacy as the
ability to “use evidence and data to evaluate the quality of science information and arguments
put forth by scientists and in the media.” More recently, scientific literacy has been defined by
The Organization for Economic Co-operation and Development (OECD) in collaboration with
Programme for International Student Assessment (PISA) as “the capacity to use scientific
knowledge, to identify questions and to draw evidence-based conclusions in order to understand
and help make decisions about the natural world and changes made to it through human activity”

(OECD, 2004, p.133). PISA’s definition of scientific literacy has been used to design their
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assessment of scientific literacy, which is used on an international test to measure scientific
literacy in students. PISA assesses students on their scientific literacy skills in four categories:
scientific knowledge and use of that knowledge, the use of science as a form of human
knowledge, student awareness of the importance of science and technology, and student
engagement in scientific issues as a citizen (OECD, 2006).

Multiple sources state that the skill of scientific literacy has been underdeveloped across
all educational levels (Bensaude-Vincent, 2001; Peters, 2013; Robertson, 2012). More
alarmingly, according to Impey et al. (2011), despite having taken college-level science courses,
college graduates still have the same level of science literacy as high school graduates. Reforms
to educational standards have made it a point to drive the curriculum to incorporate scientific
literacy skills into the curriculum through K-16 education (NGSS, 2013; NRC, 2014).
Researchers have argued that there is a critical need to improve scientific literacy for all students,
not just the developing scientists (Scheufele, 2014; Stilgoe et al., 2014; vanderLinden et al.,
2014).

Scientific literacy is often perceived synonymously as science literacy; however, Roberts
and Bybee (2014) clarify that while both science literacy and scientific literacy include the
mastery of scientific knowledge and processes, scientific literacy expands to include the use of
that scientific knowledge to make knowledgeable decisions. Keefe and Copeland (2011) state
that the term literacy has often been defined differently depending on the context of its
application. Like the term literacy, science literacy is a term that embraces a broad range of
definitions; science literacy is used by researchers to highlight whether a student has a particular
skill set needed to be successful in science (Jusino, 2020). However, there is general agreement
among researchers that scientific literacy involves the ability to understand science-related
articles and the ability to interpret and communicate socially about their validity and conclusions
(Pelger & Nilsson, 2016). According to Pelger and Nilsson (2016), scientific literacy implies that
a person is capable of both evaluating and posing evidence-based arguments, and they can then

apply conclusions from these arguments to scientific issues. Another component of scientific
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literacy that scientists agree on is that the measurable skills that are critical to scientific literacy
need to include both conceptual understanding along with views of science and society (Bauer et
al., 2007). While the definition and components of scientific literacy have matured significantly
in the last 50 years or so, Showalter (1974) was the first to depict them in an aspect that could be
adapted into the science curriculum as objectives.
Components of Scientific Literacy

Showalter (1974) established a framework for scientific literacy with the following
components: nature of science, concepts in science, processes of science, values, science society,
interest, and skills. According to Lederman (2019), the nature of Science and science processes,
also referred to as scientific inquiry, were distinctly highlighted in Showalter’s work as closely
related constructs of scientific literacy. Lederman and Lederman (2014) explain that existing
literature often confuses the relationship and distinctions between the nature of scientific
knowledge (NOSK) and scientific inquiry (SI).
Nature of Science

The Nature of Science (NOS) generally indicates “the epistemology of science, science
as a way of knowing, or the values and beliefs inherent to scientific knowledge and its
development” (Lederman, 2007). The NOS and nature of scientific knowledge (NOSK) are both
terms used synonymously in literature and are indicative of the characteristics of scientific
knowledge (Lederman, 2019). According to Lederman (2007), the characteristics of scientific
knowledge were originally described using the phrase nature of scientific knowledge; however,
the phrase was later reduced to nature of science. Not only was NOS one of the components
identified by Showalter, but the understanding of NOS was also later defended as a critical
component of scientific literacy in the reiterated framework for scientific literacy by the National
Science Teachers Association (NSTA, 1982). In a review of the literature on NOS, Lederman

(2007) lists six aspects of NOS that relate to what students should know:
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e The difference between observation and inference, observations are descriptive
statements that several observers can agree on, whereas inferences are the developed
explanations for observations.

e The difference between scientific laws and theories.

e Scientific knowledge comprises human imagination and creativity along with empirical
observations.

e Scientific knowledge is laden with theory and is therefore subjective.

e Society, politics, socioeconomic factors, philosophy, and religion are all elements that
affect science.

e Scientific knowledge is tentative and therefore is not considered absolute.

NOS is often mixed with science processes of scientific inquiry (SI) as these aspects often
overlap and interact, and Lederman (2007) notes that it is essential to differentiate between the
two.
Scientific Inquiry

Sl, also often referred to as scientific processes, are more specific activities associated
with collecting and analyzing data and drawing conclusions (AAAS, 1990, 1993; NRC, 1996).
The National Research Council defines scientific inquiry as to the “diverse ways in which
scientists study the natural world and propose explanations based on the evidence derived from
their work™ (1996, p.23). Some of the scientific processes within Sl also overlap and interact
with components of NOS (Lederman, 2007). The scientific processes of observing falls within Sl
as an individual process used in a cyclical manner, whereas the understanding of the distinction
between observations and inferences and observations are theory-laden falls within NOS
(Lederman, 2007).

Since Sl is inherently the way the knowledge that falls within NOS is developed, SI was
often considered a component of NOS (Lederman, 2019). However, in the National Science
Education Standards (NSES) developed in 1996, NOS was situated as its own standard separate

from scientific inquiry, which was treated as a closely related independent standard (NRC,
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1996). The NSES were the first to recognize and establish the distinction of scientific inquiry as
to the doing of science, such as observing, inferring, or concluding from the knowledge of
science (Lederman, 2019). While both NOS and Sl are established to be separate, both are
integral components of scientific literacy (Lederman, 2019). The intricate and complicated
components of scientific literacy can be seen in the various measurement tools that have been
created to measure scientific literacy in students.

Measurements of Scientific Literacy

There have been various instruments developed with the intention to measure scientific
literacy, with a focus; however, only on the assessment of content knowledge specifically. With
the focus on scientific literacy and the need to develop it, many measurement forms have been
created, including surveys for the general public, assessments for K-12 students, or even open-
ended questionnaires. Since this study requires contextual independence from the scientific
literacy assessment, measurements that have a longitudinal nature were not utilized. There have
been several assessments developed in recent years that have more specific targets being
measured, including the Science Literacy Concept Inventory (SLCI), the Test of Science
Literacy Skills (TOSLS), and many others. Data will be collected using the TOSLS.

Test of Science Literacy Skills (TOSLS)

Gormally et al. (2012) developed the TOSLS to measure science literacy in
undergraduate biology students. While Science literacy concept inventory (SLCI) is a more
recently developed instrument to measure the science literacy for undergraduate students (Nuhfer
et al., 2016), it was precluded from this study due to its inclusion of questions that require
discipline-specific knowledge which may not be familiar to the selected population of this study.
Unlike other scientific literacy assessments, the TOSLS is a 28-question selected response
assessment that measures both scientific and quantitative literacy while eliminating any influence
of content-specific knowledge. Gormally et al. designed the TOSLS to measure science literacy
within nine subscales divided into two domains. The first domain is understanding methods of

inquiry that develop scientific knowledge, and the second domain in the organization, analysis,
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and interpretation of data (Gormally et al., 2012). In the design on the TOSLS, Gormally and
colleagues aligned their operational definition for scientific literacy with the definition by the
National Research Council (NRC, 1996), which includes the ability to “use evidence and data to
evaluate the quality of science information and arguments” (p. 145). Their design also
incorporated the definition for quantitative literacy by the National Assessment of Adult Literacy
(NAAL) as “the knowledge and skills required to perform quantitative tasks” (Kutner et al.,
2007, p.2). This includes the ability to “use evidence and data to evaluate the quality of science
information and arguments” (NRC, 1996, p. 145). Their design also incorporated the definition
for quantitative literacy by the NAAL as “the knowledge and skills required to perform
quantitative tasks” (Kutner et al., 2007, p.2).

Similar to this study, Gormally and colleagues surveyed undergraduate biology students.
The researchers began the development of the TOSLS by surveying undergraduate biology
instructors that were active participants of an undergraduate biology teaching association
(Gormally et al., 2012). Responses from a diverse sample of undergraduate biology instructors
were used to formulate the two domains with a focus on the common misconceptions
encompassing scientific literacy, which were then broken down further into nine categories of
skills (Gormally et al., 2012). Approximately 86 faculty members across multiple institutions
were involved in the process of identifying the nine science literacy skills in the instrument,
which helps to provide the assessment with additional content validity. After multiple rounds of
piloting and making adjustments to the instrument, Gormally et al. (2012) report that the TOSLS
is a valid instrument to measure science literacy. This is also evident in its usage in a high school
setting (Chandler, 2017) as well as in various undergraduate institutions (Coke, 2014; Segarra et
al., 2018; Waldo, 2015). While the TOSLS is designed to measure science literacy in
undergraduate students, the domains and skills measured significantly overlap with both the
PISA Science framework and the NAEP Science assessments (Neidorf et al., 2015; OECD,
2017).
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The TOSLS goes beyond just science literacy and incorporates multiple dimensions of
literacy within its domains. The first domain on the instrument includes components of
informational literacy, and the second domain incorporated quantitative literacy. The following
sections of this literature review will delve further into the incorporation of information literacy
and quantitative literacy in each of the domains on the TOSLS as well as the domains
themselves.

Informational Literacy

According to the Association of College and Research Libraries, informational literacy is
defined as the ability to recognize the need for information, accessing that information,
evaluating that information, and being able to then effectively utilize that information (American
Library Association, 2000). With a stronger focus on non-fiction text, informational literacy
differs greatly from generalized literacy, and this focus also connects this branch of literacy
directly to scientific literacy. Since scientific literacy includes the ability to interact with the
informational text as well as evaluate the validity of its source, this area of scientific literacy,
therefore overlaps with informational literacy. This area of literacy is an essential component of
scientific literacy in which students tend to struggle. According to a survey of Australian high
school students with lower scores on the scientific literacy skills assessment, it was found that
they struggled to identify, evaluate, and utilize academic research (Salisbury & Karamanis,
2011). Among the skills that are assessed on the TOSLS, most of the skills assessed in domain
one are components of informational literacy (Gormally et al., 2012).

Domain One. The first domain on the TOSLS has been designed to measure the
understanding of the Nature of Science, which Gormally et al. (2012) describe as the
understanding of the methods of inquiry that lead students to develop scientific knowledge. The
term “Inquiry” is a contested term in the literature, and there are multiple ideas on what
constitutes inquiry. While there are some who associate the term inquiry with a curriculum that is
hands-on or activity-based (Tamir, 1998; Willden et al., 2002), Gormally’s application of it in

their instrument, on the other hand, treats it as a process skill. Gormally’s use of the term
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methods of inquiry is better aligned with literature that argues inquiry focuses on the reasoning
practices that students can use to both understand and construct scientific ideas (Hammer et al.,
2008; Lehrer & Schauble, 2006; Warren et al., 2001). Referring to methods of inquiry in this
study is going to align with the application of it in Gormally’s instrument, which matched the
definition of scientific methods of inquiry by Prunckun (2016), the approach and processes used
to acquire new knowledge, reform, or incorporate previous knowledge.

This domain includes four categories of skills: identifying a valid argument, evaluating
sources, evaluating the use of information, and understanding research design (Gormally et al.,
2012). These skills can all be found as cross-cutting concepts in the Next Generation Science
Standards (NGSS) and scientific and investigation reasoning skills, also known as process skills,
in Texas Essential Knowledge and Skills (TEKS) standards (National Research Council, 2013;
TEC, 2018).

Identify a valid scientific argument. The first skill in domain one on the TOSLS is to
“identify a valid scientific argument” and is assessed through 3 of the 25 items on the instrument
(Gormally et al., 2012). Gormally et al. (2012) report that the common misconceptions and
student challenges related to this skill, according to the consensus by the surveyed faculty, are an
“inability to link claims correctly with evidence and lack of scrutiny about evidence” and that
“unrelated evidence considered to be support for scientific arguments.” According to Gormally
et al. (2012), this skill is explained as the ability to “recognize what qualifies as scientific
evidence and when scientific evidence supports a hypothesis.” Gormally et al. (2012)
measurement of the students’ ability to identify a valid scientific argument is true to the NGSS
learning objectives based on the presumptions that “science disciplines share common rules of
obtaining and evaluating empirical evidence” and “science knowledge is based upon logical and
conceptual connections between evidence and expectations” (National Research Council, 2012).
While Texas has not adopted NGSS standards, the definition for scientific literacy in the TEKS

for Science (2018) is similar to that of NGSS as “know[ing] that scientific hypotheses are
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tentative and testable statements that must be capable of being supported or not supported by
observational evidence.”

Evaluate the validity of sources. The second skill in the first domain on the TOSLS is to
“evaluate the validity of sources” and is assessed through five of the 25 items on the instrument
(Gormally et al., 2012). Gormally et al. (2012) report that a common misconception or student
challenge with this skill is the “inability to identify accuracy and credibility issues.” Gormally et
al. (2012) also state that students are unable to “distinguish between types of sources; identify
bias, authority, and reliability.” While this is a critical skill for the general population, it is not
generally included in the curriculum. However, this skill is consistent with the Common Core
State Standards linked to the NGSS, including the ability to “delineate and evaluate argument][s]
and specific claims in a text, including the validity of reasoning as well as relevance and
sufficiency of evidence” (NGSS Lead States, 2013, p. 8).

Evaluate the use and misuse of scientific information. The third skill in the first domain
on the TOSLS is to “evaluate the use and misuse of scientific information” and is assessed
through three of the 25 items on the instrument (Gormally et al., 2012). The common
misconception or student challenge associated with this skill by surveyed faculty is that
“prevailing political beliefs can dictate how scientific findings are used. All sides of a
controversy should be given equal weight regardless of their validity” (Gormally et al., 2012).
This skill is further explained by Gormally et al. (2012) as the ability to “recognize a valid and
ethical scientific course of action and identify appropriate use of science by government,
industry, and media that is free of bias and economic, and political pressure to make societal
decisions.” This is another skill that greatly overlaps with both State and National standards. The
definition of science literacy by the NGSS comparably includes the awareness that there are
limitations to science and that “science and technology may raise ethical issues for which
science, by itself, does not provide answers and solutions” (NGSS Lead States, 2013, p. 127).

Similarly, the curriculum in Texas states that students should “know that scientific hypotheses

25



are tentative and testable statements that can be supported or not supported by observational
evidence” (TEC, 2018, p. 2).

Understand elements of research design and how they impact scientific
findings/conclusions. The last skill within the first domain is that the student should “understand
elements of research design and how they impact scientific findings/conclusions” and is assessed
on three of the 25 items on the instrument (Gormally et al., 2012). According to surveyed
faculty, the common misconception or student challenge with this skill is the “misunderstanding
randomization contextualized in a particular study design. General lack of understanding of
elements of good research design” (Gormally et al., 2012). This skill is further explained by
Gormally et al. (2012) as the ability to “identify strengths and weaknesses in research design
related to bias, sample size, randomization, and experimental control.” This skill also overlaps
with the Science and Engineering practices outlined by the NGSS as well as the crosscutting
concept of cause and effect (NGSS Lead States, 2013). This skill is also true to student
expectations aligned with the TEKS that “The student analyzes published research and is
expected to identify the scientific methodology used by a researcher; examine a prescribed
research design and identify dependent and independent variables; evaluate a prescribed research
design to determine the purpose for each of the procedures performed; and compare the
relationship of the hypothesis to the conclusion” (TEKS for Career and Technical Education,
2014).

Quantitative Literacy

Since a lot of the academic research in science is reported in a quantitative manner, such
as numerical and graphical data, this intertwines quantitative literacy with informational and
scientific literacy. Quantitative literacy is defined as the knowledge and skills that are required to
complete calculations that are related to everyday activities by the National Center for Education
and Statistics (Kirsch et al., 2007; Kunter et al., 2007). With a similar focus on student ability to
interpret, analyze, and communicate information, there is significant overlap amongst the

definitions of both scientific literacy and quantitative literacy. An overlap in definition also
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suggests there will be a correlation in performance on scientific literacy with quantitative literacy
performance. According to Kunter et al. (2007), there was a slight gain in quantitative literacy
between 1992 and 2003, similar to the gains in science reported by the NAEP. Gormally et al.
(2012) connect quantitative literacy into domain two of their TOSLS assessment by requiring
students to understand statistics and perform calculations.

Domain Two. The second domain on the TOSLS was designed to focus on the ability to
“organize, analyze, and interpret quantitative data and scientific information” (Gormally et al.,
2012, p. 367). This domain establishes a connection between scientific literacy and quantitative
literacy, which is also evident in state and national standards as well. The incorporation of
quantitative literacy within the TOSLS also aligns with the general expectation that an individual
that is scientifically literate should be able to organize and interpret data. This domain includes
five categories of skills: create a graphical representation of data; read and interpret graphical
representations of data; solve problems using quantitative skills (including probability and
statistics); understand and interpret basic statistics; and justify inferences, predictions, and
conclusions based on quantitative data (Gormally et al., 2012). Subsequent sections of this
literature review will further explore these skills and their overlap with state and national
standards.

Create graphical representation of data. The first skill on the second domain of the
TOSLS, “create graphical representations of data,” is assessed on one of the 25 items in the
instrument, and Gormally et al. (2012) further explain this skill as the ability to “identify the
appropriate format for the graphical representation of data given a particular type of date.” The
expectation for students to pick the right way to represent data is consistent with the crosscutting
concept of recognizing patterns by the NGSS (NGSS Lead States, 2013). This skill is also a
general component of multiple course expectations in the state of Texas. An example of common
student challenges and misconceptions shared by surveyed faculty that Gormally et al. reported
is that “scatter plots show differences between groups. Scatter plots are best for representing

means, because the graph shows the entire range of data.” Not only do students need to be able to
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create graphical representations of data, but they should also be able to read and interpret
graphical representations of data.

Read and interpret graphical representations of data. The second skill within domain
two is to “read and interpret graphical representation of data,” which is assessed on four of the 25
items. This skill is explained by Gormally et al. (2012) as the ability to “interpret data presented
graphically to make a conclusion about study findings” and report that the common student
challenge with this skill is “difficulty in interpreting graphs, inability to match patterns of
growth, (e.g., linear or exponential) with graph shape.” The explanation for this skill
substantially overlaps with the NGSS standards for data analysis, “mathematical representations .
.. needed to identify some patterns” and “graphs, chart, and images can be used to identify
patterns in data” (NGSS Lead States, 2013, p. 92). This overlap is also seen in the curriculum in
Texas, within the Science TEKSs, which require students to use a variety of methods to
communicate valid conclusions (2018).

