ABSTRACT
A Dual Case Study: Students’ Perceptions, Self-Efficacy, and Understanding of the
Nature of Science in Varied Introductory Biology Laboratories
Dena Beth Boans Quigley, Ph.D.
Mentor: Karon LeCompte, Ph.D.
Since World War II, science education has been at the forefront of curricular
reforms. Although the philosophical approach to science education has changed
numerous times, the importance of the laboratory has not waned. A laboratory is meant
to allow students to encounter scientific concepts in a very real, hands-on way so that
they are able to either recreate experiments that have given rise to scientific theories or to
use science to understand a new idea. As the interactive portion of science courses, the
laboratory should not only reinforce conceptual ideas, but help students to understand the
process of science and interest them in learning more about science. However, most
laboratories have fallen into a safe pattern having teachers and students follow a scientific
recipe, removing the understanding of and interest in science for many participants. In
this study, two non-traditional laboratories are evaluated and compared with a traditional
laboratory in an effort to measure student satisfaction, self-efficacy, attitudes towards
science, and finally their epistemology of the nature of science (NOS). Students in all
populations were administered a survey at the beginning and the end of their spring 2016

laboratory, and the survey was a mixture of qualitative questions and quantitative
instruments. Overall, students who participated in one of the non-traditional labs rated
their satisfaction higher and used affirming supportive statements. They also had
significant increases in self-efficacy from pre to post, while the students in the traditional
laboratory had a significant decrease. The students in the traditional laboratory had
significant changed in attitudes towards science, as did the students in one of the nontraditional laboratories. All students lacked a firm grasp of the tenets of NOS, although
one laboratory that includes explicit discussions of NOS saw improvement in at least on
tenet. Data for two non-major biology laboratory populations was collected, but only
qualitative analysis was conducted as their participation was very low. Unfortunately, no
direct comparisons could be made between biology majors and non-majors.
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CHAPTER ONE
Overview of the Study
Nevertheless, it must be argued that the prime tasks of science education lie in the
dissemination of scientific knowledge, the development of the ability to apply
scientific principles, and the inculcation of skills associated with the process of
science as a method of inquiry. (Keeves & Aikenhead, 1995, p. 32)
As environmental issues reach critical levels, and technology usage infiltrates
almost every career field, it is imperative for citizens to be scientifically literate (Bybee,
1997; Miller, 2004; Rutherford, 2001). Scientific literacy is no longer relegated to those
who study within a particular field of science but is now the goal for all citizens no matter
their chosen careers (National Science Board, 2006). However, according to surveys
conducted by the National Science Foundation (NSF) in 2012, less than half of
Americans asked thought they had a good understanding of the type of work scientists
and engineers conduct (National Science Foundation, 2014). Similarly, only 30% of
those asked feel issues, such as climate change, should be a primary concern of the U.S.
government. After scouring studies conducted by the NSF, Miller (1998, 2004) reported
the scientific literacy of the American public is less than 20%.
Although science education is a traditional component of the curriculum
throughout American educational history, it was the inclusion of the United States in
World War II that catapulted it into the crosshairs of education reformers (Atkin & Black,
2003; Drew, 2015; Graham, 2013). The implementation of atomic warfare established
the United States as the technological frontrunner, however, the launching of Sputnik in
1957 usurped our position. Post-war, Russia’s government began to invest heavily in
1

science and technology and in the educational programs needed to create their future
scientific leaders (Drew, 2015). Fear and a looming threat to the American way of life
brought awareness of perceived shortcomings in science education to the public.
The 1983 publication of A Nation at Risk: The Imperative for Educational Reform
ignited another educational crisis, which again highlighted deficiencies in American
public education (National Commission on Excellence in Education, 1983). It spurred
the movement for accountability in public education, such as the No Child Left Behind
(NCLB) legislation (Graham, 2013). Over 30 years after its publication, our schools are
continuing to struggle to meet standards outlined in NCLB, and it is impossible to place
exact blame for the failures of our education system (Graham, 2013). Once again,
“schools are being asked to be an instrument in addressing current national problems”
such as “a marked decline in international economic competitiveness, a perceived
weakening of military power, and rising unemployment” (Atkin & Black, 2003, p. 1).
In 2011, the Trends in International Mathematics and Science Study (TIMSS)
reported that fourth graders in the U.S. ranked internationally in the top 10 in science
achievement, but with no measurable improvement in overall performance since 1995
(National Center for Education Statistics, 2011). The gap in science achievement among
American students and other industrialized countries partially explains the outsourcing of
jobs, especially those in science, technology, engineering, and mathematics (STEM)
(Bayer Corporation, 2014). Accordingly, when surveyed, multiple Fortune 1000
companies reported a shortage of workers with STEM skills (Bayer Corporation, 2014).
Training individuals in STEM, as well as increasing the public’s scientific literacy is
critical for several reasons:

2

1. As technology and science continue to grow at a rapid pace, the gap between
scientific elite and the general public continues to increase (Duschl, 1990).
2. It is the civic responsibility of the public to make informed decisions when voting
for elected officials at the local, state, and national level (Chinn & Malhotra,
2002; N. G. Lederman, 1999b; Miller, 2004).
3. Science may be one of the greatest tools or hindrances to closing the everexpanding gap between the haves and have-nots within our society (Drew, 2015).
4. Technology and science permeate nearly every conceivable career in today’s
economy, and with its rapid advancements, the careers that have yet to be
conceived (Carnevale, Smith, & Strohl, 2010).
Hands-on and minds-on learning in a laboratory setting is the current trend in
science education. The implementation of a laboratory component in K-12 science
classrooms was popularized in the 1980s and 1990s after the influence of science
educators such as Joseph Schwab and Jerome Bruner (Sunal, Wright, & Sundberg, 2008).
Their work, among others, emphasized hands-on learning where students would replicate
the work of scientists thus gaining a deeper connection between content and application
as well as a working knowledge of scientific inquiry and the process of science discovery
(Sunal et al., 2008). The need for laboratory work is echoed in multiple reports such as A
Nation at Risk: The Imperative for Educational Reform (National Commission on
Excellence in Education, 1983), Science for All Americans (American Association for the
Advancement of Science, 2013), Goals 2000: Educate America Act (20 U.S.C. & 5801,
1994), National Science Education Standards (National Research Council, 1996), as well
as the Next Generation Science Standards (NGSS Lead States, 2013) implementing
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laboratory practices, students will encounter science in a personal way, create superior
connections to the materials, and become life-long learners of science thus, achieving
scientific literacy (N. G. Lederman, 1998). The language used to describe new goals for
science education is reminiscent of the progressive era in education, currently referred to
as a constructivist approach to learning. Constructivist theory centers on the experiences
of a student and is emphasized over content. As students continue to develop, the
experiences scaffold one another, and students come closer to achieving a deep
understanding of the content.
Inquiry-based learning (IBL), an offshoot of constructivism, is currently
prescribed by educational reformers as the way to reverse low achievement and increase
the public’s understanding of not only science content but the true nature of scientific
inquiry itself (Brickman, Gormally, Armstrong, & Hallar, 2009; Darling-Hammond &
George Lucas Educational Foundation, 2008; Furtak, 2006; Jin & Bierma, 2013; MartinHansen, 2009; Sunal et al., 2008). Sundberg, Armstrong, and Wischusen, (2005)
summarize the position towards IBL of The National Research Council in the following
way:
An inquiry strategy involves students in constructing their own meaning for
science ideas they encounter, taking control of their own learning to get to the
goal of a lesson through guidance from their teacher. During inquiry the student
gives priority to evidence when responding to questions, constructing
explanations, and justifying conclusions. (p. 5)
Most national reform movements, such as the National Science Teachers Association
(NSTA), promote laboratory work conducted with IBL. In the positions statement
entitled The Integral Role of Laboratory Investigations in Science Instruction, the NSTA
(2007) affirms their beliefs that:
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developmentally appropriate laboratory investigations are essential for students of all
ages and ability levels. They should not be a rote exercise in which students are
merely following directions, as though they were reading a cookbook, nor should
they be a superfluous afterthought that is only tangentially related to the instructional
sequence of content. (para. 3)

This description leaves no room for traditional, rote learning in which there is little to no
connection between the content covered in the class and the laboratory activities (Sunal et
al., 2008). Although so many science reformers are in agreement about IBL, it is difficult
to apply when our schools are bound by traditional textbook-oriented learning and ruled
by the high-stakes accountability legislation (McGuiness, Roth, & Gilmer, 2002).
Though IBL seems to emulate science in every way necessary for students to
become scientifically literate, some researchers argue that it does not go far enough
(Chinn & Malhotra, 2002). IBL is referred to as science light, and similar to the
traditional styles of laboratory, the answers are known, so it does not imitate the context
of discovery that is at the heart of scientific research (Duschl, 1990). The idea that
genuine inquiry takes place in a school’s laboratory is a myth (McGuiness et al., 2002).
The only actual experimentation is extracurricular science activities such as a science fair
(McGuiness et al., 2002). There is a growing trend in science education calling for more
authentic engagement in science activities (Tobin & Fraser, 2003), and no other approach
is more genuine than actually engaging in science inquiry.
Advantages of Authentic Scientific Inquiry
Our central argument is that many scientific inquiry tasks given to students in
schools do not reflect the core attributes of authentic scientific reasoning. The
cognitive processes needed to succeed at many school tasks are often qualitatively
different from the cognitive processes needed to engage in real scientific research.
The epistemology of many school inquiry tasks is antithetical to the epistemology
of authentic science. (Chinn & Malhotra, 2002, p. 175)
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There is an obvious disparity between school science and real science
(McGuiness et al., 2002). If the goal is to increase science literacy by making the nature
of science and scientific discovery explicit, then authentic scientific inquiry (ASI) is the
best tool (Millar, 2000). Part of the problem with incorporating ASI into K-12 education
is the survey style courses favored since the reform movements following A Nation at
Risk: The Imperative for Educational Reform (National Commission on Excellence in
Education (1983). This style of instruction covers a wide range of topics without giving
students any depth or connections thus limiting the development of problem-solving
skills (Duschl, 1990). It also emphasizes rote memorization and leaves less time for
laboratory practices of any kind, much less ASI.
Chinn and Malhotra (2002) produced an authentic scientific rating scale to
evaluate common laboratory practices and materials to measure the levels of authenticity
a user is experiencing. In evaluating the research activities of nine middle school and
upper elementary textbooks, Chinn and Malhotra found many of the hands-on labs,
labeled as authentic, bore little resemblance to ASI. They concluded these laboratories
were an oversimplified version of science inquiry and would not help students acquire
real-world reasoning abilities associated with scientific literacy and that students may
reject scientific findings as irrelevant in the future.
The collegiate level has fared somewhat better regarding non-traditional
laboratory offerings. Sundberg and Armstrong (1993) and Sundberg, Armstrong, and
Wischusen (2005) surveyed 73 universities regarding their college biology laboratories in
1992 and again in 2004. When first conducted, several respondents reported their
schools were contemplating dropping laboratories for introductory courses and non-
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majors courses altogether due to a lack of funding and insufficient teaching assistants;
however, most were using a traditional style of rote learning as their main strategy of
laboratory instruction. A handful of smaller liberal art schools reported using ASI
approaches to labs (Thornton, 1971), but ASI was only reported as the main instructional
strategy at three large universities. Sundberg and Armstrong (1993) and Sundberg et al.
(2005) noted the movement towards open-ended investigative exercises for introductory
courses in spite of the typically structured strategy employed to handle large enrollments.
The traditional learning labs are viewed as more cost efficient, yet Thornton (1971)
claims investigatory labs are more cost effective than traditional labs. When surveying
these same universities 12 years later, there was a reported change in approach to
introductory labs. Sundberg and Armstrong reported the number of schools using IBL
had increased from 10% to almost 80% and half of the liberal arts colleges reported using
open investigatory labs at the introductory level (Sundberg et al., 2005). The authors
stated:
For students this represents an exposure to authentic research in their early careers
and may help to explain the proportionally high number of graduates from liberal
arts colleges who eventually earn a doctorate in science, mathematics and
engineering (we recognize the selectivity bias in the student populations that
would also be a factor in determining these proportions). (as cited in Sundberg et
al., 2005, p. 528)
Crawford (2015) summarizes the literature and highlights all of the benefits
students receive when engaging in ASI.
1. Crawford (2015) finds ASI aligns itself with all of the latest research on how
people learn. Bybee and Van Scotter (2006) summarize those findings as: a) Everyone
has preconceived notions about the world and how it works, b) People learn better when
they have a conceptual framework in which they can organize the information, and c)
7