Solve problems using quantitative skills (including probability and statistics). The third
skill in domain two, “solve problems using quantitative skills, including probability and
statistics,” is assessed on three of the 25 items on the instrument. Gormally et al. (2012) further
explain this skill as the ability to “calculate probabilities, percentages, and frequencies to draw a
conclusion.” The examples of common student challenges from faculty surveys were that
students tend to “[guess] the correct answer without being able to explain basic math
calculations” and often provide “statements indicative of low self-efficacy.” Problem-solving
skills, similar to those measured on the TOSLS, have been incorporated into specific student
performance expectations, including the ability of the student to “use mathematical
representations to support the claim that atoms, and therefore mass, are conserved during a
chemical reaction” (NGSS Lead States, 2013, p. 91). Not only are these a part of National
standards, but this expectation is also established in state standards that require students to use
mathematical procedures to perform calculations and express quantities (Georgia Department of

Education, 2016; Texas Essential Knowledge and Skills for Science, 2018).
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Understand and interpret basic statistics. The fourth skill in this domain is to
“understand and interpret basic statistics,” which is assessed on three out of the 25 items in the
instrument and explained by Gormally et al. (2012) as the ability to “understand the need for
statistics to quantify uncertainty in data.” The most common challenges with this skill reported
by faculty are the “lack of familiarity with function of statistics and with scientific uncertainty”
and that “statistics prove data is correct or true” (Gormally et al., 2012). The overlap of this skill,
understanding and interpreting basic statistics within national and state standards, falls in with
the overlap for the previous skill, solving problems using quantitative skills, as most national and
state standards include this skill within the ability of the student to problem-solve using
quantitative skills.

Justify inferences, predictions, and conclusions based on quantitative data. The last
skill measured in domain two of the TOSLS is to “justify inferences, predictions, and
conclusions based on quantitative data”; these actions are assessed on the remaining three items
on the instrument. Gormally et al. (2012) further explain this skill as the ability of the student to
“interpret data and critique experimental designs to evaluate hypotheses and recognize flaws in
arguments,” and they identify the common student challenge with this skill to be the “tendency
to misinterpret or ignore graphical data when developing a hypothesis or evaluating an
argument” as reported by the surveyed faculty. This skill is an integral component of the
scientific competencies of the OECD (2007), and they state it as the ability to “interpret data
from related datasets presented in various formats” (p. 101). Similar to most of the other skills on
the TOSLS, this skill is also in the NGSS crosscutting concepts for and within the process skills
outlined in Texas curriculum that require students to “plan investigations, interpret data, and
draw conclusions” (Texas Essential Knowledge and Skills for Science, 2018).

Chapter Summary

This literature review provides a framework for the ideas involved in this study regarding

the relationship between student science self-efficacy and scientific literacy. There is a positive

relationship between academic self-efficacy and student achievement, and students with higher
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self-efficacy will continue to make decisions that further empower their efficacy. Science self-
efficacy is one of the academic domains that fall within academic self-efficacy and is further
organized within each of the scientific domains as well. Similar to academic self-efficacy, higher
science self-efficacy correlates to higher achievement in science for students. This study
examines the relationship between science self-efficacy and scientific literacy and therefore
explores general literacy in the literature as well. While there are various definitions of scientific
literacy and what it means to be scientifically literate, there is an agreement that there is a critical
need to develop scientific literacy skills among all students. The following chapter will describe
the methodology to be used by the researcher during the current study. This chapter will include
an overview of the research problem, research purpose and questions, research design,
population and sample, instrumentation, data collection procedures, data analysis, privacy and

ethical considerations, and limitations for this study.

30



CHAPTER III:
METHODOLOGY

The purpose of this study was to examine the relationship between science self-efficacy
and scientific literacy in undergraduate students. This correlational study collected survey and
assessment data from a purposeful sample of undergraduate students self-enrolled in Biology
courses at a large suburban Hispanic Serving Institution (HIS) located in southeast Texas. Data
were collected from the Self-Efficacy for Learning and Doing Science Scale (SELDS) and the
Test of Scientific Literacy Skills (TOSLS). Quantitative data were analyzed using descriptive
statistics, Pearson’s product-moment correlations, and Structural Equation Modeling (SEM).
This paper presents an overview of the research problem, operational definitions of the
theoretical constructs, the purpose of the research and the corresponding research questions, the
research design, the population and sampling of the participants, instrumentation, how the data
was collected and analyzed, ethical considerations, and the limitations of the study.

Overview of the Research Problem

According to the National Research Council (2012), the number of students currently
studying in STEM areas is not nearly enough to meet the demands for a skillful STEM
workforce. Low self-efficacy in math and science has been linked to fewer students seeking out
an education in science and mathematics. Both scientific literacy and science self-efficacy have
been the focus of calls from educators and policymakers emphasizing the need to improve and
reinforce them in order to improve science education (National Assessment Governing Board
[NAGB], 2010; NRC, 1996, 2012). Despite the focus on scientific literacy and its incorporation
into national standards as the goal of science education, there has not been a significant change
in the scientific literacy of U.S. students (Impey et al., 2017; NRC, 2013; OECD, 2016). Both
scientific literacy and science self-efficacy have been the focus of calls from educators and
policymakers emphasizing the need to improve and reinforce them in order to improve science

education (NAGB, 2010; NRC, 1996, 2012). There is a gap in the literature examining factors
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that influence both science self-efficacy and scientific literacy, whereas both science self-
efficacy and scientific literacy have been linked to improving science education. This study
examined the relationship between science self-efficacy and scientific literacy, two critical
components of science education, to better understand specific correlations between the two.
Operationalization of Theoretical Constructs
This study consisted of two constructs: (a) science self-efficacy and (b) scientific literacy.
According to Bandura (1997), self-efficacy is a person’s beliefs about his or her personal
capability to learn specific content. Britner and Pajares (2006) build on Bandura’s definition by
defining science self-efficacy as the learner’s belief in their ability to complete science tasks,
activities, or courses successfully. Science self-efficacy was measured in the study using student
scores from the Self-Efficacy for Learning and Doing Science Scale (SELDS). According to the
National Research Council (1996), scientific literacy is defined as the general knowledge and
understanding that a student should have of scientific concepts and processes that he or she
would need for effective decision making and participation in society productively. Scientific
literacy was measured in the study through participants’ scores on the Test of Scientific Literacy
Skills.
Research Purpose, Questions, and Hypotheses
The purpose of this study was to examine the relationship between science self-efficacy
and scientific literacy in undergraduate students. The research questions for this study were as
follows:
R1: Is there a statistically significant relationship between science self-efficacy and
scientific literacy?
Ho: A statistically significant relationship does not exist between science self-
efficacy and scientific literacy.
Ha: A statistically significant relationship does exist between science self-efficacy

and scientific literacy.
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R2: Is there a statistically significant relationship between self-efficacy for learning and
understanding science topics and student ability to understand methods of inquiry to
develop scientific knowledge?
Ho: A statistically significant relationship does not exist between self-efficacy for
learning and understanding science topics and student ability to understand
methods of inquiry to develop scientific knowledge.
Ha: A statistically significant relationship does exist between self-efficacy for
learning and understanding science topics and student ability to understand
methods of inquiry to develop scientific knowledge.
R3: Is there a statistically significant relationship between self-efficacy for learning and
understanding science and student ability to organize, analyze, and interpret quantitative
data and scientific information?
Ho: A statistically significant relationship does not exist between self-efficacy for
learning and understanding science and student ability to organize, analyze, and
interpret quantitative data and scientific information as measured by the TOSLS.
Ha: A statistically significant relationship does exist between self-efficacy for
learning and understanding science and student ability to organize, analyze, and
interpret quantitative data and scientific information as measured by the TOSLS.
RA4: Is there a statistically significant relationship between self-efficacy for doing
scientific activities and student ability to understand methods of inquiry to develop
scientific knowledge?
Ho: A statistically significant relationship does not exist between self-efficacy for
doing scientific activities and student ability to understand methods of inquiry to
develop scientific knowledge.
Ha: A statistically significant relationship does exist between self-efficacy for
doing scientific activities and student ability to understand methods of inquiry to

develop scientific knowledge.
33



R5: Is there a statistically significant relationship between self-efficacy for doing
scientific activities and student ability to organize, analyze, and interpret quantitative data
and scientific information?
Ho: A statistically significant relationship does not exist between self-efficacy for
doing scientific activities and student ability to organize, analyze, and interpret
quantitative data and scientific information.
Ha: A statistically significant relationship does exist between self-efficacy for
doing scientific activities and student ability to organize, analyze, and interpret
quantitative data and scientific information.
Research Design
For this study, a correlational research design was used to examine the relationship
between undergraduate student science self-efficacy and scientific literacy. The advantage of
implementing this design will be that it allowed the study to determine both the strength and the
direction of relationships between science self-efficacy and scientific literacy. The researcher
solicited a purposeful sample of students self-enrolled in various Biology courses from a large
suburban public university to complete the SELDS and the TOSLS assessment in one sitting.
Data were collected through online administration of the SELDS and TOSLS instruments
through Qualtrics. Quantitative data were analyzed using descriptive statistics, Pearson’s
product-moment correlations, and Structural Equation Modeling (SEM).
Population and Sample
The population of the study consisted of a suburban public university located in Texas.
The participating university serves approximately 9,000 students (undergraduate and graduate)
and has two campuses. Of the university population, approximately 62% are female, and 38%
are male. Of the population, 38% self-identify as White, 35% as Hispanic/Latino, 10% as

African American, 8% as Asian, 6% as international, and 3% as other races.
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Table 3.1

Undergraduate Enrollment by Race/Ethnicity and Gender

Male (n) Female (n)

White 1,009 1,480
Black 161 329
Asian 253 239
American Indian 4 9
Native Hawaiian 2 2
Multi-racial 89 120
Unknown 40 45
International 48 46
Hispanic 958 1,864

Table 3.2

Hispanic and Non-Hispanic Enrollment

Frequency (n)
Hispanic only 949
Hispanic, American Indian, or Alaska Native 216
Hispanic, Asian 19
Hispanic, Black or African American 49
Hispanic, Multi-Racial 189
Hispanic, Native Hawaiian or Other Pacific Islander 12
Hispanic, White 1,924
Total Hispanic 3,358
Total Non-Hispanic 5,724
Total Enrollment 9,082

Instrumentation
Self-Efficacy for Learning and Doing Science Scale (SELDS)

The DEVISE project by Cornell University is working on developing scales that can be
used specifically for citizen science participants (Porticella et al., 2017). The Self-Efficacy for
learning and doing science (SELDS) scale utilized in this study was created to measure the
participant’s confidence in learning science topics and performing science activities in 2017
(Porticella et al., 2017). SELDS is an 8-item scale split into two components, one measuring the

confidence in learning science and the other measuring confidence in doing science. Each
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component is 4-questions with a 5-point Likert scale ranging from Strongly Disagree to Strongly
Agree. The results can be used either as an overall instrument level or at the subscale level. The
scale has undergone a series of validity tests by the Cornell Lab of Ornithology. Through the
pilot tests conducted to assess Cronbach’s alpha coefficients, the alpha coefficient of the generic
SELDS was 0.92, which is indicative of high internal consistency. The reliability of the scale
was measured to be r = .82 and .89, which indicates that the SELDS scale could acquire stable
responses from a single sample over time.

The total item correlations within the scale were measured by Pearson’s correlation
between each of the items on the scale and the total scale overall, and it ranged from .54 to .83,
which indicates that all of the items within the scale measure consistently with the total scale,
and it also suggests a positive item discrimination power within the scale. The SELDS scale also
showed positive correlations with a different scale measuring interest in science and motivation
for learning and doing science, suggesting concurrent validity. Lastly, an exploratory factor
analysis was conducted and showed a unidimensional scale with all factor loadings above 0.70
(Porticella et al., 2017).

Test of Scientific Literacy Skills (TOSLYS)

The Test of Scientific Literacy Skills (TOSLS) was developed by Gormally et al. (2012).
Traditional tests designed to measure student scientific literacy skills are designed to focus
specifically on one skill and are limited to instructors as they require instruments that may not be
readily available (Gormally et al., 2012). Therefore, Gormally et al. (2012) designed this test to
measure and assess student proficiency across all of the skills they need to be scientifically
literate in an undergraduate introductory science course while freely available and quick to score
and administer. The Test of Scientific Literacy Skills was administered to students through the
Qualtrics software system on the students’ personal computers. The TOSLS assessment has a
time limit of 35 minutes, and it contains 28 multiple choice questions. Multiple rounds of pilot
testing, interviews, and expert reviews were conducted to create the TOSLS assessment and

explored the internal consistency of the test to determine its reliability. The Kuder-Richardson 20
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formula was utilized to measure the internal consistency, and TOSLS scored 0.731 as a pretest
and 0.748 as a post-test, which is considered to reflect good test reliability (Gormally et al.,
2012).

Data Collection Procedures

The researcher obtained permission to conduct the study from the University of Houston-
Clear Lake (UHCL) Committee for the Protection of Human Subjects (CPHS) and the
participating University’s Institutional Review Board (IRB) before collecting data. After
permission was gathered, the researcher solicited undergraduate students enrolled in selected
Biology courses at the participating university by contacting the Biology professors via email
with information regarding the purpose of the study and the process for collecting the surveys.
The researcher disseminated an electronic link containing access to the SELDS and TOSLS
assessment through the use of Qualtrics. The purpose of the study, voluntary participation, the
timeframe for completing the survey, as well as ethical and confidentiality considerations were
communicated to participants through a cover letter in Qualtrics. A letter of consent outlining the
details of the study was also given to students through Qualtrics. Appendix A contains the cover
letter presented through Qualtrics, and Appendix B contains the letter of consent presented
through Qualtrics.

Once participants gave consent, demographic information was collected, and the survey
was administered. Once survey responses were collected, the data was entered into quantitative
research software Statistical Package for the Social Sciences (SPSS) for further analysis. All data
were secured in a password protected folder on the researcher’s computer. At the culmination of
the study, the data will be maintained by the researcher for five years, which is the time required
by CPHS guidelines. The researcher will destroy the contents of the file once the deadline

expires.

37



Data Analysis
Quantitative Analysis

All data were imported into IBM SPSS for analysis. To answer research question one, Is
there a statistically significant relationship between science self-efficacy and scientific literacy, a
Pearson’s product moment correlation (r) was conducted to determine if there is a significant
relationship between science self-efficacy and scientific literacy skills.

To answer research question two, Is there a statistically significant relationship between
self-efficacy for learning and understanding science topics and student ability to understand
methods of inquiry to develop scientific knowledge?, a Pearson’s product moment correlation (r)
was conducted to determine if there is a significant relationship between science self-efficacy
and scientific literacy skills.

To answer research question three, Is there a statistically significant relationship between
self-efficacy for learning and understanding science and student ability to organize, analyze, and
interpret quantitative data and scientific information?, a Pearson’s product moment correlation
(r) was conducted to determine if there is a significant relationship between science self-efficacy
and scientific literacy skills. The data from Qualtrics was also be imported into AMOS in order
to utilize structural equation modeling (SEM). Structural equation modeling was utilized to
determine if there is a statistically significant relationship between the independent variables of
science self-efficacy and scientific literacy. According to Mueller (1997), SEM can expand
simpler regression and correlation models as it allows for hypothesizing, analyzing, and
representing the relationships between variables. In this study, SEM was used to conduct a path
analysis of the direct and indirect relationships between factors as well as the strength of those
relationships.

To answer research question four, Is there a statistically significant relationship between
self-efficacy for doing scientific activities and student ability to understand methods of inquiry to

develop scientific knowledge?, a Pearson’s product moment correlation (r) was conducted to
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determine if there is a significant relationship between science self-efficacy and scientific
literacy skills.

To answer research question five, Is there a statistically significant relationship between
self-efficacy for doing scientific activities and student ability to organize, analyze, and interpret
quantitative data and scientific information? a Pearson’s product moment correlation (r) was
conducted to determine if there is a significant relationship between science self-efficacy and
scientific literacy skills.

Privacy and Ethical Considerations

The researcher obtained permission to conduct the study from the UHCL’s CPHS and the
participating University’s IRB before collecting data. The name of the university in which the
study will be conducted will not be mentioned in the study, nor will the individual names of the
participants who take the survey. A survey cover letter was attached at the start of the Qualtrics
survey, which stated the purpose of the study, ensuring that the participants were aware that their
participation was voluntary and that their responses and identities will remain completely
confidential. Each participant who completed the survey was assigned a random participant
number, and all data taken from the survey each participant completes is reflected with the
assigned participant number. The data collected in the study was stored on a password protected
computer hard drive, and the researcher's cloud drive. The computer was kept in a locked office.
The data in the cloud will be stored safely for five years, after which time the data will be
destroyed.

Limitations of the Study

This study has several limitations. First, is the focus on undergraduate students in
selected Biology courses. It is possible that the dynamics between student science self-efficacy
and scientific literacy varies from one course to another or in different universities. One might
expect that the level of scientific literacy will be higher for students who are enrolled in the
courses because they already plan to pursue science in their careers. Second, is that it is assumed

that all students with varying levels of self-efficacy will participate in the study and take the
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survey. This is almost certainly not the case. Students enrolled in undergraduate courses in
Biology may have varying levels of science self-efficacy and scientific literacy, and some may
choose not to participate in the study due to their level of self-efficacy or scientific literacy.

Third, is the honesty of the participants in the survey conducted online. Some of the
participants may not give honest responses to the self-efficacy scale, therefore misrepresenting
their science self-efficacy in the study. Some students may use external resources in the scientific
literacy component making their scores on the scientific literacy component inflated or
inaccurate. Fourth, the study was conducted in only one university in selected courses and is,
therefore, generalizing the results to the population and may not be an accurate representation of
the university or undergraduate students enrolled in science courses.

Conclusion

The purpose of this study was to examine the relationship between science self-efficacy
and scientific literacy in undergraduate students. This chapter was intended to describe the
methodology of this correlational study in detail. The quantitative portion of this study used a
purposeful sample of undergraduate students enrolled in selected Biology courses at a public
University in Texas. Data were collected from the sample using Qualtrics to administer the
SELDS scale and TOSLS. The quantitative data collected was analyzed using a Pearson’s
product-moment correlation and structural equation model (SEM), which examines the
relationship between student science self-efficacy and scientific literacy in undergraduate
students. The information collected from the survey was analyzed and coded to produce a
descriptive overall response. The results from this methodology are reported in chapter four of

this study.
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CHAPTER IV:
RESULTS

The purpose of this study was to examine the relationship between science self-efficacy
and scientific literacy in undergraduate students. This chapter presents the results of the
quantitative data analysis of the study. First, an explanation of the participant’s demographics of
the study is presented, followed by the results of the data analysis. This chapter presents the data
analysis for each of the five research questions and concludes with a summary.

Participant Demographics

Biology professors at the participating university agreed to administer the survey in their
courses, which as a department consisted of approximately 481 students; of that, 225 students
completed the survey (46.8% response rate). Table 4.1 provides specific response data for all
participants in the survey. One hundred and seventy students indicated female (75.6%), while 55
students indicated male. Participants were prompted to select all races that apply, 115 students
(51.1%) were White/Caucasian, 45 students (20.0%) were Asian, 24 students (10.7) were other,
and 14 students (6.2%) were Black/African American. Table 4.1 provides specific participating

student demographics.
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Table 4.1

Demographics of Participating Students

All
(%)
Total Students 100.0
(n =225)
Female 75.6
(n=170)
Male 24.4
(n=55)
White/Caucasian 51.1
(n=115)
White/Caucasian and Black/African American 1.8
(n=4)
White/Caucasian and American Indian/Alaska Native 0.9
(n=2)
White/Caucasian and Asian 0.4
(n=1)
White/Caucasian and Native Hawaiian or Pacific Islander 0.4
(n=1)
White/Caucasian and Other 6.7
(n=15)
Black/African American 6.2
(n=14)
Black/African American and Other 0.9
(n=2)
American Indian/Alaska Native and other 0.4
(n=1)
Asian 20.0
(n=45)
Native Hawaiian or Pacific Islander 0.4
(n=1)
Native Hawaiian or Pacific Islander and Other 0.0
(n=0)
Other 10.7
(n=24)

Research Question One
Research question one, Is there a statistically significant relationship between science
self-efficacy and scientific literacy?, was measured using frequencies, percentages, and a

Pearson’s Product-Moment correlation (r). Results of the Pearson’s Product Moment correlation
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(r) indicated there was a statistically significant positive relationship between a student’s science
self-efficacy and his or her scientific literacy TOSLS scores, r(225) = 0.190, p = .004, r2 = 0.04.
As student’s science self-efficacy increased, so did the scientific literacy TOSLS scores. The
proportion of variation in TOSLS scores attributed to science self-efficacy was 4.0%. The
average scientific literacy score on the TOSLS assessment was 55.5% out of 100.0% (SD =
22.1).