Learning is greatly enhanced if people buy in and have some control over their learning
and learning goals.
2. Crawford (2015) identifies the need for scientists and engineers. There is also
a need for the non-science public to understand the work of scientists and vote for
monetary support of them.
3. Crawford (2015) states that nothing can provide a better understanding of how
science is accomplished. “[S]tudents need to do science by participating in activities,
completing projects, investigating questions, and discussing interactive readings” (Bybee
& Van Scotter, 2006, p. 46).
4. Crawford (2015) asserts that ASI is a means of gaining the interest of
students. In a study of students ages 10-14, Conner, Capps, Crawford, and Ross (2013)
found students enjoyed their role in assisting scientists in an ASI with paleontologists.
Most of the students in this study were from underrepresented populations within science,
yet they were fully participating through ASI.
5. As science is continually changing, Crawford (2015) acknowledges ASI will
help students understand this important characteristic and will help them to be critical
consumers of science.
6. Finally, Crawford (2015) relates ASI to the need to have a scientifically
literate public, especially as a member of society when it is time to make important
decisions later in life. As Schweingruber, Duschl, and Shouse (2007) state, “At no time
in history has improving science education been more important than it is today. Major
policy debates require a scientifically informed citizenry as never before in the nation’s
history” (p. 1). While many science educators and science reforms look at ASI as a
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panacea of science education, there is a growing concern among some that ASI still lacks
a key piece of the puzzle, and that true understanding can only come through the
combination of ASI and the explicit discussions of the nature of science.
Nature of Science
Without an understanding of how scientific knowledge is derived and the
implications the process of derivation has for the status and limitations of the
knowledge, all students can ever hope to achieve is knowledge without context.
Context is necessary for students to understand what the knowledge means.
Unless students can derive meaning for the scientific knowledge they acquire,
there is little hope that they can use their knowledge to make informed decisions.
(N. G. Lederman, 1998, p. 10)
Although the terms nature of science (NOS) and inquiry science are often misused
or used interchangeably, they are distinctly separate concepts in science education. N. G.
Lederman (1998) describes inquiry regarding a combination of process skills, such as
observation, classification, etc., with critical thinking and scientific reasoning. The
collective characteristics of inquiry help scientists answer the questions they have set
before themselves. NOS, on the other hand, refers to the epistemology of science
including the values, beliefs, and lenses that develop scientific knowledge, and science as
it creates understanding (N. G. Lederman, 1998). Inquiry is one of the tools that helps
develop a person’s understanding of NOS.
There are seven tenets that define the nature of science (Abell & Lederman, 2015;
J. S. Lederman & Lederman, 2005):
1. Science is tentative and is subject to change.
2. It is based on empirical evidence.
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3. It is a creative process, and a scientist’s creativity is needed from the initial
development of research questions through data analysis and discussion of
results.
4. Science is subjective, and the same data may be interpreted differently due to
each researcher having a theoretical background and lens.
5. It is influenced by culture and society, including politics and religion.
6. There is a difference between observations and inferences. Inferences are
based on observations.
7. Scientific theories and laws differ based on which type of research gave rise to
them; they are equally important, and one cannot evolve into another. They
both provide a framework for predictions and explanations of research
findings.
Unfortunately, NOS is a hard subject for teachers to incorporate into their
classrooms and laboratories for two main reasons (N. G. Lederman, 1999a). The first is a
lack of time allowed for the laboratory. The second is a lack of understanding and low
self-efficacy of science teachers. The first impediment to NOS instruction is difficult
considering the current high-stakes testing environment found in K-12 public schools.
Although universities are not limited by standards in the same way, their continued focus
on content and rote memorization leaves little room for NOS discussion. The second
impediment can be addressed through teacher preparation programs and professional
development in K-12 (N. G. Lederman, 1999a; N. G. Lederman & Lederman, 2004).
Again, the university should not be as tightly constrained, as most science instructors are
personally familiar with inquiry and methods of inquiry. However, even the best-trained
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teachers can have difficulty communicating new ideas if a student is not receptive, so an
understating of student attitudes, perceptions, and self-efficacy towards science will help
shape curriculum.
The Role of Attitudes and Self-Efficacy in Science
The likelihood of the student putting his knowledge to use is influenced by his
attitude for or against the subject. One objective toward which to strive is that of
having the student leave your influence with as favorable an attitude toward your
subject as possible. In this way he will remember what has been taught, and will
willingly learn more about what has been taught. (Mager, 1968, p. 311)
As Mager (1968) states, a person’s attitude, either positive or negative, affects
their enjoyment, retention, use, and continued learning of knowledge gained from a
course. Likewise, John Dewey believed enjoyment of a learning activity brings more
focus, which is essential for maximum learning potential and opportunity (Tytler, 2015).
Unfortunately, many college students report negative feelings towards science, which
may dissuade them from engaging with science outside their required science courses
(Gogolin & Swartz, 1992).
When comparing the attitudes of college students who are majoring in science to
those of students who are not majoring in a science, it is not surprising to find that majors
have better overall attitudes going into a science course (Gogolin & Swartz, 1992).
However, studies conducted post science instruction yields mixed results. In some
studies, student attitudes continued to improve, but there are an unfortunate few studies
that revealed a decrease in attitude following participation in a science course (Gogolin &
Swartz, 1992).
In K-12, there is a notable decline in attitude towards and enjoyment of science as
students move from elementary school into junior high and high school (Osborne, Simon,
11

& Collins, 2003; Yager & Penick 1986). Osborn et al. (2003) reviewed measurements of
student attitudes towards school science to help identify the reason for this decline in the
U.K. Their analysis of the literature shows dissatisfaction with school science as the
curriculum focuses on undemanding activities such as memorization and recall of facts,
copying, and activities that do not challenge students on an intellectual level.
Self-efficacy is defined as one’s perceived ability to complete a task within a
given context (Bandura, 1986). Meta-analyses of literature regarding both adults and
children suggest a strong correlation between self-efficacy and academic performance
(Lawson, Banks, & Logvin, 2007). A study conducted by Lawson et al. (2007) revealed
not only can a person’s reasoning ability influence their self-efficacy but also that
reasoning ability continues to mature throughout college. This is important to science
instructors, as many students will engage in their last formal science course in college
therefore one last chance to affect their attitudes and self-efficacy in science in a positive
way.
Design of the Study
Using a combination of qualitative questions and quantitative instruments, I
surveyed students from five separate instructional approaches and evaluated their
attitudes, self-efficacy, and perceptions of their biology laboratories in a private
university setting. The first laboratory was biology majors who applied and were
accepted into a one-year guided inquiry laboratory. The second population of students
was biology majors who applied and were selected to participate in a one-semester
authentic scientific inquiry (ASI) laboratory. The largest population of students was
biology majors enrolled in a traditional laboratory. The fourth group consisted of non12

major students who are taking a biology course as their required science credit and are
participating in a traditional laboratory. Finally, I evaluated non-majors who are
participating in a structured inquiry laboratory. Table 1 shows the instructional method
for each lab.
Table 1
Overview of Instructional Method Used by Each Laboratory
Lab

Method of Instruction
Biology Majors

1

Guided Inquiry – students learn to use laboratory skills and equipment
necessary to isolate and identify bacteriophages in soil. Student findings
are uploaded into a national database. While techniques are set, the
bacteriophages are unknown and discovery of their identity is the goal.
Duration is one year.

2

Authentic Scientific Inquiry – students define questions, methods, data
collection and present findings in a poster presentation. Each question is
unique and discovery is the goal. Duration is one semester.

3

Traditional – students attend weekly labs and follow preselected
experiments meant to enhance lecture content and confirm major biological
theories. Results of experiments are known and no discovery takes place.
Duration is one year.
Non-Majors

4

Traditional – students attend weekly labs and follow preselected
experiments as a means of exposing students to the various theories in
biology. Results of experiments are known and no discovery takes place.
Duration is one semester.

5

Structured Inquiry – students attend weekly labs that follow preselected
experiments designed to expose students to experimental procedures and
skills, as well as confirm scientific theories. While methods are preselected
the samples vary from semester to semester so some discovery takes place.
Duration is one semester.
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The purpose of the current study was to measure changes and identify patterns in
students’ perceptions, self-efficacy, and satisfaction in their laboratory pre- and postparticipation. The qualitative questions were designed to gain a thorough understanding
of students’ prior experiences in laboratories as well as their overall satisfaction and role
as a learner in their current laboratory. The quantitative instruments measured
perceptions, attitudes, and self-efficacy pre- and post-participation. Following standard
descriptive statistics (calculation of mean, normality of data, box plots, etc.), I analyzed
the quantitative data with inferential statistics to determine differences between the
populations of interest pre and post. In conducting this study, I attempted to validate the
argument that ASI leads to increased enjoyment, self-efficacy, and overall greater
satisfaction by students. I also assessed students’ current understanding of NOS.
I conducted a case study to evaluate my research as the phenomenon of
participation in the lab cannot be extracted out of context and I cannot control for all
variables (Yin, 2003). Each course is also a bounded system, and the boundaries are
easily defined (Merriam, 1988). By approaching my research questions both
qualitatively and quantitatively, I increased the reliability of my findings (Kidder & Fine,
1987). Qualitative research questions and analysis yielded a deeper understanding of the
attitudes, self-efficacy, and satisfaction of my participants (Merriam, 1988). Although
extrapolation to larger populations is possible in qualitative research, it is more accepted
to use quantitative analysis in order to predict and confirm my hypotheses (Merriam,
1988).
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Significance of the Study
There are many studies that address how IBL affects students’ content knowledge,
enjoyment of science, and self-efficacy, but there is paucity in published studies on how
ASI affects these same perceptions. Ding and Mollohan (2015) state that although
students have been studied more extensively in other science courses, such as physics and
chemistry, there have not been many studies in biological sciences. Their research was
the first to compare pre- and post-differences between majors and non-majors enrolled in
biology courses (Ding & Mollohan, 2015).
The results of my research will fill in some of the missing gaps in biology.
According to Brickman et al. (2009), there is a paucity of studies that assess the impact of
inquiry-based instruction versus traditional instruction regarding a student’s self-efficacy,
achievement in science, and science literacy. In reviewing the literature, there is an
abundance of research and publications concerning science education reform in K-12, but
not as many at the university level, and of those, even less mention the type of laboratory
instruction students received. The results of my study will bring awareness to the need
for more inquiry and/or ASI offerings as well as explicit discussions of NOS in
introductory biology courses in the university setting.
Beyond education settings this research has implications for developing students
understanding of citizenship and science. Hazen (2002) outlines three reasons why the
American public should be scientifically literate:
1. Civics – “The general welfare of a nation is stronger with a citizenry that is
scientifically informed” (para. 14).
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2. Aesthetics – “Understanding science enriches our appreciation of everyday
activities” (para. 15).
3. Intellectual Coherence – “The intellectual climate of our era is influenced by
our understanding of science” (para. 16).
Although this research does not address citizenship and the American public directly, the
implications of the research and proposed action based on the findings would eventually
affect these in the long term.
Implications for Research
Undergraduate education in science is meant to increase both content knowledge
and useable skills by those who attend (Nehm, 2014). However, according to Ding, Wei,
and Mollohan (2014), there is little difference in scientific reasoning skills between
students regardless of year of study, or between high ranking and low ranking universities
(Ding et al., 2014). While studies on IBL laboratories show increased competency over
traditional laboratories in terms of students’ abilities to conduct science and increases
their self-efficacy, it is still considered limited in its capability to produce students with
proper technical skills and science reasoning (Singer, Nielsen, & Schweingruber, 2012).
This overview of laboratories by discipline may have found IBL to be an improvement
over traditional labs, but it made no mention of ASI as an instructional approach. The
authors noted there is a paucity of studies concerning student learning in laboratories and
in the field at the undergraduate level (Singer et al., 2012). In my research results, I
discuss students’ attitudes, perceptions, and self-efficacy in not only IBL, but also in ASI.
I also compared the experiences between biology majors and non-majors.
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Current research into how people learn has prompted many prominent science
educators to call for a reform of K-12 science education curriculum to include an
emphasis in non-traditional laboratories. Given the large number of reforms occurring in
K-12 and limited number of studies on collegiate biology laboratories it is time to
reevaluate the role of laboratories in undergraduate student learning and redefine their
purpose based on student needs and desires. Universities should no longer settle for the
status quo (Ding et al., 2014), but should be leading the way in instructional innovations.
In 2009, the American Association for the Advancement of Science published
Vision and Change in Undergraduate Biology Education: A Call to Action. The goal was
to improve the teaching of biology by shifting instruction away from focusing exclusively
on content, and moving towards a student-centered learning environment. Amongst their
suggestions was the statement to “introduce research experiences as an integral
component of biology education for all students regardless of their major” (American
Association for the Advancement of Science, 2009, p. xiv). This study also implores
biology educators to focus on the quality of education, and shift away from quantity
education. ASI allows students to focus on one research project and the concepts
associated with that particular effort.
The results from the current study will prompt conversations regarding current
laboratory offerings at major universities and in K-12 education. If ASI helps to increase
student self-efficacy and understanding of NOS, then universities need to reexamine and
potentially restructure their curricula in order to accommodate more students into nontraditional labs that feature ASI. In addition, the findings could also be applied to science
curriculum in K-12 education; ASI may help students to stay engaged in science courses
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from high school into the university and choose a STEM discipline as a potential area of
study and career path. It could also spotlight the need for professional development for
teachers so that they feel more capable in leading ASI and discussions of NOS.
Research Questions and Null Hypotheses
Qualitative Questions
1. How do student perceptions of prior science education experiences shape their
attitudes and dispositions towards non-traditional laboratory instruction?
H01: There are no discernable patterns in the descriptions of past courses or in
reasons for participating in a particular laboratory.
2. What is students’ current understanding of the tenets of NOS?
H02: There will be no discernable patterns in the responses students give
concerning the tenets of NOS
3. How satisfied are students following their current laboratory experience?
H03: There will be no discernable patterns in the responses students give regarding
their satisfaction in laboratory.
Quantitative Questions
4. What are student perceptions regarding science before and following participation
in a given laboratory setting?
H04: There will be no discernable patterns in student responses in their
descriptions of laboratory satisfaction.
5. What are students’ measures of self-efficacy in biology before and following
participation in a given laboratory setting?
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H05: There will be no statistically significant differences between measures of
self-efficacy before and after participation in a given laboratory.
Summary Question
6. Why is it important to understand the design of collegiate biology laboratory
courses as they relate to K-12 schooling?
Definitions of Key Terms
Many of the following terms have more than one acceptable definition as there is
yet to be a consensus among scientists and science educators.
Science literacy − “general familiarity and fluency within [science], based on
mastering a sampling of the language, products, processes, and traditions of science
itself” (Roberts & Bybee, 2015) (p. 546).
Scientific literacy − “citizen science, including such matters as environmental
quality, resource use, personal health, and decision-making about complex socioscientific issues” (Roberts & Bybee, 2015, p. 546). “The ability to use scientific
knowledge to make informed personal and societal decisions is the essence of what
contemporary science educators and reform documents define as scientific literacy” (N.
G. Lederman, 1998, p. 1).
The level concept vocabulary and process understanding required reflects the
level of skill required to read most of the articles in the Tuesday science section of
The New York Times, watch and understand most episodes on NOVA, or read and
understand many of the popular science books sold in bookstores today. (Miller,
2004, p. 288)
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Authentic scientific inquiry − “a complex activity, employing scientific
equipment, elaborate procedures and theories, highly specialized expertise, and advanced
techniques for data analysis and modeling” (Chinn & Malhotra, 2002, p. 177).
Inquiry-based learning: According to Darling-Hammond and George Lucas
Educational Foundation (2008), IBL is any activity in which the following criteria are
met:
1. A learning environment that allows [students] to explore real-life situations
and consequential problems.
2. Helps students gain vital media literacies, critical thinking skills, systems
thinking, and interpersonal and self-directional skills that allow them to
manage projects and competently find resources and use tools.
3. Opportunities for complex, meaningful projects that require sustained
engagement, collaboration, research, management of resources, and the
development of an ambitious performance or product. (pp. 11-12)
Nature of science − “refers to the epistemology of science, science as a way of
knowing, or the values and beliefs inherent to the development of scientific knowledge”
(N. G. Lederman, 1992, p. 1).
Attitudes towards science − Attitudes toward science are defined as “the feelings,
beliefs and values held about an object that may be the enterprise of science, school
science, the impact of science on society or scientists themselves” (Osborne et al., 2003,
p. 1053).
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Science attitudes −
a complex mixture of the longing to know and understand, a questioning approach
to all statements, a search for data and their meaning, a demand for verification, a
respect for logic, a consideration of premises and a consideration of
consequences. ” (Education Policies Commission, 1962, p. 1053)
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CHAPTER TWO
Review of the Literature
The objective of my study was to determine how participation in varying
introductory laboratory experiences affects the attitudes, perceptions, self-efficacy, and
understanding of the nature of science (NOS) of undergraduate students. The first section
of Chapter Two is a historical overview of scientific education in American education.
Several educational philosophies are discussed in relationship to their stance on science
education. In the next section a distinction is made between two terms: science literacy
and scientific literacy and what each term implies regarding science education and their
usage in current reform documents. The following section is a discussion of the various
types of laboratories including the benefits and drawbacks of each. After laboratories,
the importance of students understanding the Nature of Science and how it helps to lead
towards a scientifically literate public will be addressed. Finally, Chapter Two concludes
with discussions about attitudes towards science and self-efficacy as it applied to student
learning.
Historical Perspectives
To understand the overwhelming number of educational reforms in science, it is
important to look retrospectively at the history of science education. The commitment to
study science in American education was well established by the late 19th century (Abell
& Lederman, 2015). Its goals changed during the rise of the Progressive Era as it became
more about personal experiences and reduced emphasis on the content (Sunal et al.,
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2008). Dewey, the father of the Progressive Educational movement, began his career as a
science teacher and recognized the need to create a society that all citizens had a basic
working knowledge of science (Barrow, 2006; Martin-Hansen, 2009). Dewey’s concern
was that too much emphasis was placed on ready-made knowledge (Crawford, 2015) and
he felt that the focus of science education should “to hitch the horse of concrete
experience . . . to a cart loaded with specialized scientific knowledge” (Rudolph, 2003, p.
69). He went on, extending his analogy:
It is not the business of high school science to pack the cart full . . . It is its
business to make such a good job of the hitching that every pupil who comes
under its influence will always find in himself a tendency to turn his crude
experiences over into a more scientific form, and to translate the bare sciences he
reads and hears back into the terms of his daily life. (p. 69)
A major reform in science education did not begin until the 1950s after the United
States became involved in World War II (Atkin & Black, 2007; DeBoer, 2015). It was a
turning point in not only science education but in dealing with many failings in education
within the United States as a whole (DeBoer, 1991). DeBoer outlined several issues that
were discovered during this time and linked to education efforts: (a) The war effort put a
strain on both agricultural and industrial products, and the need for trained individuals to
continue meeting the demands was critical. (b) Many of the young men who volunteered
for service were turned away due to malnourishment and poor health revealing major
gaps within the health system. Also, it was also difficult to find individuals who had
more than basic literacy skills and reasoning abilities worthy of officer training. These
two issues pointed towards a general failing in the educational system. (c) There was a
major shortage of skilled workers in the technical fields, and the education community
was tasked with producing educated and skilled workers to fill those positions. (d) Direct
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competition with the Soviet Union during the Cold War for technological supremacy
called for an increased quality of science and math education. (e) There was a need to
reaffirm our national commitment to democracy and pass this on to the youth of the
nation. Often modeled after the needs of society, the aims and goals of education
changed to make up for its perceived shortcomings.
The use of nuclear technology to end the war solidified the dominance of the
United States as the world leader in technological advancement, but the security felt by
Americans was short lived. The launching of Sputnik in 1957 placed the Soviet Union
ahead, and the threat of a new war loomed large in the minds of Americans. The
deficiencies in science education were blamed on the soft approach to education of the
Progressive Movement, and this was replaced by a new regime focused on content
mastery, especially in mathematics and science (Barrow, 2006; DeBoer, 1991).
Prominent scientists became involved with curricular reform and the structure of the
disciplines was ushered into schools (Atkin & Black, 2007; DeBoer, 2015).
The incorporation of scientists within the reform and curricular changes brought
new rigor and a thorough approach to the content of science (Barrow, 2006; DeBoer,
1991). Student engagement in laboratory studies that emulated authentic scientific
discovery was incorporated into the curriculum. It was believed that students would
connect and gain a deeper understanding of science if they behaved and performed as
scientists. For example, Joseph Schwab, a biologist turned educational reformer,
redesigned undergraduate curriculum so students would gain a richer understanding of
scientific inquiry through reading and discussing original scientific documents as well as
conducting experiments themselves (Barrow, 2006; DeBoer, 2015; Duschl & Grandy,
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2013). Similar reforms took place in chemistry and physics, all with an emphasis on
inquiry and science content.
What these reformers failed to incorporate was the importance of student
enjoyment and interest in the subject, and instead presented the content as ready-made
knowledge. They also failed in helping students to connect ideas to real-world
experiences, especially ties to its cultural relevance for the individuals who were not
entering science professionally (DeBoer, 1991). This deficiency in curriculum opened a
small window of time in the late 1960s, and 1970s in which Neo-progressives revitalized
the teaching of science with a focus on how science and society intersect (DeBoer, 1991).
Neo-progressive educators shifted the curriculum focus away from content and
sought to make science relatable to everyone, not just those entering the field of science
as a career. Their efforts coincided with passing of federal legislation ensuring a fair and
equitable education for all, regardless of race, gender, socioeconomic status, or
physical/mental fitness (DeBoer, 2015; Duschl & Grandy, 2013). Courses in
environmental biology and ecology, subjects which highlight the relationship between
humans and the natural world, gained prominence in an attempt to humanize science
courses (Atkin & Black, 2007; DeBoer, 2015). This movement was short-lived, and by
the mid-1980s the pendulum swung back towards a focus on science content, and away
from experiential education.
The Neo-progressive movement came to an abrupt end following the publication
of A Nation at Risk in 1983. This report commissioned by the National Commission on
Excellence in Education contained startling statistics and inflammatory language that
woke the interest of the American public. The report stressed low student performance
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on global standardized examinations in many areas, but particularly mathematics and
science. This was particularly distressing when the American economy began to lag
behind the countries whose students outperformed our own. This was the turning point in
education history that shepherded in the current educational climate focused on
traditional curriculum and standards-based reforms (Atkin & Black, 2007; DeBoer,
2015).
To maintain and hopefully increase our national position in the global market,
much of the current emphasis within standards-based reform is on science, technology,
engineering, and mathematics, or the STEM disciplines (Jin & Bierma, 2013). Due to the
shift towards computers and technology taking over industrial-type jobs, there are less
opportunities available for individuals without secondary STEM training (Bayer
Corporation, 2014). Conversely, there has been a large increase in the need for
individuals with postsecondary education in either two years or four years STEM fields
(Bayer Corporation, 2014), and this continues despite economic difficulties. There are
also far more STEM jobs currently being created than non-STEM jobs (Bayer
Corporation, 2014). A survey of Fortune 1000 talent recruiters revealed a shortage of
qualified STEM workers, which is linked to lower productivity, loss of revenue, and
limited growth in industry and businesses (Bayer Corporation, 2014). This shortage of
qualified workers may, in part, account for a large number of jobs currently lost to
foreign countries.
DeBoer (2015) summarizes the positive outcome through so many educational
shifts in the following ways: it is important to note that while science educators and
curriculum reformers may not always agree, there is a continuously strong commitment
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to the teaching science and maximizing the effectiveness of learning for students. The
fluctuations between reforms as a focus are indicative of the social values and needs of
America at that particular time in history. The commitment of science educators,
scientists, and reformers have allowed for a continuous focus on the core content and
values of science. Schlesinger (1986) points out a similar cycle in a shift towards social
activism and a refocusing on individual interests. He feels societies tire of social
upheaval and retreat into a period that focuses on individual wellbeing, which eventually
wears thin and leads to renewed interest in social activism (Schlesinger, 1986). It is
important to note that the cyclic nature of educational reform movements mimic the
cyclic nature of social reform, again confirming that schools are at the front line of
societal unrest (Atkin & Black, 2003).
Science Literacy vs. Scientific Literacy
In surveying current science education reform documents, one of the more
explicit goals is to produce citizens who are scientifically literate (DeBoer, 1991; Duschl,
1990; Osborne et al., 2003). First used in the 1950s, the term scientific literacy
encompassed some objectives within school science curriculum (Roberts & Bybee,
2015). Since then, the term is widely used in educational rhetoric. Unfortunately, there
are many definitions ascribed to it, which makes its usage in educational writing difficult.
Where some only see one term, Roberts and Bybee (2015) find two. They point
out that the distinctions have been made within educational reform documents, and
keying in on which term is used gives readers a perspective on the aims the authors hope
to achieve. They have ascribed a clear set of educational purposes with each term and
have noted the rise and fall of each term within educational documents such as the
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Program for International Student Assessment (PISA) as well as Project 2061 the reform
document produced by the American Association for the Advancement of Science
(2013).
Science literacy implies more adherences to the study of science as an enterprise.
Students are viewed as novice scientists, and the focus of curriculum is on science itself,
such as techniques and methods, prominent extant theories and terminology (Roberts &
Bybee, 2015). It is viewed as a necessary foundation for all students regardless of their
intentions to study science long term, and aligns with traditional educational goals and a
focus on distinct disciplines. Project 2061, defines a scientifically literate person with the
same characteristics associated with science literacy (American Association for the
Advancement of Science, 1993).
Scientific literacy focuses on a more diverse set of principles linked to personal
and societal issues. This term is more indicative of the science for all citizens movement,