The Self-Efficacy for Learning and Doing Science (SELDS) scale measured student
science self-efficacy (8-items) using a 5-point Likert scale (1 = Strongly Disagree, 2 = Disagree,
3 = Neutral, 4 = Agree, 5 = Strongly Agree). Tables 4.2 and 4.3 display the responses from the
SELDS scale from all participants. Students (80.0%) Agreed/Strongly Agreed about thinking
that they were pretty good at understanding science topics and that they could quickly understand
new science topics compared to other people their age (58.7%). Most students (40.4%)
Disagreed/Strongly Disagreed about taking a long time to understand new science topics but
were Neutral (28.4%) about taking a long time to understand how to do scientific activities.
Students also Agreed/Strongly Agreed about feeling confident in their ability to explain science
topics to others (58.7%) and in their ability to explain how to do scientific activities to others
(47.1%). Majority of students (87.6%) Agreed/Strongly Agreed that they were pretty good at
following instructions for scientific activities and that they could do scientific activities well

compared to other people their age (74.2%).
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Table 4.2

Expanded Responses from the SELDS Scale (%)

Survey Item Strongly Disagree Neutral Agree Strongly
Disagree Agree

1. I think I'm pretty 1.3 6.2 15.6 64.4 15.6

good at (n=3) (n=14) (n=35) (n=145) (n=35)

understanding

science topics.

2. Compared to 0.9 4.4 36.0 45.8 12.9
other people my (n=2) (n=10) (n=81) (n=103) (n=29)
age, | think I can

quickly understand

new science topics.

3. It takes me a long 5.3 35.1 324 21.3 5.8
time to understand (n=12) (n=79) (n=73) (n=48) (n=13)
new science topics.

4. | feel confident 2.2 9.8 29.3 46.2 12.4
in my ability to (n=5) (n=22) (n = 66) (n=104) (n=28)
explain science

topics to others.

5. I think I'm pretty 0.4 2.7 9.3 52.9 34.7
good at following (n=1) (n=6) (n=21) (n=119) (n=78)
instructions for

scientific activities.

6. Compared to 0.4 4.4 20.9 49.8 24.4
other people my (n=1) (n=10) (n=47) (n=112) (n =55)
age, | think I can do

scientific activities

pretty well.

7. It takes me a long 10.7 40.9 28.4 15.1 4.9
time to understand (n=24) (n=92) (n=64) (n=34) (n=11)
how to do scientific

activities.

8. | feel confident 0.0 5.8 31.6 47.1 15.6
about my ability to (n=0) (n=13) (n=71) (n=106) (n=35)
explain how to do

scientific activities

to others.
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Table 4.3

Collapsed Responses from the SELDS Scale (%)

Survey Item Strongly Neutral Agree/Strongly
Disagree/Disagr Agree
ee
1. I think I'm pretty good at 7.6 15.6 80.0
understanding science topics. (n=17) (n=35) (n=180)
2. Compared to other people my 5.3 36.0 58.7
age, | think I can quickly (n=12) (n=81) (n=132)
understand new science topics.
3. It takes me a long time to 40.4 32.4 27.1
understand new science topics. (n=91) (n=73) (n=61)
4. | feel confident in my ability to 12.0 29.3 58.7
explain science topics to others. (n=27) (n =66) (n=132)
5. I think I'm pretty good at 3.1 9.3 87.6
following instructions for (n=7) (n=21) (n=197)
scientific activities.
6. Compared to other people my 4.9 20.9 74.2
age, | think I can do scientific (n=11) (n=47) (n=167)
activities pretty well.
7. It takes me a long time to 10.7 28.4 15.1
understand how to do scientific (n=24) (n=64) (n=34)
activities.
8. | feel confident about my 0.0 31.6 47.1
ability to explain how to do (n=0) (n=71) (n =106)

scientific activities to others.

Research Question Two
Research question two, Is there a statistically significant relationship between self-
efficacy for learning and understanding science topics and student ability to understand methods

of inquiry to develop scientific knowledge?, was measured using Pearson’s Product-Moment
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correlation (r). Results from the Pearson’s Product Moment correlation (r) indicated that there
was a statistically significant positive relationship between a student’s self-efficacy for learning
and understanding science topics and student ability to understand methods of inquiry to develop
scientific knowledge, r = .16, r2 = 0.03, p = .015.

As student’s self-efficacy for learning and understanding science topics increased, so did
their ability to understand methods of inquiry to develop scientific knowledge on the TOSLS
assessment. The proportion of variation in TOSLS scores on questions that assessed student
ability to understand methods of inquiry to develop scientific knowledge attributed to their self-
efficacy for learning and understanding science topics was 3.0%. Pearson’s Product Moment
correlations (r) were also assessed on the items within the self-efficacy for learning and
understanding science topics component of the SELDS scale were also individually measured
with the skills in the understanding methods of inquiry to develop scientific knowledge

component of the TOSLS assessment as shown in Figure 4.1.
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Self-Efficacy
for Learning and
understanding science
topics

Domain Iz
Understand methods of
inquiry that lead to
scientific knowledge

Item 1:
| think I'm pretty
good at
understanding

skill 1:
Identify a valid
scientific argument

science topics.

ltem 2:
Compared to other

people my age, | Skill 2:
: . Evaluate the validity
think I can quickly
of sources
understand new
science topics.
item 3: ] Skill 3:

It takes me a long
time to understand
new science topics.

Evaluate the use and
misuse of scientific
sourcesinformation

ltern 4:
| feel confident in
my ability to explain
science topics to

skill 4:

Understand
elements of research
design and how they
impact scientific
findings/conclusions

others.

Figure 4.1 Pearson’s Product Moment Correlations: SELDS Learning Component and TOSLS
Domain |

The results of the Pearson’s Product Moment correlations (r) are included in Table 4.4.
The Pearson’s Product Moment correlations (r) indicated that there was also a statistically
significant positive relationship between a student’s self-efficacy for learning and understanding
science topics and their ability to evaluate the validity of sources, r = .15, r2 =.02, p =.02. As
self-efficacy for learning and understanding science topics increased, so did the ability to
evaluate the validity of sources on the TOSLS assessment. The proportion of variation in scores
on questions that assessed their ability to evaluate the validity of sources attributed to their self-

efficacy for learning and understanding science topics was 2.0%.
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Item three, “It takes me a long time to understand new science topics” on the SELDS
scale, had a statistically significant positive relationship with the ability to understand methods of
inquiry that lead to scientific knowledge, r = .17, r2 = .03, p = .009, and the ability to evaluate
the validity of sources, r = .19, r2 = .04, p = .003 on the TOSLS assessment. As self-efficacy on
item three on the SELDS scale increased, so did the ability to organize, analyze, and interpret
quantitative data and scientific information. The proportion of variation in the scores for the
ability to organize, analyze, and interpret quantitative data and scientific information on the
TOSLS assessment attributed to self-efficacy reported on item three on the SELDS scale was
3.0%. As self-efficacy on item three on the SELDS scale increased, so did the scores on
questions that assessed student ability to evaluate the validity of sources on the TOSLS
assessment. The proportion of variation in the scores on questions that assessed student ability to
evaluate the validity of sources attributed to self-efficacy reported on item three on the SELDS

scale was 4.0%.
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Table 4.4

Correlations: SELDS Learning Component and TOSLS Domain |

Domain I: Skill 3: )
Understand Skill 1: Skill 2:  Evaluate the use d Skd'” |4 »
methods of Identify a  Evaluate the and misuse of Understand elements o
L A L e research design and how
inquiry that valid scientific validity of scientific they impact scientific
lead to argument sources information findings/conclusions
scientific sources
knowledge
Self-Efficacy for
Learning and
understanding science  r=.162* r=.128 r=.153* r=.108 r=.059
topics
Item 1:
I think I'm pretty
8ﬁggr§aﬂding r=.127 r=.100  r=.090 r=.100 r=.097
science topics.
Item 2:
Compared to other
people my age, |
think 1 can quickly r=.042 r=.040 r=.050 r=.032 r=-.002
understand new
science topics.
Item 3:
It takes me a long
time to understand r=.173* r=.100 r=.194* r=.088 r=.056
new science topics.
Item 4:
| feel confident in
my ability to explain r=.123 r=.130 r=.100 r =.098 r=.024

science topics to
others.

*Statistically Significant (p < .05)

Research Question Three

Research question three, Is there a statistically significant relationship between self-

efficacy for learning and understanding science and student ability to organize, analyze, and

interpret quantitative data and scientific information?, was answered using a Pearson’s Product-
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Moment correlation (r). Results from the Pearson’s Product Moment correlation (r) indicated that
there was a statistically significant positive relationship between a student’s self-efficacy for
learning and understanding science topics and student ability to organize, analyze, and interpret
quantitative data and scientific information, r = .228, r2 = 0.05, p = .001. As self-efficacy for
learning and understanding science topics increased, so did the ability to organize, analyze, and
interpret quantitative data and scientific information on the TOSLS assessment.

The proportion of variation in TOSLS scores on questions that assessed student ability to
organize, analyze, and interpret quantitative data and scientific information attributed to self-
efficacy for learning and understanding science topics was 5.0%. The items within the self-
efficacy for learning and understanding science topics component of the SELDS scale were also
individually measured with the skills in the organize, analyze, and interpret quantitative data and
scientific information component of the TOSLS assessment as shown in Figure 4.2 using
Pearson’s Product Moment correlations (r). The results of the Pearson’s Product Moment

correlation (r) are included in Table 4.5.
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Self-Efficacy
for Learning and

understanding science

topics

ltem 1:
| think I'm pretty
good at
understanding
science topics.

Iltem 2:
Compared to other
people my age, |
think | can quickly
understand new
science topics.

Item 3:
It takes me a long
time to understand
new science topics.

Item 4:
| feel confident in
my ability to explain
science topics to
others.

Domain Il:

Organize, analyze, and
interpret quantitative

data and scientific
information

Skill 5:
Create graphical
representations of data

Skill 6:

Read and interpret
graphical
representations of data

skill 7:

Solve problems using
quantitative skills,
including probability
and statistics

Skill 8:
Understand and
interpret basic statistics

51

Skill o:

Justify inferences,
predictions, and
conclusions based on
quantitative data

Figure 4.2 Pearson’s Product Moment Correlations: SELDS Learning Component and TOSLS
Domain Il




Table 4.5

Correlations: SELDS Learning Component and TOSLS Domain 11

Skill 7: Skill 9:
Domain I1: . Solve : Justify
Organize, Skill 5: Skill 6: problems Skill 8: inferences
analyze, and  Create Read and using  Understand o ictions
interp’ret graphical interpret quantitative and and ,
uantitative representations graphical skills interpret conclusions
g P representations . iy basic
data and of data including - based on
Ha dlr of data - statistics o
scientific prObablIlty quantltatlve
information sta?ir:zics data
Self-Efficacy for
Learning and r=.228% r=.139%*  r=.144* r=.208* r=.236* r=.079
understanding
science topics
Item 1:
I think I'm pretty
good at r=.235* r=.172* r=.158* r=.186* r=.204* r=.123
understanding
science topics.
Item 2:
Compared to
other people my
age, I think Ican r=.171* r=.090 r=.148* r=.212* r=.154* r=-.022
quickly
understand new
science topics.
Item 3:
It takes me a long
time to r=.139* r=.079 r=.031 r=.135* r=.154* r=.104
understand new
science topics.
Item 4:
| feel confidentin . _ 444+ = ggo r=.112  r=094 r=.188* r=.024
my ability to

explain science
topics to others.

*Statistically Significant (p < .05)
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The Pearson’s Product Moment correlations (r) indicated a statistically significant
positive relationship between a student’s self-efficacy for learning and understanding science
topics and the ability to create graphical representations of data (r = .139, r2 =.019, p =.038)
and read and interpret graphical representations of data (r = .144, r2 = .02, p =.031). Student’s
self-efficacy for learning and understanding science topics also produced a statistically
significant positive relationship with the ability to solve problems using quantitative skills (r =
.208, r2 =.043, p =.002), and understand and interpret basic statistics (r =.236, r2 =.056, p <
.001) on the TOSLS assessment. As self-efficacy for learning and understanding science topics
increased, so did the ability to create graphical representations of data, read and interpret
graphical representations of data, solve problems using quantitative skills, and understand and
interpret basic statistics. The proportion of variation attributed to self-efficacy for learning and
understanding science topics in TOSLS scores for questions that assessed the ability to create
graphical representations of data was 1.9%, the ability to read and interpret graphical
representations of data was 2.0%. Whereas the proportion of variation attributed to self-efficacy
for learning and understanding science topics in TOSLS scores for questions that assessed the
ability to solve problems using quantitative skills was 4.3%, and the ability to understand and
interpret basic statistics was 5.6%.

The Pearson’s Product Moment correlations (r) also indicated a statistically significant
relationship between the scores on domain two on the TOSLS assessment and item one r = .235,
r? = .055, p <.001, item two r = .171, r> = .029, p = .010, item three r = .139, r? = .019, p = .038,
and item four on the SELDS scale r = .144, r> = .021, p = .031. As self-efficacy on items one thru
four on the SELDS scale increased, so did the scores on domain two on the TOSLS assessment.
The proportion of variation in TOSLS scores for Domain |1 attributed to self-efficacy reported on
item one was 5.5%, item two was 2.9%, item three was 1.9%, and item four was 2.1%.

Item one on the self-efficacy for learning and understanding science topics component of
the SELDS scale also had a statistically significant positive relationship with the ability to create

graphical representations of data (r =.172, r> = .030, p = .010) and the ability to read and
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interpret graphical representations of data (r = .158, r> = .025, p = .018) on the TOSLS
assessment. Item one also had a statistically significant positive relationship with the ability to
solve problems using quantitative skills (r = .186, r?> = .035, p = .005) and the ability to
understand and interpret basic statistics (r = .204, r? = .042, p = .002) on the TOSLS assessment.
As self-efficacy reported on item one of the SELDS scale increased, so did the ability to create
graphical representations of data, read and interpret graphical representations of data, solve
problems using quantitative skills, and understand and interpret basic statistics. The proportion of
variation attributed to self-efficacy on item one on the SELDS scale in TOSLS scores for
questions that assessed the ability to create graphical representations of data was 3.0%, read and
interpret graphical representations of data was 2.5%, solve problems using quantitative skills was
3.5%, and understand and interpret basic statistics was 4.2%.

Item two on the self-efficacy for learning and understanding science topics component of
the SELDS scale indicated a statistically significant positive relationship with the ability to read
and interpret graphical representations of data (r = .148, r2 =.022, p = .027), solve problems
using quantitative skills (r = .212, r> = .045, p = .001), and understand and interpret basic
statistics (r = .154, r> = .024, p = .021). As self-efficacy reported on item two of the SELDS scale
increased, so did the ability to read and interpret graphical representations of data, solve
problems using quantitative skills, and understand and interpret basic statistics.

The proportion of variation attributed to self-efficacy on item two on the SELDS scale in
TOSLS scores for questions that assessed the ability to read and interpret graphical
representations of data was 2.2%, solve problems using quantitative skills was 4.5%, and
understand and interpret basic statistics was 2.4%. Whereas item three on the self-efficacy for
learning and understanding science topics component of the SELDS scale indicated a statistically
significant positive relationship with the ability to solve problems using quantitative skills (r =
135, r> = .018, p = .043), and understand and interpret basic statistics (r = .154, r> = .024, p =
.020) on the TOSLS assessment. As self-efficacy reported on item three of the SELDS scale

increased, so did the ability to solve problems using quantitative skills, understand, and interpret
54



basic statistics. The proportion of variation attributed to self-efficacy on item three on the
SELDS scale in TOSLS scores for questions that assessed skill the ability to solve problems
using quantitative skills was 1.8% and understand and interpret basic statistics was 2.4%.

Lastly, item four on the self-efficacy for learning and understanding science topics
component of the SELDS scale only indicated a statistically significant positive relationship with
the ability to understand and interpret basic statistics, r = .188, r> = .035, p = .005. As self-
efficacy reported on item four on the SELDS scale increased, so did the ability to understand and
interpret basic statistics. The proportion of variation in scores for questions that assessed the
ability to understand and interpret basic statistics attributed to self-efficacy on item four on the
SELDS scale was 3.5%.

Structural equation modeling (SEM) was also used to determine if there was a
statistically significant relationship between the items of SELDS and skills measured on the
TOSLS assessment. Figure 4.3 depicts the SEM model of the relationships between the items on
the SELDS scale and the skills measured on the TOSLS assessment. The Goodness of Fit index
(GFI) was .994, the Incremental Fit Index (IFI) was 1.002, and the Comparative Fit Index (CFI)
value was 1.00. According to Byrne (2001), a value over .80 is an acceptable fit, and values
approaching 1.0 are considered excellent. Correlation coefficients were computed among the
four SELDS items and five TOSLS skills with interactions in the specified model. A p-value less
than .05 was required for significance. The correlational analyses presented in Table 4.6 showed

that six out of the 10 included correlations were significant.
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Figure 4.3 SEM: SELDS Learning Component and TOSLS Domain Il
Statistically Significant *(p < .05), ** (p <.01), *** (p <.001)

Table 4.6

SEM Correlations: SELDS Learning Component and TOSLS Domain Il

Skill 5 Skill 6 Skill 7 Skill 8
Item 1 .038* .087 .020* .009*
Item 2 --- 110 .007* .066
Item 3 --- --- .062 .029*
Item 4 o o - .027*

*Statistically Significant (p <.05)

Research Question Four
Research question four, Is there a statistically significant relationship between self-

efficacy for doing scientific activities and student ability to understand methods of inquiry to

56



develop scientific knowledge?, was answered using a Pearson’s Product-Moment correlation (r).
Results from the Pearson’s Product Moment correlation (r) indicated that there was no
statistically significant positive relationship between a student’s self-efficacy for doing scientific
activities and student ability to understand methods of inquiry to develop scientific knowledge, r
=.098, p =.142. In other words, student’s self-efficacy for doing scientific activities has nothing
to do with student ability to understand methods of inquiry to develop scientific knowledge.

The items within the self-efficacy for doing scientific activities component of the SELDS
scale were also individually measured with the skills in the understanding methods of inquiry to
develop scientific knowledge component of the TOSLS assessment as shown in Figure 4.4 using
Pearson’s Product Moment correlations (r). The results of the Pearson’s Product Moment
correlation (r) are included in Table 4.7. Item five on the self-efficacy for doing scientific
activities component of the SELDS scale indicated a statistically significant positive relationship
with the ability to understand methods of inquiry that lead to scientific knowledge (r = .157, r> =
.025, p =.019), identify a valid scientific argument (r = .158, r> = .025, p = .018), and evaluate
the use and misuse of scientific information sources (r = .138, r> =.019, p = .039).