which aims to create discernable consumers of science who have the ability to make
informed decisions regarding issues that deal with science (Roberts & Bybee, 2015). The
progressive movement throughout the 1930s and 1940s is an example of scientific
literacy in action. Dewey and fellow progressives focused less on content and more on
allowing students to make personal connections and conclusions based on their
experiences (Rudolph, 2003). More recently, the 21st century science standards have
used similar language to define a scientifically literate individual (Roberts & Bybee,
2015)
Roberts and Bybee (2015) reviewed most of the major science educational reform
movements over the last 20 years and noted the current trend is towards science literacy
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and away from scientific literacy as a reflection of the dominant traditional culture in our
current educational system. PISA has reduced its emphasis on the characteristics of
scientific literacy in 2015 when compared with the previous two testing years (Roberts &
Bybee, 2015). Both Roberts and Bybee feel a bias towards one or the other definition
leaves out major components, and only a balance between the two will help students
become scientifically literate.
Driver, Leach, Miller, and Scott (1996) argue that increased understanding of
science is pivotal for all people for the following reasons:
1. Utilitarian – because science and technology are so ubiquitous in today’s
society, a basic working knowledge will help people understand and use it
more effectively.
2. Democratic – literate citizens are better equipped to make decisions regarding
socio-scientific issues.
3. Cultural – in order to appreciate the important role science plays within our
culture, it is necessary for people to see connections between the two.
4. Moral – science is entrenched in moral ambiguity, and only by understanding
how science works can citizens develop awareness and therefore take a
personal stance on an issue.
5. Science learning – deep understanding of content is only gained by knowing
and appreciating the process and enterprise of science.
Without proper understanding of science, the general public will remain naïve in terms of
their ability to understand key issues in science. This is a disturbing to many in the
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science community, especially when debates over key scientific issues take place before
national, regional, and local elections (Crawford, 2015).
Despite 100+ years of effort, the education system in America has proven
ineffective in producing scientifically literate individuals (J. S. Lederman & Lederman,
2015). U.S. students continually perform below average on PISA assessments, ranking
behind 16 fellow industrialized nations (Cavanagh, 2008). There was no improvement by
2012 with American students still performing below the global average and ranked
behind 22 countries with a national school system (National Center for Education
Statistics, 2015). While the importance of science understanding is a contemporary issue,
it also has a lengthy history.
Since the publication of A Nation at Risk, numerous reforms have been written in
an attempt to increase effective teaching in learning in K-16, and as noted above, each
vacillates between science literacy and scientific literacy. The one aspect that has
remained unchanged throughout educational reform is the importance of age and skill
appropriate laboratory experiences for science students of all ages (National Science
Teacher’s Association, 2007). The need for hands-on experience has been the aim for
laboratories for the last 50 years with the hope that engaging students would help them
connect with the content in more meaningful ways (McGuiness et al., 2002). In practice,
however, labs are failing to meet this level of transformative learning, and some research
questions its effectiveness and value within science education (McGuiness et al., 2002).
The NSTA (2007) states, “for science to be taught properly and effectively, labs
must be an integral part of the science curriculum” (p. 1). However, it is critical that the
experiences of students within the laboratory be integrated with the learning of key
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science concepts, otherwise the students may view lab as a frivolous part of their science
course (Sunal et al., 2008). Laboratory work for the sake of having the students be
hands-on, but not backing the work with a foundational concept, is not an effective
teaching strategy (Crawford, 2015).
Types of Laboratory Instruction
For those who continue to see value in laboratory experiences, the type of
experience that best enables students to grasp an understanding of science is a point of
contention. There is a continuum of laboratory approaches based on the level of student
autonomy and teacher control (Windschitl, 2003). There are three general approaches to
laboratory investigation, each of which will be presented in the following paragraphs. It
is important to note that each of these represents one point on a continuum of laboratory
instructional approaches (Furtak, 2006; Steward, 2007).
The first of the three general approaches is traditional instruction method that was
adopted most recently along with the standards-based reform. This is the epitome of
teacher-centered education, and students are passive in the laboratory. The laboratory
manuals produced for schools were meant to be teacher proof (Crawford, 2015). This
approach appeals to most teachers due to its familiarity and maintaining their classroom
management (Steward, 2007). It also centers on certain learning objectives that teachers
are required to address due to subject standards (Abell & Lederman, 2015).
Also known as confirmation experimentation, direct approach, and cookbook
laboratories, they follow a familiar rubric with a predetermined outcome, and are
designed to provide proof and allow students to accept a theory as scientific truth (Berry,
Gunstone, Loughran, & Mulhall, 2001; Furtak, 2006; Sunal et al., 2008; Windschitl,
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2003). In creating this instructional approach a goal was for students to gain
understanding of how scientific research is conducted because they are reenacting the
scientific protocol that led to the discovery (Berry et al., 2001). However, the curriculum
makers determine the methods of investigation, and there is no creative input from the
students (Windschitl, 2003). Also, teachers give students the answers beforehand, so
there is little discovery left for students (Furtak, 2006).
Unfortunately, research into effective teaching strategies show that following a
cookbook method is not effective in either confirming scientific theories nor in helping
students gain an understanding of the nature of science (NOS) (Hodson, 1993).
According to Berry et al. (2001), “this kind of learning perpetuated by most school
laboratory work neither promotes students’ learning of science concepts, nor helps
students to learn about the practice or purpose of science itself” (p. 318). The more
recent science education reforms begin with the process of moving away from direct
instruction towards more student centered approaches. Although teachers appreciate its
value, it is difficult to implement due to the lack of appropriate training and personal
experience (Crawford, 2015). Combining this with constraints placed on them by strict
standard reforms, the reform movements lose momentum among science teachers
(Crawford, 2015).
The traditional instructional approach is associated with school science, that is a
focus on content and rote memorization with little discourse and connection to students’
lives or about how science works (Crawford, 2015). A laboratory is presumed to be a
place where genuine inquiry takes place, but this is a myth (McGuiness et al., 2002).
Science educators should be cautious and not refer to a traditional lab as an inquiry lab
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(Crawford, 2015). Roth (2006) describe traditional labs as “largely ill conceived,
confused and unproductive in that many students learn little of or about science and do
not engage in doing science” (p. 3). The NSTA’s (2007) positional paper Integral Role
of Laboratory Investigations in Science Instruction called for “developmentally
appropriate and meaningful” laboratory experiences for students K-16 (para. 3), and
traditional laboratories fail to meet this definition (Sunal et al., 2008).
The second general approach is inquiry based learning (IBL) and falls under the
instructional strategies purported by constructivist educators. There is a wide range of
strategies called IBL and are characterized by the level of teacher involvement within the
laboratory (Furtak, 2006). Most of the reforms that are promoting inquiry learning are
referring to a type of IBL. Two of the more common specific types of IBL will be
discussed in this section.
According to Martin-Hansen (2009), inquiry learning closely resembles the
process of scientific inquiry and is useful to help students learn content objectives. The
aim of IBL is to make science content more interactive so students will achieve more
than the superficial understanding equated with learning out of a textbook. IBL is not a
new concept but is an offshoot of Dewey’s progressive education movement of the 1920s
(Martin-Hansen, 2009). However, its incorporation into the laboratory began during the
structure of the discipline reforms, and Joseph Schwab pressed for the need of active
engagement by students in the process of inquiry, and that experiences should come
before content learning (Martin-Hansen, 2009).
In 2000, the National Research Council released a document attempting to
synthesize the latest data on learning and relate it to the teaching profession (Bransford,
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Pellegrino, Donovan, & NetLibrary, 1999). The authors of How People Learn: Bridging
Research and Practice continually revisit the idea that in order for the learning
experience to be transformative, students must take an active role in the process
(Bransford, Pellegrino et al., 1999). This student-centered approach is the core of IBL,
which is what makes it appealing to current science education reformers.
The first specific type of IBL is structured inquiry. Although it is considered IBL,
it is still on the more traditional side of the inquiry continuum (Schwab, 2000). In this
approach, the teacher decides the research question as well as the procedure conducted by
students in an effort to answer the question (Windschitl, 2003). The aspect of this
approach that differs from a traditional approach is students are not given the answers
prior to experimentation, and are left to analyze the data and make conclusions based on
their discoveries.
The second specific approach is guided inquiry (Schwab, 2000). Here the
students are allowed more freedom in deciding how to answer a research question, but
the teacher still provides appropriate research questions. This instructional strategy is
closer to scientific inquiry on the continuum (Furtak, 2006). This approach is not without
challenges. Students may not have the appropriate skills to self-direct, and teachers who
are inexperienced in this instructional approach may be apprehensive in letting students
work autonomously (Germann, Aram, & Burke, 1996). The teachers must withhold the
answers, and justify their rationale to the students. Years of traditional schooling have
conditioned students to know that teachers hold all of the answers; it may be difficult for
them to understand why these are being withheld in this approach (Furtak, 2006).
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While this method is still somewhat controlled by the instructor, it can be
enhanced to gain a richer experience for students. In a case study presented by Berry et
al. (2001), the researchers followed a class in which students worked in groups and
selected one experiment from a pool provided by the instructor. Each group developed
and documented their research protocol carefully, and when completed, this protocol was
then handed over to another research group to be replicated. At the conclusion, the
groups met to discuss the efficacy of the original protocol and collaborated on ways to
improve it for future use. This communication is an integral part of developing and
accepting scientific findings and is not typically discussed in traditional laboratory
settings. The researchers concluded that this enabled students to understand how
scientific knowledge is established and helped them to broaden their understanding of
how scientists work.
While IBL has been prescribed as the cure-all for our science literacy ailments,
there are some who find that it is not beneficial to our students. In fact, Chinn and
Malhotra (2002) state IBL is diametrically opposed to helping students gain the critical
understanding of the science process. They feel IBL is an oversimplified version of
authentic inquiry and it does not express any of the attributes associated with true
scientific inquiry (Chinn & Malhotra, 2002). Because it does not help students learn
about the true nature of science, they worry students will remain naïve throughout their
lives and continue to reject scientific discoveries as unimportant. There are tenets of
authentic inquiry that cannot be replicated by any shortcut or science-light approach.
The third general approach to laboratories is authentic scientific inquiry (ASI).
On the continuum of laboratory inquiry, ASI is the opposite extreme of traditional
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laboratories. Only this approach emulates scientific research and discovery (Crawford,
2015). Also called open inquiry, students have authorship over the development of the
question as well as the methods used to address it (Abell & Lederman, 2015; Brickman et
al., 2009). This instructional strategy emphasizes problem-solving and intellectual skills,
which are key aims for every science education reform document (Schweingruber et al.,
2007), and deemphasizes technical skills (Crawford, 2015).
While there are critics of ASI, most science educators advocate for its use for the
following reasons:
1. ASI aligns itself with all of the latest research on how people learn (Bransford,
Brown, Cocking, & National Research Council (U.S.) Committee on Developments in
the Science of Learning, 1999). Bybee and Van Scotter (2006) summarize those findings
and relate them to the field of science education as: a) Everyone naturally develops their
ideas through sensorial experience, so everyone has preconceived notions of how the
natural world works. Students bring these ideas with them into the science classroom.
b) A conceptual framework is important in the learning process. Most learners are able to
order their ideas and facts within a framework more easily and quickly. c) Learning is
enhanced if students are actively engaged in the learning process and in creating their
own goals. This allows them to monitor their progress and adjust as necessary. Although
it may seem counterintuitive, students who get a wrong answer through ASI are still
learning and may develop a deeper understanding of what constitutes the right answer
(National Research Council (U.S.). Committee on a Conceptual Framework for New K12 Science Education Standards, 2012).
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2. There is a great need for scientists and engineers. Engaging in ASI early in
education may influence a person to pursue science professionally (Sundberg &
Armstrong, 1993; Sundberg et al., 2005). As Dewey and Schwab feared, we have a
public consisting of naïve consumers of science (Crawford, 2015). Not only do they not
comprehend the work of scientists, they are more likely to question the monetary support
of scientific research. ASI provides students with opportunities to both engage in and
develop a real understanding of how science is conducted, and its importance in our
society.
3. If the purpose of scientific education is to help students understand the nature
of science and scientific research, then having them engage in ASI is the best way to
achieve that goal (Crawford, 2015). Bybee and Van Scotter (2006) stated, “[S]tudents
need to do science by participating in activities, completing projects, investigating
questions, and discussing interactive readings” (p. 46). They agree that ASI will allow
students to develop a better understanding of the science process.
4. Because students have more of an active and creative role, ASI allows
students to buy in and gain more enjoyment and motivation from the experience. It also
allows for all students to participate fully within the laboratory, including those from
underrepresented populations (Conner et al., 2013). Case studies in which students
partner with professional scientists find that students valued their experiences and
changed a misconception that they (as students and/or adolescents) were not capable of
participating in scientific discovery (Conner et al., 2013).
5. Scientists and science educators recognize how quickly the field of science
changes and that it is virtually impossible to keep up with all of the new discoveries.
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However, it is also more important than ever for society to evaluate these discoveries as
critical consumers of science (Crawford, 2015). Knowledge about the process of science
and scientific discovery will help citizens discern the value of these discoveries no matter
the field.
6. In current society, one is bombarded with news stories from the media
regarding science and scientific discoveries, and some of these are divisive issues within
our population. An understanding of how science is conducted, developed through
participation in ASI, will help people understand the moral issues between science and
society and make critically important decisions throughout their lives. As Schweingruber
et al. (2007) state “At no time in history has improving science education been more
important than it is today. Major policy debates . . . require a scientifically informed
citizenry as never before in the nation’s history” (p. 1).
Many of the science reformers use the phrase science made explicit. Duschl
(1990) says that science is made explicit when “students are given opportunities to
examine, discuss and argue which data-gathering strategies one might use, which
measurements should be repeated and which data to use for analysis” (p. 188). The
nature of ASI is the embodiment of science made explicit. Regarding students engaging
in ASI, Bower (2005) states students have the opportunity to “reflect on the fact that in
‘real science’ the answer is often not simple, singular, stable, or in many cases even
known” (p. 1). This is diametrically opposed to traditional labs, which are designed to
get every student to the same answer, which is the correct answer (Bower, 2005).
While most science educators, and some science teachers who have experience
with ASI, will agree it is the best way to make science explicit, it is not easy to
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implement into a classroom. Time, money and content constraints (R. D. Anderson,
2002) as well as a lack of experience and resources (R. D. Anderson, 2002; Haney,
Czerniak, & Lumpe, 1996) are major deterrents for science teachers in K-12. However,
laboratories at the college level have several advantages over K-12 in many respects.
Laboratories that accompany undergraduate courses in science may be the last
and best opportunity for students to engage in science positively (Ding & Mollohan,
2015), so it is of utmost importance that these laboratories are the very best learning
opportunities for students. Some advantages of college laboratories include a designated
lab separate from the more formal teaching component reduces the time, and in some
cases the resource, constraint allowing for inquiry learning to be implemented. In
addition, most university instructors have had personal experiences with inquiry,
especially ASI, thus eliminating that lack of proper experience to guide students in their
endeavors. One perceived difficulty is monetary limits coupled with large population of
students. However Thornton (1971) stated ASI laboratories are more cost efficient than
traditional laboratories, so perhaps a limited budget is not a deterrent after all. In spite of
all of the barriers to inquiry learning in science laboratories, there is a trend at the
undergraduate level away from traditional cookbook labs towards IBL and ASI
(Sundberg & Armstrong, 1993; Sundberg et al., 2005).
Reforms in science education are needed in the university setting as well as K-12
(Handelsman et al., 2004). Regarding university introductory science courses
Handelsman et al. (2004) state:
most introductory courses rely on “transmission-of-information” lectures and
“cookbook” laboratory exercises – techniques that are not highly effective in
fostering conceptual understanding or scientific reasoning. There is mounting
evidence that supplementing or replacing lectures with active learning strategies
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and engaging students in discovery and scientific process improves learning and
knowledge retention. (p. 522)
Vision and Change in Undergraduate Biology Education (American Association for the
Advancement of Science, 2009) calls for the standard implementation of research
opportunities for all students, regardless of major. They acknowledge canned laboratory
exercises are ineffective and students are less interested when they feel like they are not a
part of the process, or when students buy in to the research being conducted. It will also
introduce a wider range of students to research who could then shift their career goals and
course selections towards a career in research and STEM (American Association for the
Advancement of Science, 2009).
Reforms in science education have been a consistent part of the educational
landscape, especially in K-12, and all of the current documents echo a similar theme:
students must be hands-on, minds-on, and involved in the process of science in order to
create meaningful connections (American Association for the Advancement of Science,
2013). This is also true at the collegiate level (American Association for the
Advancement of Science, 2009). It seems more likely to implement changes at the
university level as the faculty is often engaged in the process of science and are quite
comfortable and confident in their abilities to conduct research. However, most research
universities prioritize results from research over education of undergraduates instead of
emphasizing ways of making them mutually reinforcing (W. A. Anderson et al., 2011).
Brickman et al. (2009) found significant improvement in the performance and
attitudes of students after participating in guided inquiry labs for a semester while their
counterparts in the traditional labs reported feelings of frustration and a general lack of
enthusiasm for laboratory work. Implementation of inquiry and/or ASI in introductory
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science courses may be the key to help students gain interest, self-efficacy, and increase
their achievement in science courses; however, science courses at the university level
have been slow to change. There is a new set of barriers separate from those in K-12
classrooms that inhibit the adoption of new instructional methods. Handelsmen et al.
(2004) have the following to say regarding science education reform at the university
level:
Many scientists are still unaware of the data and analyses that demonstrate the
effectiveness of active learning techniques. Others may distrust the data because
they see scientists who have flourished in the current educational system. Still
others feel intimidated by the challenge of learning new teaching methods or may
fear that identification as teachers will reduce their credibility as researcher. (p.
522)
While many of the constraints to inquiry teaching do not apply to university science, it is
apparent that the university has its own set of difficulties to overcome. But in the eyes of
some educational reformers, inquiry alone will not get students to the level of
understanding required to be scientifically literate without one more major component,
and that is an explicit understanding of the nature of science.
Nature of Science
It is accepted that a scientifically literate citizen should have a clear understanding
of the nature of science (NOS), and this viewpoint is consistent with both scientists and
science educators (J. S. Lederman & Lederman, 2015). This assumption is more of an
intuitive one as there is little empirical data to support it. However, it has been an
important goal for science education for well over 100 years and is one of the main goals
of many current educational reform documents, such as the Next Generation Science
Standards, the American Association for the Advancement of Science and the National
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Science Teachers Council (American Association for the Advancement of Science, 1993;
Abell & Lederman, 2015; ebrary, 2013; J. S. Lederman & Lederman, 2015; National
Science Teachers Association, 2007). According to J. S. Lederman and Lederman
(2015), “When it comes to NOS, one is hard pressed to find rhetoric arguing against its
importance as an educational outcome” (p. 600).
Although there is a general consensus that NOS is an important part of science
education, there is no real agreement on one definition and as J. S. Lederman and
Lederman (2015) point out, NOS is defined differently in each science discipline. They
provide a list of seven tenets that are generally agreed upon, although some reform
documents add more or reduce this list for their specific use (J. S. Lederman &
Lederman, 2005; N. G. Lederman, 1999b):
1. A distinction must be made between observation and inference. Observations
are made directly by one or more of the five senses. An inference cannot be
sensed directly but are based on observations. The process of science, or
inquiry, is sometimes confused for NOS. The two overlap, but inquiry is the
way in which data is collected, analyzed, etc. while NOS refers to the
“epistemological underpinnings of the activities of science” (N. G. Lederman,
1999b).
2. Scientific knowledge is empirically based, and scientists use data and the
analysis of data to support their conclusions. It is important for students to
understand that hypotheses are never absolutely proven. This is the same for a
scientific theory or law, but neither have they been disproven after countless
rigorous studies.
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3. There is a great deal of human imagination and creativity that is involved in
scientific research. From asking questions and designing a study to analysis
and conclusions, research takes a great deal of forward thinking and ingenuity.
4. Science is a human endeavor, and no two individual scientists will view the
natural world in the exact way. How someone is raised, educated, trained, etc.
will influence the type of research they conduct as well as influence their view
of data and how it relates back to the research question.
5. Scientific findings are tentative and subject to change, and this is especially
true as techniques and technology continually improves. As such, scientific
understandings are continually refined, and in some cases, redefined based on
the latest research findings.
6. Science is socially and culturally embedded, and this context does influence
the lens in which data may be interpreted. For example, early hominid
evolution was interpreted through a White-male culture, so it was assumed
that their culture was also centered on the male-hunter. However, there is
evidence for female dominated hominid societies that becomes obvious when
a feminist lens is applied to available data.
7. There is a distinction between theory and law, and it is based on data being
either observable or inferred. Laws arise from observable phenomenon while
theories are born from inferred data. Most people believe these terms to be in
a hierarchy of knowledge with a law more important than a theory, and that
given time and data support, a theory will become law. In fact, they are of
equal importance and are the highest echelon of scientific knowledge.
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Students who engage in ASI may come to an understanding of some of these tenets
intuitively, but research has shown that leaving NOS to implicit instruction is not
completely effective in enhancing student understanding (N. G. Lederman, 1999b).
Many NOS researchers feel that only explicit discussions will truly help students
complete the full NOS puzzle.
Although science educators have been prescribing NOS in science for over 100
years, there has been little to no progress in increasing students’ or the public’s
understanding of its tenets (N. G. Lederman, 1999b). Lederman argues that the past and
current educational reforms have mishandled NOS instruction, and make too many
assumptions about its inclusion in science classrooms. One such assumption is that
teachers themselves have a working understanding of NOS even though inquiry and NOS
are not typically emphasized in teacher training or professional development. This in
turn makes them ill equipped to teach the process of inquiry and NOS. Lederman
suggests the reform documents should emphasize the necessity of additional professional
development for teachers (N. G. Lederman, 1999a, 1999b; N. G. Lederman & Lederman,
2004) which will help teachers and students “understand the source and limitations of
scientific knowledge [so] they will be better equipped to make informed decisions about
personal and societal problems that are scientifically-based” (N. G. Lederman, 1999b, p.
1). But even if best practices of ASI and explicit NOS instruction are applied, students
may fail to achieve if they possess a negative attitude or low self-efficacy towards science
courses.
The idea that learning more science will be the key to improving a negative
attitude towards science is no longer valid (Rogers & Ford, 1997). Gogolin and Swartz
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(1992) find most students avoid science courses due to negative attitudes and feelings
about the content. This may also discourage them from exposing themselves to
additional science courses in their educational career (Gogolin & Swartz, 1992).
Negative feelings towards science that linger into adulthood will not help close the gap
between the science illiterate and the science elite (Gogolin & Swartz, 1992), so those
must be addressed before students leave their formal schooling.
Science Attitudes vs. Attitudes toward Science
Before discussing how one’s attitude affects their performance in science, it is
important to distinguish what is meant by attitudes towards science. Osborn et al. (2003)
define it as, “the feelings, beliefs, and values held about an object that may be the
enterprise of science, school science, the impact of science on society or scientists
themselves” (p. 1053). This definition is broad and covers a number of facets, all which
contribute to an individual’s attitude towards science (Osborne et al., 2003). A few
examples may include anxiety towards science, enjoyment of science, attitudes of peers
and friends towards science, attitudes of parents, and former achievement in science
courses (Osborne et al., 2003).
Several researchers have reported the same disturbing trend in attitudes towards
science courses. They state students perceive science classes to be useful and enjoyable
in their elementary years, but this positive attitude declines as students move into junior
high and high school (Osborne et al., 2003; Yager & Penick, 1986). This erosion of
attitude is so remarkable that it led Hadden and Johnstone (1983) to conclude that further
education in science does more harm than good for secondary students. This is an
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unfortunate deduction as many science educators and reform documents consider
secondary science education a key to reversing negative trends.
However, there is a schism among students as many of them report a positive
attitude towards science in general, leaving many researchers to believe the problem lies
within school science. The move towards standards-based science curriculum, which
emphasizes rote memorization and deemphasizes problem-solving, is blamed for a
downward trend in attitude and is the epitome of school science (Osborne et al., 2003;
Whitfield, 1979). There is an obvious disconnect between science and school science,
and it is there that science education reformers need to focus their efforts.
When asked to rank their favorite courses, Whitfield (1979) found students ranked
science courses such as physics and chemistry as their least favorite subjects.
Surprisingly, biology seemed to be distanced from other sciences, at least in the minds of
students, as it ranked higher on their lists. However, attitudes towards biology are still a
significant concern for science educators as they affect student achievement in biology
courses (Uno, 1988).
Knowing that postsecondary education is the last chance for individuals to
encounter science in a positive way, the attitudes of college students in science courses
should not be ignored, and yet there is little research on the subject (Ding & Mollohan,
2015). One of few such studies, conducted by Hansen and Birol (2014), found a positive
shift in student attitudes over four years of participation in a biology program, however
they only measured attitudes of biology majors and neglected the non-majors. Gogolin
and Swartz (1992) note biology majors have an overall better attitude towards science at
the onset of a science course than their non-major counterparts. There are few studies in
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which majors and non-majors are directly compared in terms of attitudes towards science
(Ding & Mollohan, 2015). In one of the few known studies, Ding and Mollohan (2015)
reported biology majors started a course with an overall more positive attitude, but had a
less favorable attitude at the conclusion of the course. Interestingly, they found the
opposite trend in non-majors as they had an overall shift towards a more positive attitude
at the conclusion. They attribute this surprising result to the focus of course objectives.
The biology majors undergo more intensive instruction with an emphasis on
memorization and recall while non-majors are treated to a survey of content with ties to
real-world relevance (Ding & Mollohan, 2015). The authors did not mention the type of
laboratory instruction each group received. Although attitudes towards science are an
important factor in how students approach science courses, self-efficacy in science also
plays a role in student achievement.
Self-Efficacy in Science
Self-efficacy is a belief about oneself, which often directly affects one’s attitude
towards something. It is a positive feedback loop in which an individual’s behavior
influences their performance, which in turn influences their self-beliefs and subsequent
behavior (Pajares, 1996). Bandura (1986) postulates a person’s self-efficacy has a large
influence over all aspects of behavior including the attainment of new behaviors and/or
the reservation of existing ones. It can also influence an individual’s persistence and the
amount of time they will spend on a difficult task (Strecher, DeVellis, Becker, &
Rosenstock, 1986). Multon, Brown, and Lent (1991) report, “results (of a meta-analytic
analysis) revealed positive and statistically significant relationships between self-efficacy
beliefs and academic performance and persistence outcomes across a wide variety of
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subjects, experimental designs, and assessment methods” (p. 30). As with attitudes
towards science, there is a paucity of studies that measure student self-efficacy as it
relates to science laboratory courses (Baldwin & Ebert-May, 1999).
Self-efficacy is shaped by four factors: a) drawing upon prior experiences when
performing a similar experience, b) observation of peers engaging in an experience
before the attempting it themselves, c) persuasion by a trusted authority figure, and d) the
students’ perceived level of intellectual arousal (Bandura, 1986). Bandura (1986) states
that once someone establishes a strong self-efficacy in one situation, it can be used to
help in others. Continuous successes raise self-efficacy and the occasional failure
typically does not lower it, but continual failure will erode it away.
It seems logical to predict that a student with high self-efficacy will perform
better in science courses as well as go on to engage in science discourse and apply their
knowledge in a real-world context than an individual with low self-efficacy (Baldwin &
Ebert-May, 1999). Self-efficacy in science will either help or hinder one’s ability to
become scientifically literate (Baldwin & Ebert-May, 1999), so understanding the selfbeliefs of college students engaging in science courses is vital for science instructors. It
is clear that to help our students become the citizens we want them to be, we must
address their attitudes and self-efficacy as it relates to science, not just the instructional
strategy and content.
In this chapter, I summarized several key facets of science education pertinent to
this research project:
1. A historical overview provides perspective on the current state of science
education in the United States.
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2. An understanding of the technical language provides landmarks for evaluating
reforms in science education.
3. The importance of the laboratory in science education, as well as the many
differing philosophies and approaches, is worthy of further research at all
educational levels.
4. Finally, the attitudes and self-efficacy of students have a large bearing on their
approach and overall willingness to engage in science courses and
laboratories.
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CHAPTER THREE
Methodology
The purpose of the current study was to measure changes and identify patterns in
students’ perceptions, self-efficacy, and satisfaction in their laboratory pre- and postparticipation. A case study framework was chosen based on the nature of my research
questions and because I am attempting to describe interactions between a social
phenomenon and the characteristics that define it (Merriam, 1988; Yin, 2003).
According to Merriam (1988), “Case study research, and in particular qualitative case
study, is an ideal design for understanding and interpreting observations of educational
phenomena” (p. 5); and she notes that case study is particularly useful in “situations
where it is impossible to separate the phenomenon’s variables from their context” (p. 10).
Case study is flexible enough for the blending of multiple research approaches, such as
qualitative and quantitative methodologies, in an effort to triangulate my findings (Yin,
2003). Triangulation, in this case, is defined as the collection of data through multiple
methods and the combination allows for the best of each method to be utilized while
surmounting individual weaknesses (Denzin, 1973). The current research is a dual case
study as it utilizes both a qualitative and quantitative approach in its attempt to elucidate
the perspectives of the students participating in these particular general biology
laboratories. In the remainder of this chapter, the elements of the research study will be
outlined.
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Setting
The research settings are general biology courses offered at a private, religious
university in the South. The undergraduate enrollment in the year this research took
place was approximately 13,000. The courses were offered through one of two
departments on campus: The department of Biology or the university’s interdisciplinary
core. All biology majors participate in biology courses from the department, and only
non-majors participate in the course offered by the interdisciplinary core.
Course Descriptions
My populations of interest were students enrolled in one of five lecture/laboratory
settings:
1. BIO 1306/1106 – Modern Concepts of Bioscience (n = 680)
This is a continuation of a two-semester course designed to introduce students to
common themes in biological sciences such as morphology, general physiology,
evolution, and ecology. It is designed for students who are either identified as biology
majors, or those who are interested in pursuing a career in the health allied fields (i.e.,
medical school, dental school, etc.).
The laboratories are conducted on campus and follow a traditional instructional
approach. The concepts covered in the laboratory are intended to reinforce the theories
presented in the lecture.
2. BIO 1406A – Investigations of Modern Biology Concepts II (1 Semester) (n =
48)
In this course, students uses the same textbook and exam materials for the lecture
section as in BIO 1306. It is designed for students who are either identified as biology
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majors, or those who are interested in pursuing a career in the health field (i.e., medical
school, dental school, etc.). The concepts covered in the laboratory are intended to
reinforce the themes presented in the lecture. The laboratory is grounded in authentic
scientific inquiry (ASI), and students apply and are selected by the instructor. The
instructor states the inquiry nature of the lab will “ultimately shed light on seemingly
complicated theories” and the students should “leave this semester with a grasp on basic
biological concepts and their relevance to society today.”
Laboratories are categorized as ASI and are conducted off campus at local
wetlands. Students are given a three-week introduction to such concepts as water
chemistry, aquatic invertebrates, fish species in the wetlands, etc. Following this period,
students are asked to generate a list of research questions in an activity called 30
Questions in 30 Minutes. Students present their top three questions to fellow classmates
(or colleagues) and there is a period of peer questioning and feedback regarding the
viability of each question. In order to simulate authentic collaborative processes, the
instructor is not present in the lab at this time to ensure the students guide all
conversations and decisions. At the conclusion, students choose the questions and form
research groups comprised of three individuals to conduct a study based on their chosen
question.
The research groups are given eight weeks and monetary support in order to
complete the research. All research takes place at the wetlands in either the onsite
laboratory or situated within the environment. Following the completion of the research,
students must present their findings in a conference-style poster presentation. Biology
faculty, as well as faculty and students from the other science disciplines, are encouraged
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to attend the session and ask questions regarding the studies. Posters are then put on
display in the visitor center at the wetlands.
The instructor of this laboratory does not explicitly discuss the tenets of NOS, but
instead allows students to develop an understanding implicitly (Dr. M.H, personal
communication, October 27, 2015).
3. BIO 1406B – Investigations of Modern Biology Concepts II (1 Year) (n = 23)
This course uses the same textbook and exam materials for lecture as the lecture
section for 1306. It is designed for students who are either identified as biology majors,
or those who are interested in pursuing a career in the health field (i.e., medical school,
dental school, etc.).
The concepts covered in the laboratory are intended to reinforce the themes
presented in the lecture. The students who participate in this guided inquiry laboratory
apply and are selected by the instructor. This lab section works cooperatively with the
National Genomic Research Initiative (NGRI) through the Howard Hughes Medical
Institute. As the purpose of this lab is intended to provide an opportunity for discovery,
the students participate for a full year. Participation with NGRI makes authentic inquiry
and discovery accessible to undergraduate students and exposes them to the rigors of this
process at an early junction in their college experience. It also allows the students to
share their findings nationally with fellow scientists, collaborate with them and share
resources and expertise, which is all part of the authentic science experience.
To initiate the process, students provide a local soil sample. From there, they use
a variety of techniques and skills that allow them to extract bacteriophages, grow them on
a medium, isolate the DNA and prepare it for gene sequencing, and finally prepare the
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sample for electron microscopy and characterize it based on the images. Students keep a
scientific journal as they work, and prepare a presentation and a lab report in the final
stages of their participation.
The instructor includes explicit discussion of NOS throughout the semester
including posting prompts and monitoring student commentary on the tenets (Dr. T. A.,
personal communication, October 27, 2015). The students have had one semester of
guided inquiry research prior to the start of this study.
4. BIO 1401 – Current Issues in Human Biology (n = 72)
This course is offered to students who do not identify as either biology major nor
plan to enter an allied health field. The intent of this course is to examine issues in the
media, specifically ones that relate to humans. The instructor does make a concerted
effort to teach students “the ways in which scientists strive for solutions” and how to
“realize how profoundly important scientific knowledge is to your life.”
The laboratories are conducted on campus and follow a traditional style of
instruction. The concepts covered in the laboratory are intended to enforce the themes
presented in the lecture.
5. BIC 2447 – The Natural World II: Global Issues (N = 48)
This course is presented to students who are enrolled in the Honors College at the
university. The course is one year long and covers a range of scientific theories and
disciplines. The lecture portion is team taught with an authority from each discipline.
The students who are participating are not designated as science or biology majors, and
this course fulfills their science requirement for graduation.
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The laboratories are structured inquiry, and the laboratory coordinator develops
the laboratory exercises a year in advance. The concepts covered in the laboratory are
intended to reinforce the themes presented in the lecture.
Instruments
The three instruments I chose are the Colorado Learning Attitudes about Science
Survey for Use in Biology (CLASS-Bio), the Biology Self-Efficacy Scale (BSES), and
the Views of Nature of Science Questionnaire – Form B (VNOS-B). CLASS-Bio and
BSES are self-reporting instruments and students respond to statements on a Likert scale.
The VNOS is a qualitative instrument consisting of seven open-ended questions designed
to probe a students’ familiarity with the tenets of NOS. See Table 2 for an overall
summary of the research methods.
CLASS-Bio
This instrument is one of three designed to survey students participating in the
sciences. The purpose of CLASS-Bio is to “probe a range of perceptions . . . including
enjoyment of the discipline, propensity to make connections to the real world, recognition
of conceptual connections underlying knowledge, and problem-solving strategies”
(Semsar, Knight, Birol, & Smith, 2011) (p. 268). CLASS-Bio is unique in that it
compares the responses from students with those of the experts in the fields by rating
student perceptions on a continuum from novice level thinking to expert thinking. An
expert is defined as someone who holds a PhD in the field. The responses are given on a
5-point Likert scale. Only statements with “unambiguous and nearly unanimous expert
responses are included on the CLASS instruments” (n = 69 representing 30 institutions)
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(Semsar et al., 2011, p. 269). If 30% or more of the experts selected “neutral” as a
response then the question was dropped from the final instrument. The average rate of
consensus on the questions that have been used on the final instrument is 90%.
Table 2
Overview of Research Methods
Research Question