As self-efficacy reported on item five on the SELDS scale increased, so did the ability to
understand methods of inquiry that lead to scientific knowledge, identify a valid scientific
argument, and evaluate the use and misuse of scientific information sources. The proportion of
variation attributed to self-efficacy reported on the ability to understand methods of inquiry that
lead to scientific knowledge was 2.5%, identify a valid scientific argument was 2.5%, and

evaluate the use and misuse of scientific information sources was 1.9%.
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Self-Efficacy for doing

scientific activities

Item 5:
| think I'm pretty
good at following

instructions for
scientific activities.

Item 6:
Compared to other
people my age, |
think | can do
scientific activities
pretty
well.

Item 7:
It takes me a long
time to understand
how to do scientific
activities.

Item 8:
| feel confident
about my ability to
explain how to do
scientific activities to
others.
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Domain I:

Understand methods of

inquiry that lead to

scientific knowledge

Skill 1:
Identify a valid
scientific argument

Skill 2:
Evaluate the validity of
S0Urces

Skill 3:

Evaluate the use and
misuse of scientific
informaticn

sources

Skill 4:

Understand elements
of research design and
how they impact
scientific
findings/conclusions

Figure 4.4 Pearson’s Product Moment Correlations: SELDS Doing Component and TOSLS
Domain |



Table 4.7

Correlations: SELDS Doing Component and TOSLS Domain |

Domain I:
Understand
methods of
inquiry that

lead to
scientific
knowledge

Identify avalid  Evaluate the

Skill 3:
Skill 1: Skill 2:
scientific scientific
argument

validity of
sources
sources

Evaluate the use
and misuse of

information

Skill 4:
Understand
elements of

research design
and how they
impact scientific
findings/conclus
ions

Self-Efficacy for
d0|_ng _smentlflc [ = 098
activities
Item 5:
I think I'm pretty
good at following
instructions for
scientific
activities.

r=.157*

Item 6:

Compared to

other people my

age, |

think | can do =-.003
scientific

activities pretty

well.

Item 7:

It takes me a long
time to
understand

how to do
scientific
activities.

r=.123

Item 8:

| feel confident
about my ability
to

explain how to do
scientific
activities to
others.

r=.035

r=.114 r=.063 r=.072

r=.158* r=.106 r=.138*

r=.034 =-.034 r=.049

r=.114 r=.093 r=.070

r =.045 r=.028 =-.008

r=.053

r=.110

=-.011

r=.041

r=.047

*Statistically Significant (p < .05)
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Research Question Five

Research question five, Is there a statistically significant relationship between self-
efficacy for doing scientific activities and student ability to organize, analyze, and interpret
quantitative data and scientific information?, was answered using a Pearson’s Product-Moment
correlation (r). Results from the Pearson’s Product Moment correlation (r) indicated that there
was a statistically significant positive relationship between a student’s self-efficacy for doing
scientific activities and student ability to organize, analyze, and interpret quantitative data and
scientific information, r = .144, r? = .021, p = .030. As self-efficacy for doing scientific activities
increased, so did their ability to organize, analyze, and interpret quantitative data and scientific
information on the TOSLS assessment.

The proportion of variation in scores on questions that assessed student ability to
organize, analyze, and interpret quantitative data and scientific information on the TOSLS
assessment attributed to student’s self-efficacy for doing scientific activities was 2.1%. The items
within the self-efficacy for doing scientific activities component of the SELDS scale were also
individually measured with the skills in the organize, analyze, and interpret quantitative data and
scientific information component of the TOSLS assessment as shown in Figure 4.4 using
Pearson’s Product Moment correlations (r). The results of the Pearson’s Product Moment

correlation (r) are included in Table 4.8.
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Domain Il
Organize, analyze, and
interpret quantitative

data and scientific
information

Self-Efficacy for doing
scientific activities

ltem 5:
| think I'm pretty
good at following

instructions for
scientific activities.

skill 5:
Create graphical
representations of data

Item 6:
Compared to other
people my age, |
think | can do
scientific activities
pretty
well.

skill 6:

Read and interpret
graphical
representations of data

skill 7:

Solve problems using
quantitative skills,
including probability
and statistics

Item 7:
It takes me a long
time to understand
how to do scientific
activities.

Skill 8:
Understand and
interpret basic statistics

ltem 8:
| feel confident
about my ability to
explain how to do
scientific activities to
others.

Skill o:

Justify inferences,
predictions, and
cenclusions based on
guantitative data

Figure 4.4 Pearson’s Product Moment Correlations: SELDS Doing Component and TOSLS
Domain Il

The Pearson’s Product Moment correlations (r) also indicated a statistically significant
positive relationship between a student’s self-efficacy for doing scientific activities and the
ability to solve problems using quantitative skills, r =.143, r2 = .020, p = .030. As self-efficacy
for doing scientific activities increased, so did the ability to solve problems using quantitative

skills on the TOSLS assessment. The proportion of variation in scores on questions that assessed
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the ability to solve problems using quantitative skills on the TOSLS assessment attributed to
student’s self-efficacy for doing scientific activities was 2.0%.

Furthermore, item five on the SELDS scale indicated a statistically significant positive
relationship with the ability to organize, analyze and interpret quantitative data and scientific
information r =.176, r2 = .031, p = .008. Item five also resulted in a statistically significant
positive relationship with the ability to create graphical representations of data (r = .149, r2 =
.022, p =.025), solve problems using quantitative skills (r = .147, r2 = .022, p = .028), and
justify inferences, predictions, and conclusions based on quantitative data (r =.142, r2 = .020, p
=.033). As self-efficacy reported on item five on the SELDS scale increased, so did the ability to
organize, analyze and interpret quantitative data and scientific information, create graphical
representations of data, solve problems using quantitative skills, and justify inferences,
predictions, and conclusions based on quantitative data. The proportion of variation attributed to
item five on the SELDS scale in the ability to organize, analyze and interpret quantitative data
and scientific information was 3.1%, create graphical representations of data was 2.2%, solve
problems using quantitative skills was 2.2%, and justify inferences, predictions, and conclusions

based on quantitative data was 2.0%.
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Table 4.8

Correlations: SELDS Doing Component and TOSLS Domain Il

Domain 11:

Organize, _ Skill 6:
analyze, and __ SKll’S: Read and

interpret Create graphical interpret
.o _.  representations graphical
quantitative

q q of data representations
ata an of data

scientific

information and statistics

Skill 7:
Solve
problems
using
guantitative
skills,
including
probability

Skill 8:

interpret basic
statistics

Skill 9:
Justify
inferences,

Understand and predictions, and

conclusions
based on
quantitative
data

Self-Efficacy for
doing scientific —\_ yge =113 r=.101
activities

Item 5:

I think I'm pretty

good at following

instructions for r=.176* r=.149* r=.112

scientific

activities.

Item 6:

Compared to

other people my

age, |

think | can do r=.072 r=.064 r =.087
scientific

activities pretty

well.

Item 7:

It takes me a long
time to
understand

how to do
scientific
activities.

r=.100 r=.043 r=.064

Item 8:

| feel confident
about my ability
to

explain how to do
scientific
activities to
others.

r=.105 r=.082 r=.074

r=.143*

r=.147*

r=.098

r=.076

r=.111

r=.122

r=.093

r=.074

r=.079

r=.125

r=.040

r=.142*

=-071

r=.082

=-.015

*Statistically Significant (p < .05)
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Summary of Results

This chapter provided an analysis of the quantitative data collected during the study to
address the five research questions. Surveys were sent to nine professors teaching various
undergraduate Biology courses at the participating university to share with their students. All of
the participants were enrolled in at least one undergraduate Biology course at the time of
participation. An analysis of the quantitative data collected through Qualtrics revealed a
statistically significant relationship between student science self-efficacy and their scientific
literacy.

Further analysis of the quantitative data on the subcomponents and domains within the
instruments revealed a statistically significant relationship between self-efficacy for learning and
understanding science topics and student ability to understand methods of inquiry. There was
also a statistically significant relationship between self-efficacy for learning and understanding
science topics and student ability to organize, analyze, and interpret quantitative data and
scientific information. Analysis of self-efficacy for doing scientific activities and student ability
to organize, analyze, and interpret quantitative data and scientific information resulted in a
statistically significant relationship. However, analysis of the quantitative data for self-efficacy
for doing scientific activities and student ability to understand methods of inquiry revealed that
there was not a statistically significant relationship.

Conclusion

This chapter presented the participant demographics, analysis of the quantitative data
collected from surveys for each research question, and processes of answering each research
question. In the next chapter, findings will be presented to compare what was found through this
study with existing literature. Implications of this study in education and future research will also

be discussed.
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CHAPTER V:
DISCUSSION

The purpose of this correlational study was to analyze the relationship between scientific
literacy and science self-efficacy in undergraduate students enrolled in science courses. This
chapter includes a discussion of major findings as related to the literature on science self-efficacy
and scientific literacy as they relate to student learning. Also included is a discussion on
implications that may be valuable for use by legislators, curriculum developers, and educators
who hope to improve science education. The chapter concludes with a discussion of the
limitations of the study, areas for future research, and a brief summary.

This chapter contains discussion and future research possibilities for the following
research questions and the results seen in this study:

R1: Is there a statistically significant relationship between science self-efficacy and

scientific literacy?

Ha: A statistically significant relationship does exist between science self-efficacy
and scientific literacy.

R2: Is there a statistically significant relationship between self-efficacy for

learning and understanding science topics and student ability to understand

methods of inquiry to develop scientific knowledge?

Ha: A statistically significant relationship does exist between self-efficacy for
learning and understanding science topics and student ability to understand
methods of inquiry to develop scientific knowledge.

R3: Is there a statistically significant relationship between self-efficacy for learning and

understanding science and student ability to organize, analyze, and interpret quantitative

data and scientific information?
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Ha: A statistically significant relationship does exist between self-efficacy for
learning and understanding science and student ability to organize, analyze, and
interpret quantitative data and scientific information as measured by the TOSLS.

RA4: Is there a statistically significant relationship between self-efficacy for doing

scientific activities and student ability to understand methods of inquiry to develop

scientific knowledge?
Ho: A statistically significant relationship does not exist between self-efficacy for
doing scientific activities and student ability to understand methods of inquiry to
develop scientific knowledge.

R5: Is there a statistically significant relationship between self-efficacy for doing

scientific activities and student ability to organize, analyze, and interpret quantitative data

and scientific information?
Ha: A statistically significant relationship does exist between self-efficacy for
doing scientific activities and student ability to organize, analyze, and interpret
quantitative data and scientific information.

All five of research questions were analyzed for a relationship with Pearson’s product
moment correlation (r), and question one was additionally analyzed using structural equation
modeling (SEM).

Discussion of Results

The present study sought to determine if there were any relationships between science
self-efficacy and scientific literacy, as well as within the deeper components of science self-
efficacy and scientific literacy. Science self-efficacy, which was measured using the Self-
Efficacy for Learning and Doing Science (SELDS) scale, was divided into two components of
the scale: self-efficacy for learning and understanding science topics and self-efficacy for doing
scientific activities. Scientific literacy, which was assessed using the Test of Scientific Literacy

Skills (TOSLS) assessment, was divided into the two domains on the assessment: student ability
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to understand methods of inquiry and student ability to organize, analyze, and interpret
quantitative data and scientific information.
Research Question One

The first research question analyzed the overall relationship between science self-efficacy
and scientific literacy based on their overall scores on the SELDS scale and TOSLS assessment.
Upon analysis of the data, a p value considerably less than .05 confirms the alternate hypothesis
in that there is a statistically significant relationship between student science self-efficacy and
their scientific literacy. While there is a lack of research analyzing the relationship between
science self-efficacy and specifically scientific literacy in undergraduate students, the results
from this study conform to related theories involving science self-efficacy and student
achievement as students with higher science self-efficacy had a higher achievement on the
TOSLS assessment (Dorfman & Fortus, 2019; Trujillo & Tanner, 2014; Ucar & Sungur, 2017;
Villafafie & Lewis, 2016; Zusho et al., 2003). Gwilliam and Betz (2001) also maintain that
science self-efficacy at the college level is a means to predict student achievement. Similarly, the
positive relationship between students’ science efficacy beliefs and their academic achievements
in those subjects occurs because students believe they will achieve positive outcomes (Dorfman
& Fortus, 2019; Trujillo & Tanner, 2014; Ucar & Sungur, 2017; Villafafie & Lewis, 2016; Zusho
et al., 2003).

The results for this research question also align with an analysis of the 2015 PISA
assessment data by the Organization for Economic Co-operation and Development (OECD),
despite the fact that their population consisted of High School Students. According to an analysis
of data by the OECD of the 2015 PISA assessment, students with lower science self-efficacy
performed worse on the assessment than those with a higher science self-efficacy (OECD, 2016).
The OECD results noted a positive and significant relationship across all participating countries
and economies, which included the United States (OECD, 2016). This study recognized a similar
positive and significant relationship between student science self-efficacy and their scientific

literacy assessment in undergraduate students, despite the use of different instruments.
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According to Pastorelli (2001), if students have high self-efficacy levels, they are
typically more likely to challenge themselves because their goal acquisitions are higher.
Therefore, the students in the present study that had higher science self-efficacy due to their
current courses or major may have been more persistent throughout the TOSLS assessment,
resulting in higher TOSLS scores. The remaining research questions in the study addressed the
gap in the literature with an analysis of the deeper interwoven relationship between scientific
literacy and science self-efficacy, as previous studies either analyzed science self-efficacy and
scientific literacy separately or analyzed the broad relationship between the two in high school
students. Research questions two thru five in the current study explored the relationship between
the self-efficacy for learning and understanding science topics, self-efficacy for doing scientific
activities, and scores on the domains on the TOSLS assessment.

Research Questions Two and Three

The first domain on the TOSLS assessment is designed to measure the understanding of
the Nature of Science, which Gormally et al. (2012) describe as the understanding of the
methods of inquiry that lead students to develop scientific knowledge. It includes four categories
of skills: identifying a valid argument, evaluating sources, evaluating the use of information, and
the understanding of research design (Gormally et al., 2012). The second domain on the TOSLS
includes five categories of skills that focus on the ability to “organize, analyze, and interpret
quantitative data and scientific information” (Gormally et al., 2012, p. 367). An analysis of the
relationship between the skills within these domains and self-efficacy for learning science
addresses the gap in the literature, as individual scientific literacy skills have not previously been
examined.

According to the results, students’ self-efficacy for learning and understanding science
topics is positively related to their ability in their overall scores on both domains of the TOSLS
assessment. The skills within both domains of the TOSLS assessment can all be found as cross-
cutting skills (or concepts) in the Next Generation Science Standards (NGSS) and process skills

in Texas Essential Knowledge and Skills (TEKS) standards (National Research Council, 2013;
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TEC, 2018). Their inclusion within both the NGSS and TEKS standards highlights their
importance in student scientific literacy.

Further analysis of the relationships between the overall self-efficacy for learning and
understanding science topics and the skills within the domains on the TOSLS assessment
resulted in several interesting correlations. According to the analysis of the data, students with
higher self-efficacy for learning and understanding science topics scored higher on questions that
assessed their ability to evaluate the validity of sources, create a graphical representation of data,
read and interpret graphical representations of data, solve problems using quantitative skills, and
understand and interpret basic statistics. In accordance with the present results, Chiou and Liang
(2012) and Phan (2011) have established students who believe they are capable of understanding
science topics typically learn them faster than their peers do. The items within the SELDS scale
were also analyzed against the domains and skills on the TOSLS assessment to further
understand the deeper relationships between their science self-efficacy and specific scientific
literacy skills. The analysis of components of self-efficacy for learning science specifically with
individual scientific literacy skills is unique to this study, as this has not previously been
analyzed in the literature.

The first item on the SELDS scale, “I think I'm pretty good at understanding science
topics,” had a statistically significant positive relationship with the overall scores on domain two,
which assessed student ability to organize, analyze, and interpret quantitative data and scientific
information along with several skills that fell within domain two. Students with a higher self-
efficacy for learning and understanding science topics scored higher on the questions on the
TOSLS assessment that assessed student ability to create a graphical representation of data, read
and interpret graphical representations of data, solve problems using quantitative skills, and
understand and interpret basic statistics. These results corroborate Duschl (2008), who indicates
that conceptual understanding of scientific knowledge, as well as reasoning and critical thinking,

are important aspects to include within science learning in science education research.
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Analysis of item two on the SELDS scale, “Compared to other people my age, | think 1
can quickly understand new science topics,” resulted in a statistically significant positive
relationship with domain two as well as several skills within domain two. Students with a higher
self-efficacy reported on this item scored higher on domain two overall, more specifically on
their ability to read and interpret graphical representations of data, solve problems using
quantitative skills, and understand and interpret basic statistics on the TOSLS assessment.
Comparatively, item three on the SELDS scale, “It takes me a long time to understand new
science topics,” had a statistically significant positive relationship with both domains on the
TOSLS assessment as well as several skills within the domains. Students with a higher self-
efficacy on item three had higher scores on questions that assessed their ability to evaluate the
validity of sources, solve problems using quantitative skills, and understand and interpret basic
statistics on the TOSLS assessment. Both items two and three on the SELDS scale relate to the
time it would take to learn science as in either learning quickly or taking longer to learn, they can
therefore be associated with student approach to learning, which according to Chin and Brown
(2000), specify the methods a student utilizes to refine their academic tasks. According to the
literature on approaches to learning, deep approaches to learning have shown to have a positive
relationship with learner’s self-efficacy (Diseth, 2011; Moneta et al., 2007; Prat-Sala & Redford,
2010). Therefore, the students that reported higher self-efficacy on these items utilize deep
approaches to learning. It is also likely a connection exists between deep approaches to learning
and student ability to solve problems using quantitative skills and understand and interpret basic
statistics.

The last item within the self-efficacy for learning and understanding science topics, item
four on the SELDS scale, “I feel confident in my ability to explain science topics to others,”
resulted in a statistically significant positive relationship with the overall score on domain two of
the TOSLS assessment and one of the skills within domain two. Students that reported a higher
self-efficacy on this item, which is focused on student ability to communicate about science

topics, scored higher on their ability to understand and interpret basic statistics on the TOSLS
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assessment. These results, therefore, support the work of multiple studies that have established
the communication component of scientific literacy should also be applied within classrooms to
further science learning (Chang et al., 2011; Yore et al., 2003).

Research Questions Four and Five

The second component of the SELDS scale analyzed in this study, self-efficacy for doing
scientific activities, presented a statistically significant positive relationship with the overall
scores for domain two and student ability to solve problems using quantitative skills. An analysis
of the relationship between individual scientific literacy skills and specifically self-efficacy for
doing science activities is another unique component of this study as the current literature does
not examine the relationships between these components of science self-efficacy and scientific
literacy.

Further analysis of the items within this component of the SELDS scale surprisingly only
resulted in statistically significant relationships for item five, “I think I’m pretty good at
following instructions for scientific activities.” According to the analysis, students with a higher
reported self-efficacy on this item scored higher on both domains of the TOSLS assessment.
More specifically, higher self-efficacy on this item resulted in higher scores on questions that
assessed their ability to identify a valid scientific argument, evaluate the use and misuse of
scientific information sources, create graphical representations of data, solve problems using
quantitative skills, and justify inferences, predictions, and conclusions based on quantitative data.
These results align with the literature on science activities in that they give students an
opportunity to apply the scientific concepts they have learned, which is an essential ability to
become scientifically literate (Millar & Osborne, 1998; Roberts, 2007).

Implications of the Study

Scientific literacy skills are imperative skills to cultivate within all students, as they are
essential in real-world situations that may depend on an individual’s ability to evaluate and
utilize data to make knowledgeable decisions (AAAS, 2011); therefore, fostering these skills in

students is essential. On the other hand, student science self-efficacy is influential in shaping
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student achievement in science, their motivation to learn science, and their future aspirations for
science related careers (Lofgran et al., 2015). The relationships between individual components
of science self-efficacy and scientific literacy have not previously been studied at the
undergraduate level. Results from this study can improve the understanding of the deeper
relationships between these variables and address the gap in the literature. This study’s results
align with the current theories in the field as they relate to self-efficacy and achievement.
According to the Social Cognitive Theory, the theoretical framework for this study, there should
be a significant positive relationship between science self-efficacy and scientific literacy. The
analysis of the data showed a statistically significant positive relationship between not only their
science self-efficacy and scientific literacy but also between various components of their science
self-efficacy and scientific literacy skills.

Therefore, the findings of this study can be an important factor in the way that professors
curate the learning experience for their students. The combination of results from this study
provides some support for the conceptual premise that by reinforcing specific aspects of a
student’s science self-efficacy through curated learning experiences, professors can help to
improve components of their scientific literacy. Similarly, the results of this study also suggest
that by reinforcing specific scientific literacy skills in their course, professors can improve
student science self-efficacy.

Improving Scientific Literacy through Science Self-Efficacy

In his foundational work on student self-efficacy, Bandura (1977) establishes that student
self-efficacy in any domain comes derives from the following sources: performance
accomplishments, vicarious experiences, physiological states, and verbal persuasion. Professors
can target these sources of self-efficacy for their students, thereby increasing their scientific
literacy skills. Performance accomplishments are considered the most influential on student self-
efficacy as they provide the students with reliable evidence of mastery experiences, wherein
repeated successes increase their self-efficacy or repeated failures lower their self-efficacy

(Britner & Pajares 2006; Kiran & Sungur 2012; Klassen 2004; Usher & Pajares 2006).
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Therefore, by providing their students with opportunities to master the material with repeated
success, professors can increase their self-efficacy for learning science. Another source for
student self-efficacy is vicarious experiences or experiences gained from observing others
modeling a task (Bandura, 1997; Margolis & Mccabe, 2006). Cheung and Cheung (2015)
maintain that by having the opportunity to observe a task successfully performed, students will
be more likely to believe that they too can successfully complete the task, thereby improving
their self-efficacy. According to Cheung and Cheung (2015), efficacy-enhancing strategies can
be incorporated into inquiry teaching by “providing appropriately challenging problems and
facilitating cooperative team work so that students are exposed to personal mastery and vicarious
experiences.”

The current study helps us to understand which components of science self-efficacy may
help improve student scores on assessments, depending on the scientific literacy skills involved
in that assessment. The results from this study suggest that during a unit or course in which there
are key scientific literacy skills for students to grasp or utilize, professors can curate their
learning experiences to build on their self-efficacy at following instructions for scientific
activities to reinforce several of their scientific literacy skills. For instance, professors could
build in an activity in which students are provided with a logical sequence of steps to utilize for
completing a science activity, as Lenz et al. (2004) note, “these steps make the task at hand
manageable and provide students with a place to start” (p. 261). By providing students an
opportunity to do well at following instructions for scientific activities and interpret their success
positively, their self-efficacy for doing so will be strengthened through enactive mastery
(Margolis & Mccabe, 2006). The present study then raises the possibility that by increasing their
self-efficacy for following instructions for scientific activities, professors will improve their
ability to identify a valid scientific argument, evaluate the use and misuse of scientific
information sources, create graphical representations of data, and solve problems using

quantitative skills.
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Students who reported a higher self-efficacy for learning and understanding science
topics performed better on questions that assessed their ability to evaluate the validity of sources,
create graphical representations of data, read and interpret graphical representations of data,
solve problems using quantitative skills, and understand and interpret basic statistics. Therefore,
another implication of the current study is the possibility that by helping students increase their
self-efficacy for learning and understanding science topics, professors can increase their
achievement on assessment questions that utilized the aforementioned scientific literacy skills.
According to the data in the current study, we can infer that by increasing their self-efficacy for
learning and understanding science topics, professors will also increase their ability to evaluate
the validity of sources, create graphical representations of data, read and interpret graphical
representations of data, solve problems using quantitative skills, and understand and interpret
basic statistics. Alternatively, results from this study can also be utilized by professors to
increase student science self-efficacy through targeted strategies reinforcing specific scientific
literacy skills.

Improving Science Self-Efficacy through Scientific Literacy

Student science self-efficacy plays a role in their engagement, persistence, and
achievement in their science class (Cheung & Cheung, 2015). Another important implication of
this study is that by increasing scientific literacy skills in their students, professors can increase
their science self-efficacy. The NSES established scientific inquiry as the doing of science, such
as observing, inferring, or concluding and Nature of Science (NOS), the knowledge of science as
integral components of scientific literacy (Lederman, 2019). According to research, students can
only develop key NOS skills if it is explicitly integrated into instruction (Abd-El-Khalick &
Lederman, 2000; Lederman, 2007; Lederman & Lederman, 2014; Lederman, 2019). Lederman
(2019) claims that to effectively integrate NOS into instruction, students should be given the
opportunity to reflect and discuss their experiences as they struggle with developing their

scientific understanding of a phenomenon.
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The results of this study indicate that improving student ability to evaluate the validity of
sources will improve their self-efficacy for learning and understanding science topics, and
improving their ability to identify valid scientific arguments will improve their efficacy at
following instructions for scientific activities. Professors can help students improve their ability
to evaluate the validity of sources and identify a valid scientific argument by incorporating
opportunities to evaluate scientific articles within their curriculum. Through a system of
modeling the evaluation of a sample scientific article with students and then allowing them to
evaluate an article on their own, Porter et al. (2010) report significant improvement in similar
student informational and scientific literacy skills.

Another implication from the results of this study is that professors can improve student
self-efficacy for learning and understanding science topics by improving their ability to create,
read, and interpret graphical representations of data. Professors can improve student graphing
skills through the use of various targeted instructional strategies, thereby also improving their
science self-efficacy. According to Maltese et al. (2015), due to possible overestimation of
students’ baseline grasp of graphing, science professors are likely to inadequately incorporate it
in their instruction. Harsh and Schmitt-Harsh (2016) suggest that students should be exposed to
data in courses through experiences similar to what practitioners would be exposed to in the
field. By allowing students to actively participate in authentic scientific inquiry, professors can
develop their graphing skills (Harsh & Schmitt-Harsh, 2016; Kjelvik & Schultheis, 2019). Harsh
and Schmitt-Harsh (2016) also encourage exposure to messy or complex data to develop
advanced graphing skills in students as complex data better reflects scientific research.
Therefore, the results from this study suggest that by allowing students to interact and learn with
complex authentic data to improve their graphing skills, professors can also increase their self-
efficacy for learning and understanding science topics. While this study can offer new insight to

professors, it is not without its limitations.
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Limitations

While the researcher agrees that quantitative research was the right method for this study,
qualitative research tools, such as interviews or open-ended response questions, could have
captured more information from participants. More credibility could be given to this study if
coupled with qualitative research as a mixed-methods study (Johnson & Onwuegbuzie, 2004).
For example, subsequent interviews following the survey could have offered more evidence to
better analyze student’s self-efficacy. Another limitation in the design of the study was the
singular focus on students currently enrolled in undergraduate Biology courses at the
participating university. The inclusion of students enrolled in other undergraduate science
courses in addition to undergraduate Biology courses can add to the results of this study. By
focusing only on students in Biology courses, the findings do not consider any variation in
student science self-efficacy and scientific literacy across different courses or other disciplines.

Another limitation of this study is that students were asked to volunteer to participate and
complete the survey on their own. This limited the study to a small sample and included only the
students that completed the survey by choice. There may have been students that did not
complete the survey with lower levels of self-efficacy or even lower levels of scientific literacy.
Conducting the study in one university and only in undergraduate courses led to a small sample
and a lack of diversity of participants. There is also the inability to generalize the results to the
population, which means that it may not be an accurate representation of undergraduate students.
The administration of the survey online also creates a limitation, as students had the ability to
look up the answers to the TOSLS assessment could inflate their scores for the assessment. The
findings from this study make it apparent that there is a need to evaluate the relationship between
science self-efficacy and scientific literacy at the undergraduate level to determine if the current
literature, which stems from studies conducted in a K-12 setting, can be generalized to
undergraduate students. Based on the limitations of this study and the gap in the literature, there

are several recommendations for future research.
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Recommendations for Future Research

The first recommendation for future research would be to conduct this study on a larger
scale across multiple higher education institutions. The results from this study can be further
developed and enhanced by conducting this study across various science courses in multiple
institutions with targeted demographics. Conducting this study on a larger scale can also allow
researchers to collect responses from all of the enrolled students. Another recommendation
would be to collect the data within their science courses as a closed paper-based administration
so that students are less likely to attempt to look up the answers to the TOSLS assessment.
Collecting the data within the science courses would also ensure responses are better reflective of
the students’ abilities as they are less likely to breeze through the survey.

Further studies need to be carried out at a larger scale in a higher education setting in
order to establish a better understanding of the relationships between the different components of
science self-efficacy and scientific literacy. A natural progression of this work is to analyze these
relationships in the K-12 setting as well since the focus of this study was on undergraduate
students. There is a significant gap in the literature when it comes to the relationships between
science self-efficacy and scientific literacy. Furthermore, there is limited literature available on
the possible relationships between specific components of science self-efficacy and the various
skills associated with scientific literacy. By researching and developing a better understanding of
this, educators and curriculum developers can have new avenues of targeting scientific literacy
skills in the classroom.

Conclusion

There is a significant need for individuals in the STEM field in the United States;
however, Holmes (2017) and PCAST (2010) explain that there has been a decrease in interest in
the STEM fields among students throughout the last 50 years. There have been many researchers
that have called for reform in science education due to the decreasing interest in scientific
disciplines (Holmes, 2017), the poor performance on international science exams (Auerbach,

2017; Sparks, 2016), and a lack of public understanding for STEM fields (Llorente, 2019).
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Further, the National Science Board (2018) has shared that it is vital that the United States
increase interest in STEM fields in the 21st century if they are to be successful. This is
problematic because the lack of a qualified STEM workforce will mean that the US will fall
further behind in the global economy than it already has (Teitelbaum, 2014). The National
Science Foundation also maintains that there is a need to identify risks and challenges to STEM
pathways in order to ensure continued competitiveness by fostering a stronger STEM-capable
workforce (NSF, 2015).

Farrington et al. (2012) note there must be a larger focus on the relationship between
student achievement and noncognitive factors such as self-efficacy. Previous research has found
there is an increase in academic achievements when self-efficacy is high but that there is a
decrease in academic achievements when self-efficacy is low (Dibenedetto, 2015; Pajares, 1997,
Schunk, 2012). Additionally, when exploring science literacy, research demonstrated that when
both science literacy and self-efficacy are high, students will also achieve better academic scores
compared to when it was lower (Dorfman & Fortus, 2019; Trujillo & Tanner, 2014; Ucar &
Sungur, 2017; Villafafie et al., 2016; Zusho et al., 2003). However, previous research has not
examined the relationships between individual components of science self-efficacy and scientific
literacy in undergraduate students. Thus, it was vital to explore this relationship in the present
study.

Both the Test of Scientific Literacy Skills, developed by Gormally et al. (2012) and social
cognitive theory, developed by Bandura (1986), was utilized as the foundation of this study to
demonstrate the importance of exploring the connection between science self-efficacy and
science literacy. Further, a quantitative correlational research approach was utilized to gain a
purposeful sample of undergraduate students taking biology courses in order to explore the
relationship between both the Self-Efficacy for Learning and Doing Science Scale (SELDS;
Porticella et al., 2017) and the Test of Scientific Literacy Skills (TOSLS). Moreover, Pearson
product-moment correlations and Structural Equation Modeling (SEM) was utilized for analysis

of the research data.
78



The results of the current study were statistically significant, and they can be beneficial to
educators working with undergraduate students to help determine their science literacy. Further,
the results can be an important factor in the way that professors curate the learning experience
for their students based on their student's science self-efficacy, self-efficacy to learning, and
science literacy. The significant results from this study help to develop a better understanding of
the overall relationship between science self-efficacy and scientific literacy and address the gap
in literature with a deeper analysis of the relationships between specific components of each.
The results of this study can be used to create a study on a larger scale to determine if the
outcome was related to the narrow demographics of the participants. Finally, it is also
recommended that the relationship between science self-efficacy and scientific literacy be
explored in students that are in grades K-12 to determine if there is an increase or decrease in the

relationship as the student progresses through their academic careers.

79



REFERENCES

Abd-El-Khalick, F., & Lederman, N. G. (2000). Improving science teachers' conceptions of
nature of science: A critical review of the literature. International Journal of Science
Education, 22(7), 665-701. http://dx.doi.org/10.1080/09500690050044044

Abersek, M. K., & Abersek, B. (2013). A reading curriculum for the Homo zappiens generation:
new challenges, new goals. Journal of Baltic Science Education, 12(1), 92.
http://www.scientiasocialis.lt/jbse/

Ahmed W., Van der Werf, G., Kuyper, H., & Minnaert, A. (2013). Emotions, self-regulated
learning, and achievement in mathematics: A growth curve analysis. Journal of
Educational Psychology, 105(1), 150-161. https://doi.org/10.1037/a0030160

Aikenhead, G. S. (2005). Science-based occupations and the science curriculum: concepts of
evidence. Science Education, 89, 242-275. https://doi.org/10.1002/sce.20046

American Association for the Advancement of Science. (1990). Project 2061: Science for all
Americans. Oxford University Press.

American Association for the Advancement of Science. (1993). Benchmark for Science literacy:
A Project 2061 report. New York: Oxford University Press.

Auerbach, S. (2017). Curriculum alignment with vision and change improves student scientific
literacy. CBE Life Sciences Education, 16(2). https://doi.org/10.1187/cbe.16-04-0160

Aubrecht, K. B. (2020). Information literacy and science communication in undergraduate
courses that connect chemistry to sustainability. In Chemistry Education for a
Sustainable Society Volume 2: Innovations in Undergraduate Curricula (pp. 1-14).
American Chemical Society.

Aydin, Y. C., & Uzuntiryaki, E. (2009). Development and psychometric evaluation of the high
school chemistry self-efficacy scale. Educational and Psychological Measurement, 69(5),

868-880. https://doi.org/10.1177/0013164409332213

80



Baldwin, J. A., Ebert-May, D., & Burns, D. J. (1999). The development of a college biology self-
efficacy instrument for nonmajors. Science Education, 83(4), 397-408.
https://doi.org/10.1002/(S1CI1)1098-237X(199907)

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory.
Englewood Cliffs, NJ: Prentice Hall.

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual Review of
Psychology, .52, 1-26. https://doi.org/10.1146/annurev.psych.52.1.1

Bandura, A. (2008). Are we free: Psychology and free will. Oxford University Press.

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change. Psychological
Review, 84(2), 191. https://doi.org/10.1037/0033-295X.84.2.191

Bandura, A. (1986). The explanatory and predictive scope of self-efficacy theory. Journal of
Social and Clinical Psychology, 4(3), 359-373. https://doi.org/10.1521/jscp.1986.4.3.359

Bandura, A. (1997). Self-efficacy: The exercise of control. Macmillan.

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual review of
Psychology, 52(1), 1-26. https://doi.org/10.1111/1467-839X.00024

Bandura, A. (2011). Social cognitive theory. Handbook of social psychological theories. Sage.

Bandura, A., Barbaranelli, C., Caprara, G. V., & Pastorelli, C. (1996). Multifaceted impact of
self-efficacy beliefs on academic functioning. Child Development, 67(3), 1206-1222.
https://doi.org/10.1111/j.1467-8624.1996.th01791.x

Bandura, A., Barbaranelli C., Caprara, G. V., & Pastorelli, C. (2001). Self-efficacy beliefs as
shapers of children’s aspirations and career trajectories. Child Development, 72(1), 187-
206. https://doi.org/10.1111/1467-8624.00273

Banks, B. K. (2020). Examining the relationship between resiliency factors and academic
achievement in high school graduates (Order No. 27964411). Available from ProQuest
Dissertations & Theses Global. (2406563685).

Bensaude-Vincent, B. (2001). A genealogy of the increasing gap between science and the public.

Public Understanding of Science, 10(1), 99-113. https://doi.org/10.3109/a036858
81



Britner, S. L., & Pajares, F. (2006). Sources of science self-efficacy beliefs of middle school
students. Journal of Research in Science Teaching, 43(5), 485-499.
https://doi.org/10.1002/tea.20131

Britner, S. L. (2008). Motivation in high school science students: A comparison of gender
differences in life, physical, and earth science classes. Journal of Research in
Science Teaching, 45(8), 955-970. https://doi.org/10.1002/tea.20249.

Brown, P. L., Concannon, J. P., Marx, D., Donaldson, C., & Black, A. (2016). An examination
of middle school students' STEM self-efficacy, interests and perceptions. Journal of
STEM Education: Innovations and Research, 17(3). https://www.jstem.org/jstem/

Byrne, B. M. (2001). Structural equation modeling with AMOS, EQS, and LISREL.:
Comparative approaches to testing for the factorial validity of a measuring instrument.
International Journal of Testing, 1(1), 55-86.
https://doi.org/10.1207/S153275741JT0101_4

Calderon Galdeano, E., & Santiago, D.A. (2014). “Hispanic Serving Institutions (HSIs) 2012-
2013.” Excelencia in Education

Campbell, B., & Lubben, F. (2000). Learning science through contexts: Helping pupils make
sense of everyday situations. International Journal of Science Education, 22(3), 239-252.
https://doi.org/10.1080/095006900289859

Caprara, G. V., Fida, R., Vecchione, M., Del Bove, G., Vecchio, G. M., Barbaranelli, C., &
Bandura, A. (2008). Longitudinal analysis of the role of perceived self-efficacy for self-
regulated learning in academic continuance and achievement. Journal of Educational
Psychology, 100(3), 525. https://doi.org/10.1037/0022-0663.100.3.525

Carlone, H. B., Scott, C. M., & Lowder, C. (2014). Becoming (less) scientific: A longitudinal
study of students' identity work from elementary to middle school science. Journal of
Research in Science Teaching, 51(7), 836-869. https://doi.org/10.1002/tea.21150

Carlsen, W. S. (2007). Language and science learning. Handbook of research on science

education, 57-74.
82



Chandler, J. R. (2017). [Relationship between science literacy, motivation, and achievement].
Unpublished raw data.