Null Hypothesis

Inquiry Method/
Instrument

Student Population
Involved

How do student
perceptions of prior
science education
experiences shape their
attitudes and
dispositions towards
non-traditional
laboratory instruction?

There are no
discernable patterns in
the descriptions and
contrasts students make
between their past and
current laboratory
experiences.

Qualitative questions
probed student
backgrounds in science.
They were also asked to
compare their current
experience with prior
experiences.

Comments from all
student populations
were analyzed.

What is students’
current understanding
of the tenets of NOS?

There will be no
discernable patterns in
the responses students
give concerning the
tenets of NOS.

VNOS-B

Comments from all
student populations
were analyzed.

How satisfied are
students following their
current laboratory
experience?

There will be no
discernable patterns in
student responses in
their descriptions of
laboratory satisfaction.

Students rated their
level of satisfaction on
a scale of 1-6, and then
asked to explain their
rationale.

Ratings and comments
from all student
populations were
analyzed.

What are student
perceptions regarding
science before and
following participation
in a given laboratory
setting?

There will be no
statistically significant
differences between
measures of student
perceptions before and
after participation in a
given laboratory.

CLASS-Bio

BIO 1306/1106

What are students’
measures of selfefficacy in biology
before and following
participation in a given
laboratory setting?

There will be no
statistically significant
differences between
measures of student
self-efficacy before and
after participation in a
given laboratory.

BSES

BIO 1406A
BIO 1406B
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BIO 1306/1106
BIO 1406A
BIO 1406B

In order to avoid ambiguity, the statements were worded carefully and verified
through student interviews (n = 39) to ensure that it could only be interpreted in one way
regardless of the number of science or biology courses previously taken by respondents.
CLASS-Bio was found to be reliable when test piloted with two student populations in
consecutive years. The researchers responsible for developing the CLASS-Bio calculated
the reliability of the instrument at a Cronbach’s alpha of 0.75. Before using the CLASSBio, Ding and Mollohan (2015) re-estimated the reliability with a more conservative
formula, and found a reliability value of 0.70.
BSES
The Biology Self-Efficacy Scale is a multidimensional instrument designed to
“measure student’s self-reported confidence in understanding and using biology in their
lives” (Baldwin & Ebert-May, 1999, p. 398). Baldwin and Ebert-May propose to use it
as a tool which will allow for insight into student behavior in biology courses and
influence the choices instructors make about their own teaching practices. This
instrument was developed over three phases, which resulted in three factors comprised of
23 individual statements. The overall reliability for the BSES has a Cronbach’s alpha of
0.94. The three factors are moderately correlated (r = 0.48) between themselves, and the
statements are highly correlated within itself with a Cronbach’s alpha load analysis above
0.8.
Factor 1 – This measures students’ perceived confidence when using methods of
biology such as analytical skills to create or interpret laboratory reports and/or ability to
conduct a scientific experiment. This factor is responsible for 20.2% of the overall
variance. The total alpha scale for Factor 1 is 0.88.
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Factor 2 – This relates to how confident a student is when generalizing
information to other biology or science courses and the ability to analyze and interpret
data. This factor is responsible for 19.3% of the variance and has a total alpha score of
0.88.
Factor 3 – Finally, students report their confidence in using the knowledge in
application to their daily lives. Factor 3 is responsible for 17.6% of variance and has a
total scale alpha of 0.89.
VNOS – Form B
The VNOS series was designed to probe student understanding of NOS in depth
and avoid the inherent problems with a forced-choice instrument (N. G. Lederman,
1992). VNOS – Form A consisted of seven open-ended questions in an attempt to
elucidate and clarify a student’s understanding of NOS. Semi-structured individual
interviews were used to validate VNOS – Form A. However, three of the seven items
were found to be too vague and the instrument underwent revision in an attempt to
increase its overall validity.
VNOS – Form B was a revised version of VNOS – Form A, but it was also
adapted for use with preservice teachers. Construct validity was established by
purposefully sampling 18 adults. Nine of the individuals were considered a novice (did
not hold a PhD) and the other nine were experts (held a PhD). None of the selected
participants had studied in the fields of science and were less likely to be familiar with
the tenets of NOS. After completing the written survey, the participants were
interviewed allowing clarification of responses. The results from the interviews and
questionnaires were analyzed separately creating two profiles for every participant. The
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two responses were compared for every individual and discrepancies were re-examined
to determine which profile best represented that individual’s viewpoint. Expert responses
reflected an understanding of NOS at a rate of 3:1 over the novice participants. The
results supported the construct validity of the instrument. Table 2 is an overview of the
research methods used in the current study.
Data Collection
A survey was submitted to all students in all five laboratory settings at the
beginning of the spring 2016 semester, and again towards the conclusion of the spring
2016 semester. The surveys were built and distributed through Qualtrics, an online
survey program. The initial survey included open-ended qualitative questions designed
to probe students’ prior experiences in laboratories as well as their reasoning for
applying, or nor applying, to participate in a non-traditional laboratory. Included were
questions from the CLASS-Bio, BSES, and four of the seven questions from the VNOSB. Students had the option to participate, and the survey was made available for two
weeks. The follow-up survey included a series of new open-ended qualitative questions
that were written to assess student satisfaction with their laboratory experience, their
perceived role as a learner, as well as their willingness to engage in future science
courses. The same questions were included from the CLASS-Bio and the BSES, along
with the last three questions from the VNOS-B. Again, student participation was
voluntary and students were given two weeks to complete the survey. Once the student
responses were collected, the responses were coded and students’ names were erased
from the survey responses.
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Qualitative analysis was conducted in a cyclical fashion in which general themes
were identified first, followed by a reexamination of the data in order to identify
supportive statements for each theme (Creswell, Hanson, Plano, & Morales, 2007;
Merriam, 1988). Therefore, a recursive process in which data was analyzed and
interpreted was implemented throughout all qualitative research questions. Thus,
analysis of data involved coding. Codes represent labels assigned to the descriptive or
inferential information compiled during a study (Miles, Huberman, & Saldaña, 2014).
Coding data represented a recursive data condensation task that clustered meaningful
material. According to Stake (1995), the primary task of analysis is to “tease out
relationships, probe issues, and aggregate categorical data,” in order to generate an
understanding of the case that is being studied (p. 77). The selection of the constantcomparative data analysis method allowed a comparison of various data in multiple ways
to highlight trends that emerged across all of the data sources (Creswell et al., 2007;
Strauss & Corbin, 1990).
Quantitative data were analyzed with SPSS. First, each question was analyzed
with standard descriptive statistics to check normality of data. Next, a factor analysis was
conducted on the results of each instrument to identify correlations between subject
factors within each instrument. Finally, t-tests were conducted to measure differences
between starting scores of students who took both the pre- and post-test and those who
just took the pretest, and pre- and post-scores between the means of BIO 1106, BIO
1406A and BIO 1406B for each factor within the instruments.
This chapter was an outline and discussion of the methodology used in this
research project. To begin, the project and the reasoning behind choosing case study

60

research was introduced. Next, the settings and populations of interest were delineated.
Additionally, the three instruments chosen for this project were discussed each in terms
of validity and reliability. Finally, the survey as the method for collecting data was
described. In Chapter Four, the results from the pre- and post-surveys will be presented.
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CHAPTER FOUR
Analysis of Data
The purpose of the current study was to measure changes and identify patterns in
students’ perceptions, self-efficacy, and satisfaction in their laboratory pre- and postparticipation. Laboratories are an integral part in science education, yet often overlooked
in terms of how they affect students’ views of and interest in science. Implications from
the research can affect laboratory offerings both at the collegiate level, as well as
preparatory level courses (K-12). The research questions and rationale were introduced
in Chapter One. Chapter Two was a thorough overview of the history of science
education, science laboratories, alternative methods of inquiry as well as the nature of
science (NOS). Chapter Three was an outline of the populations of interest and
introduced the instruments used to collect the data. The remainder of this chapter is a
report of the results of this research study. Analysis of data is presented by research
question. Questions 1-3 were qualitative, and analyzed with a recursive and systematic
method that utilized inductive and deductive analysis. Questions 4 and 5 were
quantitative and analyzed using factor analysis and t-tests run in SPSS.
Research Question 1
How do student perceptions of prior science education experiences shape their
attitudes and dispositions towards non-traditional laboratory instruction?
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Two qualitative questions were used to assess this question. The questions were:
1. Do you feel that your high school science courses (including laboratories) have
prepared you for success in this course? Please explain your answer.
2. Please explain why you chose, or did not choose, to participate in either Dr. A’s
or Dr. H’s non-traditional laboratories?
The results of each question are reported for the overall student populations, then by
laboratory type.
Out of the students comprising the populations of the five laboratory types, 192
individuals responded to this question. Of those, approximately 47% of students (91
individuals) felt their formative high school years had prepared them for the rigors of
college laboratories. Almost a third of these individuals had participated in some form of
advanced preparatory course which they attribute to their preparedness. Additionally, 32
individuals stated their high school science courses had given them a foundation in
biology content that has helped them to be successful in their current biology course. In
terms of practical abilities, 29 students attributed their preparedness to laboratory skills
acquired in high school science laboratories. Other notable attributes include prior
exposure to practical exams (3 individuals), having worked independently in prior
laboratories (3 individuals), and effective teachers (3 individuals).
Approximately 36% of students (69 individuals) felt unprepared for their current
biology course. Of them, 20 felt they lacked the foundational knowledge needed to
succeed at the collegiate level either due to a lack of rigor or a large gap in time between
high school and college courses. For example, one respondent stated: “No, I took
biology freshman year of high school which I do not remember very well. The content
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was simple and we only completed one lab, dissecting a worm.” In addition, 18 students
felt the current course was so vastly different from their high school science courses that
there is no way they could be prepared for its rigor. An example response to this question
is: “No, no high school course could prepare us for the mass amount of information that
we would have to organize and understand for this course.” Ten students felt they were
prepared, but the amount of memorization required in their current laboratory was a
barrier to their success. An example response was: “No. Public high school biology was
a joke. I felt that biology was going to be an easier concept for me to understand, but the
memorization and workload that has come with it blindsided me.” Other common
themes included little to no laboratory skills (6 individuals), little or no experiences in a
laboratory (5 students), and no experience with practical exams (3 individuals).
Finally, approximately 15% of respondents (30 individuals) felt they were
prepared in some ways, but were lacking in others. Emerging themes from this group are
similar to themes found in previous responses. For example, 10 students made reference
to the large amount of memorization required for success in their current lab as a
hindrance, and five students lacked the foundational content. Additionally, three students
had little or no prior laboratory experiences, two had never taken a practical exam, and
two others had never worked independently in a laboratory. On the other hand, seven
students felt they had adequate experience and laboratory skills from high school
laboratories, but only two had taken a practical exam in high school. An example
response from this group is:
I do feel like my high school sciences have prepared me, because my school
focused heavily on lab practicals and stressful examination settings. However,
the sheer volume of material was a jump. That is not to say that it was an
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impossible jump, just one that I was probably not the most prepared for from my
high school experience.
We had a few labs in high school, but those weren’t as detailed and helpful as the
ones we have here. High school did help me as far as learning information that I
have applied to my labs, so I got a lot of the book information through high
school courses.
In the following sections, the data are reported for each type of laboratory.
Out of 192 total responses, the majority (132 individuals) were from the BIO
1106 population. Of those, 48% felt their high school science courses had prepared them
for success, and 17 individuals attribute their preparedness to their participation in an AP
or other preparatory science course in high school. In addition, 24 students felt they had
acquired laboratory skills necessary to succeed while in high school, and 22 students
relied on their sound content foundation developed in high school for success. In
contrast, 37% of BIO 1106 respondents did not feel equipped for their current course. Of
these, 18 students felt they lacked the content knowledge necessary to succeed, while 15
students commented the college laboratory experience was so vastly different than
anything they had experienced in high school that there is no way to be prepared for it.
Nine students felt the laboratory was too focused on memorization. The remaining
students responded with both positive and negative responses, and their comments were
variations of those already mentioned.
A total of 20 students participated from the BIO 1406A population. Of those,
only 30% of students (6 individuals) reported being fully prepared for the experience.
Half of the students had participated in AP biology classes in high school, and four of the
six reported being confident in their content base. Students who did not feel they had
been adequately prepared comprised 35% of the 1406A total (7 individuals). Two
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students reported having little or no prior laboratory experiences and two others felt that
they lacked a solid foundation in terms of content knowledge. The remaining seven
students responded with positive and negative comments about their high school
experience.
Twenty-four students from BIO 1406B responded to this question and two-thirds
of the students believe they have been well prepared for their collegiate biology lab.
Thirteen of the 16 students attribute their preparedness to having participated in AP
biology courses in high school, five reported having gained necessary lab skills in high
school, and four individuals felt they have a strong content foundation due to their high
school courses. Eight of the responding students did not feel prepared by their high
school courses. Three of the students felt there was no way to prepare for the course, and
three others referenced their lack of scientific research experience.
Due to the low number of responses from the BIO 1401 and BIC 2447 courses,
their responses have been combined into a common representation of students not
majoring in biology. Fifteen students responded to this question, and six of those
reported feeling adequately prepared for the rigors of their respective courses. Two of
these students had participated in an AP biology course, and one reported having a sound
foundation in the content. Another six students did not feel they were prepared well by
their high school experience. The final three students reported more neutral responses to
this question.
The second survey question asked the students’ reasoning for choosing to
participate in either a non-traditional or traditional laboratory. This question applied only
to the students in the BIO 1306/1106 (traditional) and BIO 1406A and BIO 1406B (non-
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traditional) populations. A total of 35 students from the traditional laboratory responded
to the question. Of those, 20 were unaware that there was an alternative course. Many
responses were a variation of the following: “I didn’t know there was another option
available so I am taking BIO 1106.” An additional eight students had applied, but were
denied due to space limitations in the non-traditional labs: “I applied for Dr. H’s
nontraditional laboratory but was not chosen from the list.” Other themes that emerged
during analysis were: students felt it would take a larger time commitment (“Too much
time”), they felt lacking in qualifications (“I did not since my grade in biology lecture
was not high enough”). In terms of choosing BIO 1106, one student felt it would give a
better foundation (“I really wanted to go the traditional route, because I wanted a solid
foundation”), two were not particularly interested in research, and finally the last student
chose traditional because of the prior investment in laboratory materials. Figure 1 shows
the number of participants and their responses.

Major Themes

Felt unqulaified to apply
Applied but was not accepted
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Figure 1. Research question 1 – BIO 1106 – Major themes.
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Twenty students from BIO 1406A responded to this question, and 14 of them
chose to take this laboratory because they desired an opportunity to conduct research. As
one student responded: “Basically because I can get research experience in this class.”
Eleven students were interested in a lab in which there was no set curriculum, and they
had the freedom to choose their research based on their interests. The students also
recognized that it would be more hands-on and they would be problem solving
throughout the semester. For example:
I chose to participate because I wanted experience doing things hands on in a
laboratory, participating in research, and using problem solving. I also feel I learn
more by doing and figuring out things for myself than following step-by-step out
of a book.
Six respondents connected this experience to their future goals of graduate school or
medical school. One particular comment that expresses this theme is: “I plan to attend
graduate school and I thought that being in a research and development lab with Dr. H
would better prepare me for my graduate school experience.” Four students opted to
enroll in a non-traditional lab because they recognized the novelty of the situation at this
level in their collegiate career. Finally, four students thought this course may help them
to better comprehend the content materials by applying them to real-world research.

Major Themes

Figure 2 shows the number of participants and their responses.
Better comprehension of biology…
Desire for research experience
No lab book/ answer own questions/…
Unique experience/ challenging…
Future plans potentially involve…
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Figure 2. Research question 1 – BIO 1406A – Major themes.
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The last population of students, BIO 1406B, had a total of 24 student respondents.
Ten of these students expressed a desire for research experience. An example response
from this theme is: “I choose to participate because not many freshmen have the
opportunity to do research. I wanted to find out if it is something I would enjoy doing for
the rest of my life.” Additionally, 10 students thought this experience would help them
achieve their future goals, such as graduate school or professional schools. For example:
I wanted to have undergraduate research on my resume for both my resume and to
solidify that I wanted to go into research postgrad. Dr. A’s class is doing almost
exactly what I think I want to do with my life, and that’s very exciting.
Ten students thought this would challenge them more so than a traditional lab. As one
student stated: “Because it was an opportunity to do something different and challenging.
Appealed to me more the gen bio.” Five of the students commented about how the nontraditional approach helped them connect with the content in a meaningful way. The
following statement sums it up:
I chose to participate in Dr. A’s biology class because I was interested in boosting
a career in research. I also wanted a biology class that was more stimulating and
applied the basic concepts we learned from the textbook to reality. It suits my
learning style, because last semester I was in a regular biology class and was very
disenchanted with the experience - class lecture revolved around PowerPoints
directly from the textbook, with the professor practically reading from the
textbook herself. Not engaging or stimulating at all.
Figure 3 shows the number of participants and their responses.
Research Question 2
What is students’ current understanding of the tenets of the nature of science?
Each of the seven tenets, or characteristics, regarding the nature of science (NOS)
was probed using the VNOS-B and scored according to a rubric developed based on item
descriptions located on the VNOS-B researcher form (Abd-El-Khalick, Bell, &
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Lederman, 1998). This rubric is located in Appendix A (Abd-El-Khalick et al., 1998;
Aydeniz & Bilican, 2014). The rubric was designed to assess student responses based on
their level of comprehension for each tenet. The lowest level of comprehension is
designated as an unsophisticated view or UV. When students display some
understanding of a tenet, then their response is regarded as a developing view or DV.
Finally, complete comprehension in a student’s response is marked as an informed view
or IV. Some student responses demonstrated characteristics between these three
categories, so they were rated as between UV and DV, or between DV and IV. Results of
the VNOS-B will be organized by tenet. I will report the results of the entire population
first, then results for individual laboratory population. Table 3 shows each tenet with its
corresponding question from the VNOS-B and the timing of the question.

Better comprehension of biology concepts
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Figure 3. Research question 1 – BIO 1406B – Major themes.
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Table 3
Survey Questions and Corresponding Tenets
Survey Question

Tenet Probed

Timing of Question

1. After scientists have developed a theory
(e.g., atomic theory, kinetic molecular
theory, cell theory), does the theory ever
change? If you believe that scientific
theories do not change, explain why and
defend your answer with examples.

Tenet 1 – Scientific theories are
tentative and subject to revision

Question 1 was
included in the pre
survey

2. Scientists perform
experiments/investigations when trying to
solve problems. Other than in the stage of
planning and design, do scientists use
their creativity and imagination in the
process of performing these experiments/
investigations? Please explain your
answer and provide appropriate examples.

Tenet 3 – Science is a creative
process. Scientists rely heavily
on creativity throughout the
entire process

Tenet 2 – Scientific theories are
based on empirical evidence

3. How are science and art similar? How
are they different?

Question 2 was
included in the pre
survey

Question 3 was
included in the post
survey

4. In the recent past, astronomers differed
greatly in their predictions of the ultimate
fate of the universe. Some astronomers
believed that the universe is expanding
while others believed that it is shrinking,
still others believed that the universe is in
a static state without any expansion or
shrinkage. How were these different
conclusions possible if the astronomers
were all looking at the same experiments
and data?

Tenet 4 – Science is subjective,
and data can be interpreted by
separate researchers differently
due to background, training,
theoretical lens, etc.

5. Is there a difference between a
scientific theory and a scientific law?
Give an example to illustrate your answer.

Tenet 6 – There is a difference
between an observation and an
inference. Observations are
directly measured by the five
senses, while an inference
cannot be directly measured but
are based on observations

Question 4 was
included on the pre
survey

Tenet 5 – Science is embedded
in our culture, including politics
and religion

Tenet 7 – Scientific laws are
based on observations and
scientific theories are based on
inferences. They are both
supported by large numbers of
studies and are of equal
importance.
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Question 5 was
included on the pre
survey