Chemers, M. M., Zurbriggen, E. L., Syed, M., Goza, B. K., & Bearman, S. (2011). The role of
efficacy and identity in science career commitment among underrepresented minority
students. Journal of Social Issues, 67(3), 469-491. https://doi.org/10.1111/j.1540-
4560.2011.01710.x

Chen, H., Chiang, R. H., & Storey, V. C. (2012). Business intelligence and analytics: From big
data to big impact. MIS Quarterly, 1165-1188. https://doi.org/10.2307/41703503

Chen, J. A., & Pajares, F. (2010). Implicit theories of ability of Grade 6 science students:
Relation to epistemological beliefs and academic motivation and achievement in science.
Contemporary Educational Psychology, 35(1), 75-87.
https://doi.org/10.1016/j.cedpsych.2009.10.003

Cheung, D., & Cheung, D. (2015). The Combined Effects of Classroom Teaching and Learning
Strategy Use on Students’ Chemistry Self-Efficacy. Research in Science Education,
45(1), 101-116. https://doi.org/10.1007/s11165-014-9415-0

Chin, C., & Brown, D. E. (2000). Learning in science: A comparison of deep and surface
approaches. Journal of Research in Science Teaching: The Official Journal of the
National Association for Research in Science Teaching, 37(2), 109-138.
https://doi.org/10.1002/(SIC1)1098-2736(200002)37:2<109::AID-TEA3>3.0.CO;2-7

Chiou, G. L., & Liang, J. C. (2012). Exploring the structure of science self-efficacy: A model
built on high school students' conceptions of learning and approaches to learning in
science. Asia-Pacific Education Researcher (De La Salle University Manila), 21(1).
http://xsite.dIsu.edu.ph/research/journals/taper/default.asp

Clinger, A. F. (2014) Processes utilized by high school students reading scientific text (Doctoral
dissertation). Available from ProQuest Dissertations and Theses database. (UMI No.

3623811).

83



Clough, G. W. (2011). Increasing scientific literacy: A shared responsibility. Smithsonian
Institution.

Coke, P. (2014). Determining the alignment between what teachers are expected to teach, what
they know, and how they assess scientific literacy (Doctoral dissertation). Available from
ProQuest Dissertations and Theses database. (UMI No. 3624327)

Cornell Law School. (2020). National defense education act of 1958, Pub. L. No. 85-864. (1958).
https://www.law.cornell.edu/topn/national_defense_education_act_of 1958

Dalgety, J., & Coll, R. K. (2006). Exploring first-year science students' chemistry self-efficacy.
International Journal of Science and Mathematics Education, 4(1), 97-116.
https://doi.org/10.1007/s10763-005-1080-3

DiBenedetto, M. K., & Bembenutty, H. (2013). Within the pipeline: Self-regulated learning, self-
efficacy, and socialization among college students in science courses. Learning and
Individual Differences, 23, 218-224. https://doi.org/10.1016/j.lindif.2012.09.015

Dibenedetto, C. A. (2015). Teachers' perceptions of their proficiency and responsibility to teach
the knowledge, skills, and dispositions required of high school students to be career
ready in the 21st century (Order No. 3729140). Available from ProQuest Dissertations &
Theses Global. (1727740149).

Diseth, A. (2011). Self-efficacy, goal orientations and learning strategies as mediators between
preceding and subsequent academic achievement. Learning and individual differences,
21(2), 191-195. https://doi.org/10.1016/j.1indif.2011.01.003

Dorfman, B., & Fortus, D. (2019). Students' self-efficacy for science in different school systems.
Journal of Research in Science Teaching, 56(8), 1037— 1059
http://doi.org/10.1002/tea.21542

Duschl, R. (2008). Science education in three-part harmony: Balancing conceptual, epistemic,
and social learning goals. Review of Research in Education, 32(1), 268-291.

https://doi.org/10.3102/0091732X07309371

84



Eccles, J. S., & Wang, M. T. (2016). What motivates females and males to pursue careers in
mathematics and science? International Journal of Behavioral Development, 40(2), 100-
106. https://doi.org/10.1177/0165025415616201

Farrington, C. A., Roderick, M., Allensworth, E., Nagaoka, J., Keyes, T. S., Johnson, D. W., &
Beechum, N. O. (2012). Teaching Adolescents to Become Learners: The Role of
Noncognitive Factors in Shaping School Performance--A Critical Literature Review.
Consortium on Chicago School Research. 1313 East 60th Street, Chicago, IL 60637.

Feinstein, N. (2011). Salvaging science literacy. Science Education, 95(1), 168-185.
https://doi.org/10.1002/sce.20414

Ferrell, B., & Barbera, J. (2015). Analysis of students' self-efficacy, interest, and effort beliefs in
general chemistry. Chemistry Education Research and Practice, 16(2), 318-337.
https://doi.org/10.1039/C4RP00152D

Fouad, N. A., & Smith, P. L. (1996). A test of a social cognitive model for middle school
students: Math and science. Journal of Counseling Psychology, 43(3), 338.
https://doi.org/10.1037/0022-0167.43.3.338

Foster, J. S., & Shiel-Rolle, N. (2011). Building scientific literacy through summer science
camps: A strategy for design, implementation and assessment. Science Education
International, 22(2), 85-98. http://www.icaseonline.net/journal/index.php/sei

George, R. (2006). A cross-domain analysis of change in students’ attitudes toward science and
attitudes about the utility of science. International Journal of Science Education, 28(6),
571-589. https://doi.org/10.1080/09500690500338755

Glynn, S. M., Taasoobshirazi, G., & Brickman, P. (2009). Science motivation questionnaire:
Construct validation with nonscience majors. Journal of Research in Science Teaching:
The Official Journal of the National Association for Research in Science Teaching, 46(2),

127-146. https://doi.org/10.1002/tea.20267

85



Gormally, C., Brickman, P., & Lutz, M. (2012). Developing a test of scientific literacy Skills
(TOSLS): Measuring undergraduates’ evaluation of scientific information and arguments.
CBE Life Sciences Education, 11(4), 364-377. https://doi.org/10.1187/cbe.12-03-0026

Gottfried, A. E., Fleming, J. S., & Gottfried, A. W. (2001). Continuity of academic intrinsic
motivation from childhood through late adolescence: A longitudinal study. Journal of
Educational Psychology, 93(1), 3. https://doi.org/10.1037/0022-0663.93.1.3

Graham, M. J., Frederick, J., Byars-Winston, A., Hunter, A. B., & Handelsman, J. (2013).
Increasing persistence of college students in STEM. Science, 341(6153), 1455-1456.
https://doi.org/10.1126/science.1240487

Gwilliam, L. R., & Betz, N. E. (2001). Validity of measures of math- and science-related self-
efficacy for African Americans and European Americans. Journal of Career Assessment,
9,261-281. https://doi.org/10.1177/106907270100900304

Hackett, G., & Betz, N. E. (1989). An exploration of the mathematics self-efficacy/mathematics
performance correspondence. Journal for Research in Mathematics Education, 261-273.
https://doi.org/10.2307/749515

Hallak, R., Assaker, G., O’Connor, P., & Lee, C. (2018). Firm performance in the upscale
restaurant sector: The effects of resilience, creative self-efficacy, innovation and industry
experience. Journal of Retailing and Consumer Services, 40, 229-240.
https://doi.org/10.1016/j.jretconser.2017.10.014

Hammer, D., Russ, R., Mikeska, J., & Scherr, R. (2008). Identifying inquiry and conceptualizing
students’ abilities. In Teaching scientific inquiry (pp. 138-156). Brill Sense.

Hidi, S. (2000). An interest researcher's perspective: The effects of extrinsic and intrinsic factors
on motivation. In Intrinsic and extrinsic motivation (pp. 309-339). Academic Press.

Hiller, S. E., & Kitsantas, A. (2016). The validation of the citizen science self-efficacy scale
(CSSES). International Journal of Environmental & Science Education, 11(5), 543 558.

http://www.ijese.net/

86



Holbrook, J., & Rannikmae, M. (2012). The meaning of scientific literacy. International Journal
of Environmental and Science Education, 4(3), 275-288. http://www.ijese.net/

Holmes, G. (2017). An integrated analysis of school students’ aspirations for STEM careers:
Which student and school factors are most predictive? International Journal of Science
and Mathematics Education, 16(4), 655-675. https://doi.org/10.1007/s10763-016-9793-z

Hoy, W. K., Tarter, C. J., & Hoy, A. W. (2006). Academic optimism of schools: A force for
student achievement. American Educational Research Journal, 43(3), 425-446.
https://doi.org/10.3102/00028312043003425

Hudley, C., & Graham, S. (2002). Stereotypes of achievement striving among early adolescents.
Social Psychology of Education, 5, 201-224. https://doi.org/10.1037/0022-0663.83.4.518

Impey, C., Buxner, S., Antonellis, J., Johnson, E., & King, C. (2011). A twenty-year survey of
science literacy among college undergraduates. Journal of College Science Teaching,
40(4), 31-37. https://www.nsta.org/journal-college-science-teaching

Jang, H. (2016). Identifying 21st century STEM competencies using workplace data. Journal of
Science Education and Technology, 25(2), 284-301. https://doi.org/10.1007/s10956-015-
9593-1

Johnson, R. B., & Onwuegbuzie, A. J. (2004). Mixed Methods Research: A Research Paradigm
Whose Time Has Come. Educational Researcher, 33(7), 14-26.
https://doi.org/10.3102/0013189X033007014

Jusino, S. L. (2020). Exploring aspects of science literacy demonstrated by early undergraduate
STEM majors through a manuscript-style writing assignment (Order No. 27771673).
Available from ProQuest Dissertations & Theses Global. (2400330833).

Kardash, C. M. (2000). Evaluation of an undergraduate research experience: Perceptions of
undergraduate interns and their faculty mentors. Journal of Educational Psychology,
1(92), 191 201. https://doi.org/10.1037/0022-0663.92.1.191

Kember, D., Biggs, J., & Leung, D. Y. (2004). Examining the multidimensionality of approaches

to learning through the development of a revised version of the Learning Process
87



Questionnaire. British Journal of Educational Psychology, 74(2), 261-279.
https://doi.org/10.1348/000709904773839879

Kiran, D., & Sungur, S. (2012). Middle school students’ science self-efficacy and its sources:
Examination of gender difference. Journal of Science Education and Technology, 21(5),
619-630. https://doi.org/10.1007/s10956-011-9351-y

Kirsch, 1., Braun, H., Yamamoto, K., & Sum, A. (2007). America's perfect storm: Three forces
changing our nation's future. Educational Testing Service.

Kitsantas, T., Chirinos, D. S., Hiller, S. E., & Kitsantas, A. (2016). An examination of Greek
college students’ perceptions of positive and negative effects of social networking use. In
Social Networking and Education (pp. 129-143). Springer, Cham.

Kjelvik, M. K., & Schultheis, E. H. (2019). Getting messy with authentic data: Exploring the
potential of using data from scientific research to support student data literacy. CBE—
Life Sciences Education, 18(2), es2. https://doi.org/10.1187/cbe.18-02-0023

Klassen, R. M. (2004). A Cross-Cultural Investigation of the Efficacy Beliefs of South Asian
Immigrant and Anglo Canadian Nonimmigrant Early Adolescents. Journal of
Educational Psychology, 96(4), 731. https://doi.org/10.1037/0022-0663.96.4.731

Klassen, R., & Usher, E. (2010). Self-efficacy in educational settings: Recent research and
emerging directions. In the Decade Ahead: Theoretical Perspectives on Motivation and
Achievement: Vol. 16 Part A (pp. 1-33). Emerald Group Publishing Limited.
https://doi.org/10.1108/S0749-7423(2010)000016 A004

Kleintjes Neff, P., Weiss, N. M., Middlesworth, L., Wierich, J., Beilke, E., Lee, J., ... & Pletzer,
J. (2017). Using nonfiction scientific literature for conservation biology education: The
Tigerland effect. Applied Environmental Education & Communication, 16(2), 71-83.
https://doi.org/10.1080/1533015X.2017.1304296

Koballa, T. R., & Glynn, S. M. (2007). Attitudinal and motivational constructs in science

learning. Handbook of Research on Science Education, 1, 85-94.

88



Krapp, A. (2002). Structural and dynamic aspects of interest development: Theoretical
considerations from an ontogenetic perspective. Learning and Instruction, 12(4), 383-
4009. https://doi.org/10.1016/S0959-4752(01)00011-1

Kutner, M., Greenberg, E., Jin, Y., Boyle, B., Hsu, Y. C., & Dunleavy, E. (2007). Literacy in
Everyday Life: Results from the 2003 National Assessment of Adult Literacy. NCES
2007-490. National Center for Education Statistics.

Lederman, N. G. (2007). Nature of science: Past, present, and future. In S. K. Abell & N. G.
Lederman (Eds.), Handbook of research on science education (pp. 831-880). Mahwah:
Lawrence Erlbaum Associates.

Lederman, N. G., & Lederman, J. S. (2014). Research on teaching and learning of nature of
science. In N. G. Lederman & S. K. Abell (Eds.), Handbook of research on science
education (Vol. Il, pp. 600-620). New York: Routledge

Lederman, N. (2019). Contextualizing the Relationship Between Nature of Scientific Knowledge
and Scientific Inquiry: Implications for Curriculum and Classroom Practice. Science &
Education, 28(3), 249-267. https://doi.org/10.1007/s11191-019-00030-8

Lehrer, R., & Schauble, L. (2006). Cultivating model-based reasoning in science education.
Cambridge University Press.

Lent, R. W., Brown, S. D., & Larkin, K. C. (1984). Relation of self-efficacy expectations to
academic achievement and persistence. Journal of Counseling Psychology, 31(3), 356.
https://doi.org/10.1037/0022-0167.31.3.356

Lenz, B. K., Deshler, D. D., & Kissam, B. R. (2004). Teaching content to all: Evidence-based
inclusive practices in middle and secondary schools. Allyn & Bacon.

Lin, T., Tan, A., Lee, M., & Tsai, C. (2017). Evaluating and comparing Singaporean and
Taiwanese eighth graders’ conceptions of science assessment. Research in Science &
Technological Education, 35(4), 391-408.
https://doi.org/10.1080/02635143.2017.1318363

89



Linnenbrink, E. A., & Pintrich, P. R. (2003). The role of self-efficacy beliefs in student
engagement and learning in the classroom. Reading & Writing Quarterly: Overcoming
Learning Difficulties, 19, 119-137. https://doi.org/10.1080/10573560308223

Lynn, M., Bacon, J. N., Totten, T. L., Bridges, T. L., & Jennings, M. (2010). Examining
teachers’ beliefs about African American male students in a low-performing high school
in an African American school district. Teachers College Record, 112(1), 289-330.
https://www.tcrecord.org/

Llorente, R. (2019). Scientists’ opinions and attitudes towards citizens’ understanding of science
and their role in public engagement activities. PloS one, 14(11), e0224262.
https://doi.org/10.1371/journal.pone.0224262

Mau, W. C. (2003). Factors that influence persistence in science and engineering career
aspirations. The Career Development Quarterly, 51(3), 234-243.
https://doi.org/10.1002/j.2161-0045.2003.tb00604.x

Maltese, A.V., Harsh, J.A. & Svetina, D. (2015). Data visualization literacy: investigating data
interpretation along the novice—expert continuum. Journal of College Science Teaching,
45, 84. https://www.jstor.org/stable/43631889

Margolis, H., & Mccabe, P. (2006). Improving Self-Efficacy and Motivation: What to Do, What
to Say. Intervention in School and Clinic, 41(4), 218-227.
https://doi.org/10.1177/10534512060410040401

Mcdonald, T. L. (2020). The Relevance of Science Education (ROSE): Middle Adolescent
Students’ Interests, Experiences and Attitudes Towards Science in The Bahamas
(Doctoral dissertation).

Moneta, G. B., Spada, M. M., & Rost, F. M. (2007). Approaches to studying when preparing for
final exams as a function of coping strategies. Personality and Individual Differences,

43(1), 191-202. https://doi.org/10.1016/j.paid.2006.12.002

90



Mueller, R. O. (1997). Structural equation modeling: Back to basics. Structural Equation
Modeling: A Multidisciplinary Journal, 4(4), 353-369.
https://doi.org/10.1080/10705519709540081

Multon, K. D., Brown, S. D., & Lent, R. W. (1991). Relation of self-efficacy beliefs to academic
outcomes: A meta-analytic investigation. Journal of counseling psychology, 38(1), 30.
https://www.apa.org/pubs/journals/cou

Murphy, P., & Alexander, P. (2000). A motivated exploration of motivation terminology.
Contemporary Educational Psychology, 25, 3-53. https://doi.org/10.1006/ceps.1999.1019

National Academy of Sciences (1996). National science education standards. National Academy
Press.

National Academy of Sciences, National Academy of Engineering, and Institute of Medicine.
(2007). Rising above the gathering storm: Energizing and employing America for a
brighter economic future. The National Academies Press. https://doi.org/10.17226/11463

National Academies of Sciences, Engineering, and Medicine (U.S.), Snow, C. E., & Dibner, K.
(2016). Science literacy: Concepts, contexts, and consequences. National Academies
Press.

National Assessment of Educational Progress. (2015a). Science assessment. The nation’s Report
card. https://www.nationsreportcard.gov/science_2015/#?grade=4

National Assessment of Educational Progress. (2015b). Science assessment. The nation’s Report
card. https://www.nationsreportcard.gov/science_2015/#gaps/chart_loc_1?grade=12

National Center for Education Statistics (2011). The nation’s report card: Science 2009. U.S.
Government Printing Office.

National Science Board. 2015. Revisiting the STEM Workforce, A Companion to Science and
Engineering Indicators 2014, Arlington, VA: National Science Foundation (NSB-2015-
10). https://nsf.gov/pubs/2015/nsb201510/nsb201510.pdf

National Science Board. (2018). Science and engineering indicators (Policy Companion

Brief No. NSB-2018-7). https://www.nsf.gov/nsb/sei/companion-brief/NSB2018-7.pdf
91



National Research Council. (1996). National science education standards. Washington, DC: The
National Academies Press.

National Research Council. (2012). A framework for K-12 Science Education: Practices,
crosscutting concepts, and core ideas. Committee on a conceptual framework for new k-
12 science education standards. board of science education, division of behavioral and
social sciences and education. The National Academies Press.

National Research Council. (2013). Next generation science standards: For states, by states. The
National Academies Press. https://doi.org/10.17226/18290

National Research Council. (2014). Literacy for science: Exploring the intersection of the Next
generation science standards and common core for ELA standards: A workshop
summary. The National Academies Press. https://doi.org/10.17226/18803

National Science Board. (2020). Bachelor's degree holders among individuals 2544 Years old.
https://ncses.nsf.gov/indicators/states/indicator/bachelors-degree-holders-per-25-44-
yearolds

National Science Teachers Association. (1982). Science-technology-society: Science education
for the 1980s. Washington, DC: Author.

Neidorf, T., Stephens, M., Lasseter, A., Gattis, K., Arora, A., Wang, Y., ... Rahman, T. (2015).
A comparison between the NGSS and the NAEP frameworks in science, technology and
engineering literacy, and mathematics. Washington, DC: National Center for Education
Statistics.
https://nces.ed.gov/nationsreportcard/subject/science/pdf/ngss_naep_technical_report.pdf

Next Generation Science Standards Lead States. (2013). Next generation science standards: For
states, by states. The National Academies Press. https://doi.org/10.17226/18290

Nicolaidou, M., & Philippou, G. (2003). Attitudes towards mathematics, self-efficacy and
achievement in problem solving. European Research in Mathematics Education Il1. Pisa:

University of Pisa, 1-11.

92



Nolen, S. B. (2003). Learning environment, motivation, and achievement in high school science.
Journal of Research in Science Teaching, 40(4), 347-368.
https://doi.org/10.1002/tea.10080.

Nuhfer, E. B., Cogan, C. B., Kloock, C., Wood, G. G., Goodman, A., Delgado, N. Z., &
Wheeler, C. W. (2016). Using a concept inventory to assess the reasoning component of
citizen-level science literacy: Results from a 17,000-student study. Journal of
Microbiology & Biology Education, 17(1), 143-155.
https://doi.org/10.1128/jmbe.v17i1.1036

O'Connor, B. (2018). Factors contributing to science self-efficacy in an early college high school
setting (Order No. 10991689). Available from ProQuest Dissertations & Theses Global.
(2121198678).

Organisation for Economic Co-Operation and Development. (2000). Measuring student
knowledge and skills: The PISA 2000 assessment of reading, mathematical, and scientific
literacy.
http://lwww.oecd.org/education/school/programmeforinternationalstudentassessmentpisa/
33692793.pdf

Organization for Economic Co-Operation and Development (OECD). (2004). Scientific literacy.
The PISA 2003 Assessment Framework: Mathematics, reading, science and problem
solving knowledge and skills, 131-152.
http://www.oecd.org/education/school/programmeforinternationalstudentassessmentpisa/
33694881.pdf

Organization for Economic Co-Operation and Development. (2006). Assessing Scientific,
Reading and Mathematical Literacy: A Framework for PISA 2006.
http://dx.doi.org/10.1787/9789264026407-en

Organisation for Economic Co-Operation and Development. (2007). PISA 2006: Science
competencies for tomorrow's world: Vol. 1: Analysis.

https://doi.org/10.1787/9789264040014-en
93



Organisation for Economic Co-Operation and Development. (2016). PISA 2015 results: Vol. I:
Excellence and equity in education. https://doi.org/10.1787/9789264266490-en

Organisation for Economic Co-Operation and Development. (2017). PISA for development brief
10: How does PISA for development measure scientific literacy?
https://www.oecd.org/pisa/pisa-for-development/10-How-PISA-D-measures-
scienceliteracy.pdf

Organisation for Economic Co-Operation and Development. (2019). Science performance: PISA
indicator. https://doi.org/10.1787/91952204-en

Pajares, F. (1997). Current directions in self-efficacy research. Advances in Motivation and
Achievement, 10(149), 1-49.
https://www.emeraldgrouppublishing.com/archived/products/books/series.htm%3Fid%3
D0749-7423

Pajares, F. (1996). Self-efficacy beliefs in academic settings. Review of Educational Research,
66(4), 543-578. https://doi.org/10.3102/00346543066004543

Pajares, F. (2002). Gender and perceived self-efficacy in self-regulated learning. Theory into
Practice, 41(2), 116-125. https://doi.org/10.1207/s15430421tip4102_8

Pajares, F. (2003). Self-efficacy beliefs, motivation, and achievement in writing: A review of the
literature. Reading &Writing Quarterly, 19(2), 139-158.
https://doi.org/10.1080/10573560308222

Pastorelli, C., Caprara, G. V., Barbaranelli, C., Rola, J., Rozsa, S., & Bandura, A. (2001). The
structure of children's perceived self-efficacy: A cross-national study. European Journal
of Psychological Assessment, 17(2), 87. https://doi.org/10.1027/1015-5759.17.2.87

Picone, C., Rhode, J., Hyatt, L., & Parshall, T. (2007). Assessing gains in undergraduate
students’ abilities to analyze graphical data. Teaching Issues and Experiments in Ecology,

5(July), 1-54. https://tiee.esa.org/

94



Pintrich, P. R., & De Groot, E. V. (1990). Motivational and self-regulated learning components
of classroom academic performance. Journal of Educational Psychology, 82(1), 33.
https://doi.org/10.1037/0022-0663.82.1.33

Pelger, S., & Nilsson, P. (2016). Popular Science Writing to Support Students’ Learning of
Science and Scientific Literacy. Research in Science Education, 46(3), 439-456.
https://doi.org/10.1007/s11165-015-9465-y

Phan, H. P. (2007). An examination of reflective thinking, learning approaches, and self-efficacy
beliefs at the University of the South Pacific: A path analysis approach. Educational
Psychology, 27(6), 789-806. https://doi.org/10.1080/01443410701349809

Phan, H. P. (2011). Deep processing strategies and critical thinking: Developmental trajectories
using latent growth analyses. The Journal of Educational Research, 104(4), 283-294.
https://doi.org/10.1080/00220671003739382

Pintrich, P. R., & Schunk, D. H. (2002). Motivation in education: Theory, research and
applications (2nd ed.). Englewood Cliffs, NJ: Prentice Hall Merrill.

Plunk, A. D., Tate, W. F., Bierut, L. J., & Grucza, R. A. (2014). Intended and unintended effects
of state-mandated high school science and mathematics course graduation requirements
on educational attainment. Educational Researcher, 43(5), 230-241.
https://doi.org/10.3102/0013189X 14540207

Porter, J. A., Wolbach, K. C., Purzycki, C. B., Bowman, L. A., Agbada, E., & Mostrom, A. M.
(2010). Integration of information and scientific literacy: Promoting literacy in
undergraduates. CBE—L.ife Sciences Education, 9(4), 536-542.
https://doi.org/10.1187/cbe.10-01-0006

Porticella, N., Phillips, T., Bonney, R. (2017). Self-Efficacy for Learning and Doing
Science Scale (SELDS, Generic). Technical Brief Series. Cornell Lab of Ornithology,
Ithaca NY.

95



Prat-Sala, M., & Redford, P. (2010). The interplay between motivation, self-efficacy, and
approaches to studying. British Journal of Educational Psychology, 80(2), 283-305.
https://doi.org/10.1348/000709909X480563

President's Council of Advisors on Science and Technology. (2010). Prepare and Inspire: K-12
education in science, technology, engineering, and math (STEM) for America's future.
https://nsf.gov/attachments/117803/public/2a--Prepare_and_Inspire--PCAST .pdf

Pressley, M., Dolezal, S. E., Raphael, L. M., Mohan, L., Roehrig, A. D., & Bogner, K. (2003).
Motivating primary-grade students. New York: Guilford.

Prunckun, H. (2016). Scientific methods of inquiry for intelligence analysis (2nd ed.). Rowman
& Littlefield.

Rice, L., Barth, J. M., Guadagno, R. E., Smith, G. P., & McCallum, D. M. (2013). The role of
social support in students’ perceived abilities and attitudes toward math and science.
Journal of Youth and Adolescence, 42(7), 1028-1040. https://doi.org/10.1007/s10964-
012-9801-8

Ristanto, R., & Darmawan, E. (2020). Biology reading literacy: measurement and empowerment
through circ learning model. Journal for the Education of Gifted Young Scientists, 8(4),
1305-1318. https://doi.org/10.17478/jegys.679378

Roberts, D. A., & Bybee, R. W. (2014). Scientific literacy, science literacy, and science
education. Handbook of Research on Science Education, 2, 545-558.

Rodriguez, R. C., Bingham, T., & Hughes, C. D. (2017). My Community and Me: Using
Communication Skills across Content Areas. English in Texas, 47(1), 29-31.
http://www.tctela.org

Roth, W., & Lee, S. (2002). Scientific literacy as collective praxis. Public Understanding of
Science, 11, 1-24. https://doi.org/10.1088/0963-6625/11/1/302

Russell, C. B. (2008). Development and Evaluation of a Research-Based Undergraduate
Laboratory Curriculum. Doctoral Thesis, Purdue University.

Salisbury, F., & Karasmanis, S. (2011). Are they ready? Exploring student
96



information literacy skills in the transition from secondary to tertiary education.
Australian Academic & Research Libraries, 42(1), 43-58.
https://doi.org/10.1080/00048623.2011.10722203

Scheufele, D. A. (2014). Science communication as political communication. Proceedings of the
National Academy of Sciences, 111(Supplement 4), 13585-13592.
https://doi.org/10.1073/pnas.1317516111

Schunk, D. H. (1995). Self-efficacy and education and instruction. In Self-efficacy, adaptation,
and adjustment (pp. 281-303). Springer.

Schunk, D. H. (1995). Self-efficacy, motivation, and performance. Journal of Applied Sport
Psychology, 7(2), 112-137. https://doi.org/10.1080/10413209508406961

Schunk, D. H., & Meece, J. L. (2006). Self-efficacy beliefs of adolescents. Information Age
Publishing.

Schunk, D., H. (2012). Learning theories: An educational perspective (6th ed.). Pearson
Education Inc.

Shaffer, J. F., Ferguson, J., & Denaro, K. (2019). Use of the test of scientific literacy skills
reveals that fundamental literacy is an important contributor to scientific literacy. CBE—
Life Sciences Education, 18(3), ar31. https://doi.org/10.1187/cbe.18-12-0238

Sharma, S. (2017). Scientific literacy education: Reflections from Fiji. Asia-Pacific Forum on
Science Learning and Teaching, 18(2), 1-13.
https://www.eduhk.hk/apfslt/v18_issue2/sharma/page3.htm

Sinclair, S., Hardin, C. D., & Lowery, B. S. (2006). Self-stereotyping in the context of multiple
social identities. Journal of Personality and Social Psychology, 90, 529-542.
https://doi.org/10.1037/0022-3514.90.4.529

Simpkins, S.D., Davis-Kean, P.E., & Eccles, J.S. (2006). Math and science motivation: A
longitudinal examination of the links between choices and beliefs. Developmental

Psychology, 42(1), 70-83. https://doi.org/10.1037/0012-1649.42.1.70

97



Simpson, A., & Bouhafa, Y. (2020). Youths’ and adults’ identity in STEM: A systematic
literature review. Journal for STEM Education Research, 1-28.
https://doi.org/10.1007/s41979-020-00034-y

Smist, J. M. (1993). General chemistry and self-efficacy. Chicago, IL: National Meeting of the
American Chemical Society.

Smith, M., Worker, S., Ambrose, A., & Schmitt-McQuitty, L. (2015). Scientific literacy:
California 4-H defines it from citizens' perspective. California Agriculture, 69(2), 92-97.
https://doi.org/10.3733/ca.v069n02p92

Sparks, S. D. (2016). Snapshot: TIMSS, PISA results highlight global math and science gaps.
https://www.edweek.org/ew/section/multimedia/summing-up-results-from-timsspisa.html

Stilgoe, J., Lock, S. J., & Wilsdon, J. (2014). Why should we promote public engagement
with science? Public Understanding of Science, 23(1), 4-15.
https://doi.org/10.1177/0963662513518154

Strimel, G. J. (2013). Engineering by design: Preparing students for the 21st century.
https://www.researchgate.net/publication/316368830_Engineering_by_ Design_Prepa
ring_Students_For_the_21st Century

Suwono, H., Saefi, M., & Susilo, H. (2019). Challenge based learning to improve scientific
literacy of undergraduate biology students. In AIP Conference Proceedings (Vol.

2081, No. 1, p. 030020). AIP Publishing LLC.

Tamir, P., Stavy, R., & Ratner, N. (1998). Teaching science by inquiry: assessment and learning.
Journal of Biological Education, 33(1), 27-32.
https://doi.org/10.1080/00219266.1998.9655633

Teitelbaum, M. S. (2014). Falling behind: Boom, bust, and the global race for scientific talent.
Princeton University Press.

Texas Education Agency. (2014). Texas essential knowledge and skills for career and technical

education, 19 Tex. Admin. Code §130.372.

98



https://tea.texas.gov/sites/default/files/130.372_Scientific%20Research%20and%20Desig
n.pdf

The White House. (2017). President Trump signs memorandum for STEM education funding.
https://www.whitehouse.gov/articles/president-trump- signsmemorandum-stem-
education-funding/

Topgu, M., Arikan, S., & Erbilgin, E. (2014). Turkish students’ science performance and related
factors in PISA 2006 and 2009. Australian Educational Researcher, 42(1), 117-132.
https://doi.org/10.1007/s13384-014-0157-9

Trujillo, G., & Tanner, K. D. (2014). Considering the role of affect in learning: Monitoring
students' self-efficacy, sense of belonging and Science Identity. CBE Life Sciences
Education, 13(1), 6— 15. https://doi.org/10.1187/cbe.13-12-0241

Tsai, C. C., Ho, H. N. J,, Liang, J. C., & Lin, H. M. (2011). Scientific epistemic beliefs,
conceptions of learning science and self-efficacy of learning science among high school
students. Learning and Instruction, 21(6), 757-769.
https://doi.org/10.1016/j.learninstruc.2011.05.002

Tuan, H. L., Chin, C. C., & Shieh, S. H. (2005). The development of a questionnaire to measure
students’ motivation towards science learning. International Journal of Science
Education, 27(6), 639-654. https://doi.org/10.1080/0950069042000323737

Ucar, F. M., & Sungur, S. (2017). The role of perceived classroom goal structures, self-efficacy,
and engagement in student science achievement. Research in Science & Technological
Education, 35(2), 149-168. https://doi.org/10.1080/02635143.2017.1278684

US Department of Education. (2010). No child left behind act of 2001, Pub. L. No. 107-110, 8§
6319 (2002). https://wwwz2.ed.gov/policy/elsec/leg/esea02/index.html

US Department of Education. (2017). Every student succeeds act of 2015, Pub. L. No. 114-95, §

114, (2015). https://www.ed.gov/essa?src=rn

99



Usher, E. L., & Pajares, F. (2006). Sources of academic and self-regulatory efficacy beliefs of
entering middle school students. Contemporary Educational Psychology, 31(2), 125-141.
https://doi.org/10.1016/j.cedpsych.2005.03.002

Uzuntiryaki, E., & Aydin, Y. C. (2009). Development and validation of chemistry self-efficacy
scale for college students. Research in Science Education, 39(4), 539-551.
https://doi.org/10.1007/s11165-008-9093-x

Warren, B., Ballenger, C., Ogonowski, M., Rosebery, A. S., & Hudicourt-Barnes, J. (2001).
Rethinking diversity in learning science: The logic of everyday sense-making. Journal of
Research in Science Teaching: The Official Journal of the National Association for
Research in Science Teaching, 38(5), 529-552. https://doi.org/10.1002/tea.1017

Wenner, G. (2003). Comparing poor, minority elementary students’ interest and background in
science with that of their White, affluent peers. Urban Education, 38, 153-172.
https://doi.org/10.3102/0002831211426200

White, A. M., DeCuir-Gunby, J. T., & Kim, S. (2019). A mixed methods exploration of the
relationships between the racial identity, science identity, science self-efficacy, and
science achievement of African American students at HBCUs. Contemporary
Educational Psychology, 57, 54-71. https://doi.org/10.1016/j.cedpsych.2018.11.006

White, S., & McCloskey, M. (2003). Framework for the 2003 National assessment of adult
literacy (NCES 2005-531). U.S. Department of Education.

Willden, J. L., Crowther, D. T., Gubanich, A. A., & Cannon, J. R. (2002). A Quantitative
comparison of instruction format of undergraduate introductory level content biology
courses: traditional lecture approach vs. inquiry based for education majors.
http://aets.chem.pitt.edu

Vacca R. T., Vacca J. L. (2002). Content area reading (7th ed.). Boston: Allyn & Bacon.

Vacca, R.T., Vacca, J.A.L., & Mraz, M. (2014). Content area reading: Literacy and learning

across the curriculum. Pearson Education

100



Van Der Linden, S. L., Leiserowitz, A. A., Feinberg, G. D., & Maibach, E. W. (2014). How to
communicate the scientific consensus on climate change: plain facts, pie charts or
metaphors? Climatic Change, 126(1), 255-262. https://doi.org/10.1007/s10584-014-1190-
4

Velayutham, S., Aldridge, J.M., & Fraser, B.J. (2012). Gender differences in student motivation
and self-regulation in science learning: A multi-group structural equation modelling
analysis. International Journal of Science and Mathematics Education, 10, 1347—-1368.
https://doi.org/10.1007/s11165-011-9273-y

Villafafie, S. M., Garcia, C. A., & Lewis, J. E. (2014). Exploring diverse students' trends in
chemistry self-efficacy throughout a semester of college-level preparatory chemistry.
Chemistry Education Research and Practice, 15(2), 114— 127.
https://doi.org/10.1039/C3RP00141E

Villafafie, S. M., & Lewis, J. E. (2016). Exploring a measure of science attitude for different
groups of students enrolled in introductory college chemistry. Chemistry Education
Research and Practice, 17(4), 731-742. https://doi.org/10.1039/C5RP00185D

Zientek, L. R., & Thompson, B. (2010). Using commonality analysis to quantify contributions
that self-efficacy and motivational factors make in mathematics performance. Research
in the Schools, 17(1), 1. http://www.msera.org/publications-rits.html

Zimmerman, B. J., Bandura, A., & Martinez-Pons, M. (1992). Self-motivation for academic
attainment: The role of self-efficacy beliefs and personal goal setting. American
Educational Research Journal, 29(3), 663-676.
https://doi.org/10.3102/00028312029003663

Zimmerman, B. J. (1990). Self-regulated learning and academic achievement: An overview.
Educational Psychologist, 25(1), 3-17. https://doi.org/10.1207/s15326985ep2501 2

Zimmerman, B. J., & Kitsantas, A. (2005). The Hidden dimension of personal competence: Self-
regulated learning and practice. In A. J. Elliot & C. S. Dweck (Eds.), Handbook of

competence and motivation (p. 509-526). Guilford Publications.
101



Zusho, A., Pintrich, P. R., & Coppola, B. (2003). Skill and will: The role of motivation and
cognition in the learning of college chemistry. International Journal of Science

Education, 25(9), 1081-1094. https://doi.org/10.1080/0950069032000052207

102



APPENDIX A:
COVER LETTER PRESENTED THROUGH QUALTRICS

University of Houston " Clear Lake
Dear Student:

Greetings! You are being solicited to complete the Test of Scientific Literacy and science self-
efficacy survey. The purpose of these surveys is to examine the relationship between scientific
literacy and science self-efficacy in undergraduate students. The data obtained from this study
will allow me to understand the relationship between scientific literacy and science self-efficacy
which can be useful in increasing student science self-efficacy.

Please answer all questions completely. Filling out the attached survey is entirely voluntary but
answering each response will make the survey most useful. This survey will take approximately
35-45 minutes to complete and all of your responses will be kept completely confidential. No
obvious undue risks will be endured, and you may stop your participation at any time. In
addition, you will also not benefit directly from your participation in the study.

Title of Study: The relationship between scientific literacy and science self-efficacy in
undergraduate science students

Principal Investigator: Faryal Shaukat

Student Researcher: Faryal Shaukat

Faculty Sponsor: Dr. Omah Duncan

Purpose: The purpose of this research is to investigate the relationship between scientific
literacy and science self-efficacy in students in undergraduate biology courses.

Procedures: You will take a science self-efficacy survey which is 8 questions and then take the
test of scientific literacy which consists of 28 multiple choice questions which need to be
answered within 35 minutes without the use of a calculator.

Expected Duration: The total anticipated time commitment will be approximately 36-45
minutes.

Risks of Participation: There are no anticipated risks associated with participation in this
project.

Benefits to the Subject: There is no direct benefit received from your participation in this
study, but your participation will help the investigator(s) better understand: the relationship
between science self-efficacy and scientific literacy in undergraduate science students.
Confidentiality of Records: Every effort will be made to maintain the confidentiality of your
study records. The data collected from the study will be used for educational and publication
purposes, however, you will not be identified by name. For federal audit purposes, the
participant’s documentation for this project will be maintained and safeguarded for a minimum
of three years after completion of the study. After that time, the participant’s documentation
may be destroyed.

Financial Compensation: There is no financial compensation to be offered for participation in
the study.

Investigator’s Right to Withdraw Participant: The investigator has the right to withdraw you
from this study at any time.

Contact Information for Questions or Problems: If you have additional questions during the
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course of this study about the research or any related problems, you may contact the Student
Researcher, Faryal Shaukat, by email at shaukatf8421@uhcl.edu.

The purpose of this study, procedures to be followed, and explanation of risks or benefits have
been explained to you. You have been allowed to ask questions and your questions have been
answered to your satisfaction. You have been told who to contact if you have additional
questions. You have read this consent form and voluntarily agree to participate as a subject in
this study. You are free to withdraw your consent at any time by contacting the Principal
Investigator or Student Researcher/Faculty Sponsor.

Your cooperation is greatly appreciated and your willingness to participate in this study is
implied if you proceed with completing the survey. Your completion of the surveys is not only
greatly appreciated, but invaluable. If you have any further questions, please feel free to contact
me at shaukatf8421@uhcl.edu. Thank you!

Sincerely

Faryal Shaukat

Doctoral Student
College of Education
Shaukatf8421@uhcl.edu

By clicking the button below, you acknowledge your voluntary participation in this research
project. Such participation does not release the investigator(s), institution(s), sponsor(s) or
granting agency(ies) from their professional and ethical responsibility to you. By signing the
form, you are not waiving any of your legal rights.

| Consent, Continue to Survey

| Do Mot Consent

pe
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APPENDIX B:
SELF-EFFICACY FOR LEARNING AND DOING SCIENCE (SELDS) BY CORNELL LAB
OF ORNITHOLOGY EVALUATION RESEARCH

Flease indicate how much you DISAGREE or AGREE with each of the following statements by circling
the number in the appropriate column. Please respond as you really feel, rather than how you think
“maost people” feel.

Strongly
Disagree

Strongly

Disagree MNeutral Agree Agree

&

These statements are about how you feel about learning and understanding science topics.

1. | think I'm pretty good at understanding
science topics,

2. Compared to other people my age, |
think | can quickly understand new 1 2 3 & 5
science topics,

3. It takes me a long time to understand
new science topics,

4. | feel confident in my ability to explain
science topics to others.

These statements are about how you feel about doing scientific activities.

t. | think I'm pretty good at following

instructions for scientific activities. . : 3 “ 3
6. Compared to other people my age, |

think | can do scientific activities pretty 1 2 3 & 5
well,

7. It takes me a long time to understand . .

how to do scientific activities. 3 “ 3
B. | feel confident about my ability to

explain how to do scientific activities to 1 2 3 & 5

others.
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APPENDIX C:
TEST OF SCIENTIFIC LITERACY SKILLS ASSESSMENT

Directions: There are 28 multiple-choice questions. You will have about 35 minutes to

work on the questions. Be sure to answer as many of the questions as you can in the

time allotted.

Mark your answers on the scantron sheet.

Bubble in your #1D on your scantron.

Do NOT use a calculator. Thank you for your participation in this project!

1. Which of the following is a valid scientific argument?

a.

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.

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.

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.

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.

2. 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 A 8 shows the best
representation of your data? =
s
Time Insect jg; /
(days) Population 2
(number) &
2 7 8 | C D
4 16 £
8 60 = J
1 123 z

Time in days
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3. Astudy about life expectancy was conducted using a random sample of 1,000
participants from the United States. In this sample, the average life expectancy was
80.1 years for females and 74.9 years for males. What is one way that you can
increase your certainty that women truly live longer than men in the United States’
general population?

a.  Subtract the average male life expectancy from the average female expectancy.
If the value is positive, females live longer.

b. Conduct a statistical analysis to determine if females live significantly longer
than males.

c. Graph the mean (average) life expectancy values of females and males and
visually analyze the data.

d. There is no way to increase your certainty that there is a difference between
sexes.

4. 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?

a. Researchers randomly assign participants to experimental and control groups.
Females make up 35% of the experimental group and 75% of the control group.

b. 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.

c. 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.

d. 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.

5. Which of the following actions is a valid scientific course of action?

a. 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.

b.  Journalists give equal credibility to both sides of a scientific story, even though
one side has been disproven by many experiments.

c. 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.

d. 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.
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Background for question 6: The following graph appeared in a scientific article?

about the effects of pesticides on tadpoles in their natural environment.

6.

7.

o~
83 100
; =~ 80
58 60
gg 40
@
J4 0 2 | I [_]
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Fig. 2. Total survival of Leopard frog tadpoles hiving in ponds with 2 pesticides added
(Malatluon and Roundup) and 2 tadpole predators present (newts and beetles)

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?

a. The Malathion Killed the tadpoles, causing the beetles to be hungrier and eat

more tadpoles.
b.  The Malathion killed the tadpoles, so the beetles had more food and their

population increased.

c. The Malathion Killed the beetles, causing fewer tadpoles to be eaten.

d. The Malathion killed the beetles, causing the tadpole population to prey on each
other.

Which of the following is the best interpretation of the graph below?

Type A Type B

32%

4%

8% S &1 No tumor

F Lymphoma

@ Carcinoma
40%

W Adenoma,
Luna

OSarcoma

N

16%

Tumors found in type A and type B mice. Etvart depicts relative incidence of tumors.
Numbers outside each slice denote the percentage of specific tumor type.

! Modified from Relyea, R.A., N.M. Schoeppner, J.T. Hoverman. 2005. Pesticides and amphibians: the

importance of community context. Ecological Applications 15: 1125-1134
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a. Type “A” mice with Lymphoma were more common than type “A” mice with
no tumors.
b. Type “B” mice were more likely to have tumors than type “A” mice.
. Lymphoma was equally common among type “A” and type “B” mice.
d. Carcinoma was less common than Lymphoma only in type “B” mice.

8. 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 strongest evidence supporting the effectiveness of the Shake Weight for
increasing muscle strength?

a.  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.

b. Compared to a resting state, users of the Shake Weight had a 300% increase in
blood flow to their muscles when using the product.

c. Survey data indicates that users of the Shake Weight reported significantly
greater muscle tone compared to users of standard dumbbells.

d. 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.

9. Which of the following is not an example of an appropriate use of science?

a. 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.

b.  Scientists are selected to help conduct a government-sponsored research study
on global climate change based on their political beliefs.

c. The Fish & Wildlife Service reviews its list of protected and endangered
species in response to new research findings.

d. The Senate stops funding a widely used sex-education program after studies
show limited effectiveness of the program.
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Background for question 10: Your interest is piqued by a story about human

pheromones on the news. A Google search leads you to the following website:

EROS FOUND

EROS

EROS
SCIENCE

PHEROMONE
DISCOVERY

BOOKS AND
PRODUCTS

EROS PHEROMONE

Wel to th 10X FOR MEN Eros Science...
eicome to 2 e EROS PHEROMONE | Fragrance additives  atifie Discoveries In the
Eros Foundatlon 10X FOR WOMEN SE to enhance sex-appeal sles by and Scientific
R = & — s Bibli hy  C ity
H Nl 2 biomedical research facility S o X
To Order From Eros Scholarly Peer-Reviewed Published Eros

Science

In December 2010, the International Menopause
Society jounal published Dr. Baxter's invited
review of a published paper showing breast cancer
scemed to decrease. The 2002 WHI study and
subsequent media caused women to stop using
hormone replacement therapy.

Founded in 1995 by
Dr. Millicent Baxter
President,

Privacy Protection
€ snare | Y K ¥

Explore the Site

Biologist and co-discoverer of
pheromones in humans

and author of: Baxter, M, McColl NL, Leiberman, E, Calabrese-
Eros Home . ' Stone E, (2000) Sexual response in women,
= ; The Smart Woman's Guide to Obstetrics & G logy 95-4(Supn} April
Top Stories ) : : stetrics & Gynecology 95:4(Supplement) Apni
Hormonal and Alternative Therapies for Menopause 2000, 19S.
Dr. Baxter's Articles } ToOrder Click Here Baxter M, McColl NL. Leiberman, E (1998)
% 2 - : . Pheromonal Influences on Sociosexual
Discoveries Dr. Millicent Baxter, B.S. in Psychology cum laude from Behavior. Archives of Sexual Behavior 24:1-13

Uttica College in 1981, earned her Ph.D. in Biology from | Baxter M, Calabrese-Stone E (1998) Women After

Bakior i thg 0?:::3::25 Duke University in 1987 followed _by postdoctoral work in 40 Years of Age: The Role of Sex Hormones and
behavioral endocrinology at Stanford University. In 1995 Pheromoncs. Discase-A-Month, 44:423-546
Other Health she co-founded the Women's Weliness Program at the mm%?a%mﬂ
Research |  Hospital of State University of New York, Buffalo. She has | S Real BRI B Farer oy prescintn e
Published Scientific published over 35 scientific papers, is co-inventor on 5 | he American Socicty of Reproductive Medicine
Articles patents and author of eight books on women's health. {ASRM) October 2009

Our Products are shipped in Plain Packages to Protect your Privacy

10. For this website (Eros Foundation), which of the following characteristics is most

important in your confidence that the resource is accurate or not.

a.  The resource may not be accurate, because appropriate references are not
provided.

b.  The resource may not be accurate, because the purpose of the site is to advertise
a product.

c. The resource is likely accurate, because appropriate references are provided.

d. The resource is likely accurate, because the website’s author is reputable.
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Background for questions 11 — 14: Use the excerpt below (modified from a recent

news report on MSNBC.com) for the next few questions.

“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.”

11. The findings of this study suggest that consuming diet soda might lead to increased
risk for heart attacks and strokes. From the statements below, identify additional
evidence that supports this claim:

a.  Findings from an epidemiological study suggest that NYC residents are 6.8
times more likely to die of vascular-related diseases compared to people living
in other U.S. cities.

b. Results from an experimental study demonstrated that individuals randomly
assigned to consume one diet soda each day were twice as likely to have a
stroke compared to those assigned to drink one regular soda each day.

c. Animal studies suggest a link between vascular disease and consumption of
caramel-containing products (ingredient that gives sodas their dark color).

d.  Survey results indicate that people who drink one or more diet soda each day
smoke more frequently than people who drink no diet soda, leading to increases
in vascular events.

12. The excerpt above comes from what type of source of information?

a. Primary (Research studies performed, written and then submitted for peer-
review to a scientific journal.)

b.  Secondary (Reviews of several research studies written up as a summary article
with references that are submitted to a scientific journal.)

c. Tertiary (Media reports, encyclopedia entries or documents published by
government agencies.) d. None of the above

13. The lead researcher was quoted as saying, “I think diet soda drinkers need to stay
tuned, but I don’t think that anyone should change their behaviors quite yet.” Why
didn’t she warn people to stop drinking diet soda right away?

a.  The results should be replicated with a sample more representative of the U.S.
population.

b.  There may be significant confounds present (alternative explanations for the
relationship between diet sodas and vascular disease).
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c.  Subjects were not randomly assigned to treatment and control groups.

d. All of the above

14. Which of the following attributes is not a strength of the study’s research design?”
a.  Collecting data from a large sample size.

b. Randomly sampling NYC residents.

c. Randomly assigning participants to control and experimental groups.

d. All of the above.

15. Researchers found that chronically stressed individuals have significantly higher
blood pressure compared to individuals with little stress. Which graph would be
most appropriate for displaying the mean (average) blood pressure scores for high-

stress and low-stress groups of people?

Average Systolic Blood Pressure for High-Stress
versus Low-Stress Groups
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Background for question 16: Energy efficiency of houses depends on the construction
materials used and how they are suited to different climates. Data was collected about
the types of building materials used in house construction (results shown below). Stone
houses are more energy efficient, but to determine if that efficiency depends on roof

style, data was also collected on the percentage of stone
houses that had either shingles or a metal roof.

16. What proportion of houses were constructed of a

stone base with a shingled roof?
a. 25%
b. 36%
c. 48%

d. Cannot be calculated without knowing
number of survey participants.

the original
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17. The most important factor influencing you to categorize a research article as
trustworthy science is: a. the presence of data or graphs
b. the article was evaluated by unbiased third-party experts
c. the reputation of the researchers
d. the publisher of the article

18. Which of the following is the most accurate conclusion you can make from the
data in this graph??

Meat consumption in
developing countries

+200% Meat

% Increase in Meat Consumption

a0

a. The largest increase in meat consumption has occurred in the past 20 years.
b. Meat consumption has increased at a constant rate over the past 40 years.
Meat consumption doubles in developing countries every 20 years.
d. Meat consumption increases by 50% every 10 years.

19. Two studies estimate the mean caffeine content of an energy drink. Each study uses
the same test on a random sample of the energy drink. Study 1 uses 25 bottles, and
study 2 uses 100 bottles. Which statement is true?

a.  The estimate of the actual mean caffeine content from each study will be
equally uncertain.

b.  The uncertainty in the estimate of the actual mean caffeine content will be
smaller in study 1 than in study 2.

c.  The uncertainty in the estimate of the actual mean caffeine content will be
larger in study 1 than in study 2.

d. None of the above

2 Modified from Rosenthal, Elizabeth. 2008. As More Eat Meat, a Bid to Cut Emissions. New York Times,

December 3, 2008. Accessed June 9, 2011
http://www.nytimes.com/2008/12/04/science/earth/04meat.html
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20. A hurricane wiped out 40% of the wild rats in a coastal city. Then, a disease spread
through stagnant water killing 20% of the rats that survived the hurricane. What
percentage of the original population of rats is left after these 2 events?

a. 40%
b. 48%
c. 60%
d. Cannot be calculated without knowing the original number of rats.

Background for question 21: 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.

Violent crime rates

Adjusted victimization rate
per 1,000 persons age 12 and over

60 ntellivision  Nintendo SNES naystaﬁon Playstation2
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40 ’\—hw/ .
i
20 —
N T T T PR T e AT e i s
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21. Considering the information presented in this graph, what is the most critical flaw

in the blogger’s argument?

a.  Violent crime rates appear to increase slightly after the introduction of the
Intellivision and SNES game systems.

b.  The graph does not show violent crime rates for children under the age of 12, so
results are biased.

c. The decreasing trend in violent crime rates may be caused by something other
than violent video games

d. The graph only shows data up to 2003. More current data are needed.

22. Your doctor prescribed you a drug that is brand new. The drug has some significant
side effects, so you do some research to determine the effectiveness of the new drug
compared to similar drugs on the market. Which of the following sources would
provide the most accurate information? a. the drug manufacturer’s
pamphlet/website

114



b. a special feature about the drug on the nightly news
c. aresearch study conducted by outside researchers
d. information from a trusted friend who has been taking the drug for six months

23. 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 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? a. 5

b. 35
c. 50
d. 500

24. Why do researchers use statistics to draw conclusions about their data?

a. Researchers usually collect data (information) about everyone/everything in the
population.
The public is easily persuaded by numbers and statistics.
The true answers to researchers’ questions can only be revealed through
statistical analyses.

d. Researchers are making inferences about a population using estimates from a
smaller sample.

25. 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? a. a count of the number of children who were immunized and have
autism
b. yearly screening data on autism symptoms for immunized and non-immunized

children from birth to age 12
c. mean (average) rate of autism for children born in the United States
d. mean (average) blood mercury concentration in children with autism

Background for Question 26: You’ve been doing research to help your grandmother
understand two new drugs for osteoporosis. One publication, Eurasian Journal of Bone
and Joint Medicine, contains articles with data only showing the effectiveness of one of
these new drugs. A pharmaceutical company funded the Eurasian Journal of Bone and
Joint Medicine production and most advertisements in the journal are for this
company’s products. In your searches, you find other articles that show the same drug
has only limited effectiveness.

26. Pick the best answer that would help you decide about the credibility of the
Eurasian Journal of Bone and Joint Medicine:
a. Itisnot a credible source of scientific research because there were
advertisements within the journal.
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b. Itisa credible source of scientific research because the publication lists
reviewers with appropriate credentials who evaluated the quality of the research
articles prior to publication.

c. Itisnota credible source of scientific research because only studies showing
the effectiveness of the company’s drugs were included in the journal.

d. Itisa credible source of scientific research because the studies published in the
journal were later replicated by other researchers.

27. Which of the following actions is a valid scientific course of action?

a. A scientific journal rejects a study because the results provide evidence against
a widely accepted model.

b.  The scientific journal, Science, retracts a published article after discovering that
the researcher misrepresented the data.

c. Aresearcher distributes free samples of a new drug that she is developing to
patients in need.

d. A senior scientist encourages his graduate student to publish a study containing
ground-breaking findings that cannot be verified.

Background for question 28: Researchers interested in the relation between River
Shrimp

(Macrobrachium) abundance and pool site elevation, presented the data in the graph
below. Interestingly, the researchers also noted that water pools tended to be shallower
at higher elevations.
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3. Relationship between total abundance of Macrobrachium (1988-2002) and elevation in Quebrada Prieta

28. Which of the following is a plausible hypothesis to explain the results presented in
the graph?

a. There are more water pools at elevations above 340 meters because it rains
more frequently in higher elevations.

b. River shrimp are more abundant in lower elevations because pools at these
sites tend to be deeper.

c. This graph cannot be interpreted due to an outlying data point.

d. As elevation increases, shrimp abundance increases because they have fewer
predators at higher elevations.
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APPENDIX D:
SCORING GUIDELINES FOR SELF EFFICACY FOR LEARNING AND DOING
SCIENCESCALE

© Cornell Lab of Ornithology 2013

SELF-EFFICACY FOR LEARMING AND DOING SCIENCE

The Self-Efficacy for Learning and Doing Science questionnaire (see page 2) measures one's confidence in learning
science topics, engaging in scientific activities, and more generally in being a scientist. Self-efficacy for science is
associated with persistence in the pursuit of science-oriented activities. This questionnaire was developed and tested in
the context of informal science leaming environments (primarily with participants of Citizen Science projects).

Cleaning your data

Some project participants will not respond as carefully as you might hope. It is important to dean your data to account
for this. Once you have entered the data into a spreadsheet such as Microsoft Excel, keep the original as a master, and
make a copy from which to work. Do the following simple checks:

1.] Go down each row [observer] and look across the set of responses for that observer — if two or more responses are
missing, exclude that row from youwr analysis.

2.) Once again, go down each row {(observer) and look across the set of responses for that observer. Then scroll through
the rows looking for sets where all of the responses are the same.

In general, seeing the same response across all of the items is an indication that the respendent was not reading the
items carefully. In particular, tems 3 and 7 are “reverse coded,” which means they are worded in such a way that
they should receive opposite answers from other questions if respondents are answering all questions in a
consistent manner. We recommend excluding sets where all answers are the same from your analysis unless the
answers are all 3s, as many respondents do legitimately use midpoint responses to all questions.

Scoring instructions
Once you have implemented the Self-Efficacy for Learning and Doing Science questionnaire and have cleaned your data,

caloulate the self-efficacy score as follows:

1.) Reverse the responses to questions 3 and 7 such that 1s become 55, 25 become 4s, 35 stay 35, 45 become 25, and 5s
become 1s.

2.) Awverage together the scores for all of the items for each participant.
3.) You can also average together the overall scores from all of your participants for an overall group score.

4.) Scores below 3 indicate low levels of confidence in learning project-related infermation and/or participating in
project activities. Given that the questionnaire includes separate sets of items for lzarning (items 1-4] and doing (items
5-8), you might want to average those sets of responses (either for individual or group) separately to investigate
whether participants are more or less confident with one or the other concept.

Note that if you are administering the guestionnaire before and after program participation and comparing the two
sets of scores as part of a pre-post evaluation, you might want to consider first grouping your participants into those
who started out relatively low in self-efficacy and those who started out relatively high in self-efficacy. While it is
reasonable to expect an increase among participants who started out relatively low in self-efficacy, you should not
expect to see much, if any, increase in those who started out already guite confident in their abilities. You should
consider merely maintaining that high level as a positive outcome.
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