Tenets 1 and 2 - Students responded to the following question: After scientists
have developed a theory (e.g., atomic theory, kinetic molecular theory, cell theory), does
the theory ever change? If you believe that scientific theories do not change, explain why
and defend your answer with examples. If you believe that theories do change: (a)
Explain why. (b) Explain why we bother to teach and learn scientific theories. This
question was designed to probe students’ understanding that science is tentative and
subject to revision, and understanding that theories are based on empirical evidence. The
results for all student respondents is displayed in Figure 4.
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Figure 4. Ranking of student understanding of NOS tenets 1 and 2.
Out of 192 total responses, all but seven students indicated they do believe a
scientific theory is able to be changed, and those seven were given a rating of
unsophisticated view. However, of those who responded in the affirmative, 53% of the
students responded with language and examples that would be considered
unsophisticated. According to Abd-El-Khalick et al. (1998), a respondent with an
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unsophisticated view (UV) of Tenets 1 and 2 “attribute such change solely to the
accumulation of new facts and technologies, rather than the inferential nature of scientific
theories and/or paradigm shifts” (p. 1). The following is a sample response that
exemplifies an unsophisticated understanding:
Scientific theories do change because new evidence transpires all the time.
Theories can last for a long period of time until new evidence signifies something
different. We teach scientific theories to get a better grasp about the origin of
scientific topics. Everything we learn was developed by someone through
experimentation, so they are good to get to know.
A portion of the students (approximately 19%) used language and examples that
demonstrated their developing views (DV). An example of a DV response is:
I think that scientific theories technically can change but, as a whole, they tend to
stay the same or have the same general principal. Theories can be adjusted as
new evidence is found and accounted for, but, as a whole, the theory keeps its
main points. We bother to teach these theories, because, as we know them now,
they are correct. Also, as cliché as it sounds, the students of today are the
scientists of tomorrow. These scientists will continue to test the theories that we
have today and advance them further.
Only 2% of all respondents were classified as having informed views (IV) on
these tenets. An example of an informed view was:
Yes, I believe that theories do change as technology and biological knowledge
changes. Theories explain why and how things happen the way they do based on
our best empirical knowledge at the time, and thus they are not infallible.
However, they can be useful for understanding the way the world works around
us, and often they are quite reliable. For example, the theory of evolution is very
useful for understanding systems biology, and there is significant evidence to
support it. Understanding of the theory of evolution allows us to make further
discoveries within evolution and accurately represents scientific understanding of
our current day.
The remaining 26% of respondents fell in between the three main categories (24%
between UV and DV, 2% between DV and IV). UV-DV example:
Theories do change because science is always evolving as we make new
discoveries and create newer, better technologies. It is still important to learn
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scientific theories because, although new theories continue to be posited, the
current theories are the most advanced ones we have. Generally, new theories
will build upon old ones and so it is important that we have knowledge of the
current theories so that we are prepared to understand any new ones that might
emerge.
DV-IV example:
I believe that theories, much like the evolution of species, can change with time.
Since a theory is an assumption that is supported by a wide variety of facts, and is
widely accepted, it can change with the changing of facts. For example, the
theory that the solar system was geocentric was disproved with the facts of
astronomy, so the theory was thrown out and changed. It is important to know
these theories so that we know where we came from scientifically.
Figure 4 shows the ranking of student understanding of NOS Tenets 1 and 2.
A total of 132 students from the BIO 1306/1106 laboratories responded to the
question, and over half (52%) were rated as UV. Student responses that were between
UV and DV constituted 26%, and 20% responses were rated DV. There were only three
individuals that were rated higher than DV out of this laboratory group.
A total of twenty 1406A students participated in the survey at the beginning of the
semester. The laboratory utilizes authentic student inquiry, but the instructor does not
include explicit discussion of the NOS tenets. Thirteen of the total responses (65%) were
rated as UV. Additionally, three students had views that were considered between UV
and DV (15%), and four were rated as DV (20%). None of the participants were rated
higher than DV.
Finally, 24 participants from the 1406B laboratory responded to this question.
This is a guided inquiry laboratory, and students had been working in this lab for a full
semester prior to the survey. The instructor also includes explicit discussion of the NOS
tenets. Ten of the students were rated as having UV (41%), and five students expressed
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views that were between UV and DV (21%). Five students demonstrated DV
perspectives (21%) and four students were rated above DV (17%).
Due to the limited responses from BIO 1401 and BIC 2447 populations, data has
been combined and represents the students who are not currently planning to major in
biology. Out of the 16 total students, nine (56%) were rated UV, one student response
was rated as DV, and one student response was rated as IV. The remaining five students
had views between UV and DV.
Tenet 3 - Science is a creative process, and a scientist’s creativity is needed from
the initial development of research questions through data analysis and discussion of
results. Student understanding of this tenet was measured twice with the following
questions:
1. Scientists perform experiments/investigations when trying to solve problems.
Other than in the stage of planning and design, do scientists use their
creativity and imagination in the process of performing these
experiments/investigations? Please explain your answer and provide
appropriate examples.
Figure 5 displays the results for all student participants’ responses to this
question.
2. How are science and art similar? How are they different?
Figure 6 shows the resulting responses of this question.
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Figure 5. Ranking of student understanding of NOS tenet 3, question 1.
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Figure 6. Ranking of student understanding of NOS tenet 3, question 2.
The first question in this series asked students to reflect on the creative process of
scientists. A total of 188 students responded to this question. The large majority of
students (76%) held developing views on this particular question. Two example
statements from this group include:
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After the method has been planned out, I do not feel like scientists can stay
scientifically accurate and be creative during the experiment. However in the
conclusion of the experiment they do have the freedom to be creative. They must
imagine how their results support a specific hypothesis.
It definitely takes creativity for scientists to be able to come up with new ways to
test their hypothesis and conduct experiments. They develop these new ideas that
no one has ever had before, and that is exactly what creativity is. Copernicus
used his creative mind to explore the idea of heliocentricism. It took a huge
amount of creativity for Benjamin Franklin to think of his kite-and-key
experiment that lead to the discovery of electricity. Without creativity, there is no
scientific discovery.
Approximately 8% of the students had UV and close to 13% were rated as IV. An
example of a UV statement is:
Creativity is not necessarily needed if an entire experiment or investigation is
already planned out and designed. If the design includes factors such as human
error or a spontaneous difference that is inexplicable, then all the scientist has to
do is follow the procedure with the proper and utmost diligence in order to
complete an experiment/investigation.
In contrast, an IV statement would be:
Yes they do. When scientists finish an experiment and collect and study all their
data into a coherent whole they can use, they have to interpret it. Interpretation of
data is rarely straight forward. Scientists have to use a large degree of creativity
and imagination in order to actually use it in an realistic manner. Without
sufficient creativity, data interpretation becomes very difficult and will produce
conclusions that are contrary to the actual facts. A famous example is the
experiment where electrons were fired into a thin sheaf of gold to verify the exact
“shape” of atoms. The resulting data was so vastly different from expectations, it
was a jumbled mess. Creativity had to be used in order to eventually figure out
the strange results showed that atoms were mostly empty space with a highly
dense core.
The remaining 3% of students were between either UV and DV (2 individuals) or DV
and IV (4 individuals).
When analyzed by individual laboratory population, there were 131 students from
BIO 1306/1106 who responded to this question. Of those 78% were rated as DV, 11% as
IV, and 8% as UV. The remaining students fell between the three categories with two
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students between UV and DV, and 2 students between DV and IV. Twenty students from
the BIO 1406A course answered this question, and 15 of the respondents (75%) were
assessed as DV. Three of the students’ responses (15%) were UV and the last two were
IV (10%). Twenty-four students comprised the BIO 1406B population, and of those, 17
of the answers (71%) were rated as DV. Six of the students (25%) were assessed as IV,
and the last student rated between DV and IV. No students from this population
responded under DV. The final laboratory population, comprised of non-majors, had 13
total respondents. Nine students (69%) were assessed as DV, two students (15%) were
UV, and the final two students (15%) were rated as IV.
The second question asked students to compare art and science and a total of 104
students responded to this question. Of those respondents, 12 believe there are no
similarities between art and science, and the responses were rated UV. The following is
an example statement from one of those 12 students: “I do not see how science and art
are similar. Science is more focused on evidence-based and more rational while art is
more irrational.” Most of those surveyed did find similarities between art and science,
however 58% of responses were rated UV as they never mentioned that both are creative
in their process. An example of UV was: “Science and art are similar in the fact that they
can both be used in expression. They are different in the fact that science is more fact
and theory based, whereas art is more abstract.” Twenty-three percent of the responses
were ranked as DV. An example statement from this group was:
Science and art both involve high amounts of creativity; you must think “out of
the box” to be a successful researcher. Both require reliance on understanding of
certain basic principles in the creation of works of research/art. Both can involve
considerable analysis. Art differs from science in that it is open to more
subjectivity and the creative parameters of art can be broken, while true scientific
law cannot.
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The remaining 19% of students ranked between UV and DV. No students ranked above a
DV.
When analyzed by individual populations, there were 61 students from BIO
1406/1106 who answered this question. Of those, 54% of students have a UV based on
their response, 21% had a DV, and the remaining 25% of students were between UV and
DV. A total of 24 students responded this question from BIO 1406A, and 54% of these
students hold UV of this tenet. One third of this group was rated as DV, while 13% were
between UV and DV. Ten students from the BIO 1406B responded to this question and
seven of them had UV. Two of the students had DV and the remaining student rated
between UV and DV. Finally, nine students from the non-major population answered,
and eight students were UV, and one was DV.
Tenets 4 and 5 - Science is subjective, and the same data may be interpreted
differently due to each researcher having a theoretical background and lens, and it is
influenced by culture and society, including politics and religion. Student understanding
of these tenets was assessed by the following question: In the recent past, astronomers
differed greatly in their predictions of the ultimate fate of the universe. Some
astronomers believed the universe is expanding while others believed it is shrinking, still
others believed the universe is in a static state without any expansion or shrinkage. How
were these different conclusions possible if the astronomers were all looking at the same
experiments and data? Student responses were rated, and the results are displayed in
Figure 7.
A total of 180 students completed this question on the survey. Overall, 60% of
the responding students (106 individuals) hold unsophisticated views of this tenet. An
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example statement from this group is: “Every person thinks differently and sees things in
a different light. Just like some people see the glass half empty, some see it half full.
Same goes for scientist.” Approximately 18% of respondents (17 individuals) were
consistent with DV. An example of this view is:
Science research often requires some sort of interpretation. Many times data can
appear to indicate one thing is true and others could look at the data from a
different viewpoint and think it means something totally different. This is often
fueled by the differences in their own backgrounds and research.
The remaining 22% of responding students were ranked between UV and DV.
There were no students who rated above a DV.
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Figure 7. Ranking of student understanding of NOS tenets 4 and 5.
In terms of individual laboratory results, the BIO 1306/1106 population had a
total of 123 responses. Of those, approximately 62% (76 individuals) gave UV
responses, another 20% of the students (24 individuals) had DV of this tenet. The final
18% of students (22 individuals) were rated between UV and DV. Twenty students from
BIO 1406A completed this question, and 65% of them (13 individuals) rated UV, 25% of
80

students (5 individuals) rated as DV, and the remaining 10% (2 individuals) rated
between UV and DV. There were 22 students from BIO 1406B who responded to this
question. Of those responses, 41% (9 individuals) were rated as UV, 14% (3 individuals)
were rated DV, and the remaining 45% (10 individuals) were between UV and DV.
Finally, 14 non-major students answered this question, and 58% of those (8 individuals)
were ranked UV, 7% (1 individual) rated as DV, and the final 36% of responses (5
individuals) were between UV and DV.
Tenets 6 and 7 - There is a difference between observations and inferences.
Inferences are founded from observations, and scientific theories and laws differ based on
which type of research gave rise to them; they are equally important, and one cannot
evolve into another. They both provide a framework for predictions and explanations of
research findings. Student understanding of these tenets were probed by the following
question: Is there a difference between a scientific theory and a scientific law? Give an
example to illustrate your answer. Student responses can be found in Figure 8.
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Figure 8. Ranking of student understanding of NOS tenets 6 and 7.
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In terms of whole population responses, 183 students answered this question.
Five of the students responded there is no difference between a scientific law and a
scientific theory, and were rated as UV. Although the majority believed there is a
difference between them, 92% of students (167 individuals) have UV in regards to this
particular tenet. The following statement is an example of most students’ responses to
this question: “Scientific theory is based off of someone’s findings, however it may not
be widely accepted as true. Scientific law is accepted as true and all findings support it.
For instance, the atom being the smallest matter.” Approximately 4% of the students (7
individuals) rated at DV. An example response from this group is:
Yes. A law is a theory that has mathematical proof. For example: Darwin’s
theory of evolution is supported by volumes of data and is currently, albeit
subjectively, the most favored answer to the “how were we made” question. But
it can’t be accepted as fact, because we have no proof of it. However, Newton
created a set of kinematics that can be proven with mathematics. Delta d will
always equal initial velocity times, time plus the product of one half of
acceleration and time squared. Mathematics can prove it.
Less than 1% of responding students (1 individual) rated as IV. This response is: “Yes.
A scientific law is a statement about an observed phenomenon, such as Newton’s law of
universal gravitation. A theory is an in depth statement that describes the reason why
something happens, such as Darwin’s theory of evolution.” The remaining 4% of student
responses (8 individuals) were rated between DV and IV.
The BIO 1406/1106 population was represented by 128 total responses. Of those,
92% (118 individuals) held UV on this tenet. Approximately 2% of the responses (2
individuals) were rated at DV, and less than 1% (1 individual) was ranked as IV. The
remaining 5% of responses (7 individuals) were between DV and IV. Twenty students
from BIO 1406A responded to this question and 85% of them (17 individuals) held UV.
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Two students (10%) were rated as DV, and only one student (5% of the total) was given a
rating between DV and IV. No students from this group received an IV. Of the 22
students who responded from BIO 1406B, 86% of them (19 individuals) were rated as
UV, and the remaining students responses (3 individuals) were rated as DV (14% of total
responses). Finally, 13 total students from the non-majors courses answered this
question, and all of them were found to have UV (100% of total).
Research Question 3
How satisfied are students following their current laboratory experience?
At the end of the semester, students were asked to rank their level of satisfaction
with their spring 2016 laboratory experience. The ranking system ranged from extremely
satisfied (numerically a 1) to extremely dissatisfied (numerically a 6). The students were
asked to explain their ranking choice. Additional questions were used to assess student
satisfaction, and were specific to the laboratory. The students from BIO 1106 were asked
if they felt the students in the non-traditional laboratories had a better experience overall
when compared with their experience. They were then asked if they had the opportunity
over, would they choose to participate in a non-traditional laboratory. Students from the
BIO 1406 laboratories were asked if they would recommend the course to other students.
Finally, all participants were asked to rate their interest in science as a subject and how
this rating had increased or decreased following their laboratory experience.
A total of 68 students from BIO 1106 responded and rated their satisfaction with
the laboratory. Overall, the students gave the laboratory course an average satisfaction
level of 2.84. For this group, 10 themes emerged during qualitative analysis. Table 4
shows the themes and associated comments.
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Table 4
Qualitative Themes and Supporting Comments from BIO 1106 –
Students regarding Laboratory Satisfaction
Theme

Student Comments

Good experience/
interesting/
learned a lot

Because the information is interesting and my TA is awesome.

The Ta/La was
helpful/ made lab
enjoyable

I really enjoyed my learning experience in the lab, my TA was both helpful and
patient.

Memorization
was emphasized/
info was
forgotten after lab
exam

The course had so much material that had to be covered, that it was basically testing
how well you can memorize lots of material.

Interesting material. Good TA. A bit disappointed at lack of live specimens.

I loved my TA and the material was interesting even though it was a bit tedious.

I think the lab is kind of useful for me to understand the variety of different
organism, but I do not think learning those organism will help me in my future
career. Also, it is lots of stuff to memorize which I forget after the test.
The material will never be used again. We studied incredibly hard over pointless
material.

Too much time
and effort for one
credit/ overly
complicated and
difficult

It should be worth more than one credit hour for the amount of studying needed to
do well on the tests.

Lab materials
have no
correlation to
lecture materials/
lab info not
relevant or
pertinent

The course is just rote memorization, it’s very frustrating. It doesn’t seem to have
any correlation to the biology lecture.

Mention of lab
exam/ not enough
preparation by
TA/ excessively
difficult

It was waaaaaay too end heavy. At the beginning of the semester, all we had to do
was take an open book quiz before class, show up to class, do an easy worksheet,
and then leave. At the end of the semester we got loaded with material to memorize
within a couple of weeks. A lab should test our basic knowledge of the material
covered in class, not rat anatomy.

There’s too much stress and information to learn for a one credit class.
It requires a lot of study time for a 1 hour course (needs more studying than the
biology lecture).

I feel that the course is more focused on memorization of taxonomy, and not
focused on supplementing the material learned in BIO 1306.
Course has no benefit to my knowledge.

The course does not have a separate lecture and the lab TA did not further explain
anything we were doing. Going into the tests, we were never fully aware of what
extent to know certain things, especially life cycles. Also the structure of the lab
was not really conducive to learning, the worksheets were always helpful, but I
never walked out of lab feeling like the chapter I just read was actually applied or
further explained at all. And the lab never lined up with my bio class and the
information we had to memorize was extensive but not useful for my further studies
at all.

(Continued)
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Theme

Student Comments

Mention of grade

I was prepared for each lab and completed all assignments. I took notes over what
my TA presented and took pictures of each specimen to study. Before each test, I
studied rigorously, reading the text and organizing extensive notes. While I did
have to balance my other classes, which require more work and are weighted more,
I still put in many hours of effort into this lab, and after all my hard work, I won’t
get an A in the class.

Passive learning
environment/ fill
out worksheet

While the material was explained in each class, I did not feel instructed in lab.
Students worked independently while the lab instructor went through the
PowerPoint and quietly read the material from each slide. We would fill out the
worksheet and usually be finished with the lab in one hour. The worksheets were
graded in a picky way. For example, one question asked which muscles one
organism possessed, and each person who failed to describe how the muscles
worked lost points even though that is not what the question asked. Because we
studied mostly the worksheets for the exams, it was difficult to succeed. Because
the exams are timed at 1 minute per question, I find myself being tested for my
ability to quickly recall information rather than truly understand it. I feel that if we
had more time, even just 30 more seconds, I would be better able to walk through
the information and make an educated answer rather than rushing to make a guess.
It would also be helpful if the material learned in lab lined up with the material we
learned in class.
If I had been memorizing the phyla of flowers while learning about how they
existed in the environment, I would have done better on both of the exams (the class
and the lab) because I better understood both sets of information in light of what I
learned in the other class. The lab should be a place where I can understand and
organize the information that I learn in class and apply it, not a place where I
memorize the colors of slides so that I can quickly regurgitate the information on a
timed practical exam. Otherwise, I enjoyed the opportunity to look at the material
in a new way!

Uninteresting

I feel like I learned the material, but I didn’t find the lab to be engaging or exciting.
I got an A ... Didn’t like the Material

Students felt
alone/ needed
more guidance

I feel I learned a lot, but it was stressful because I felt it was all on my own.
This class has no structure whatsoever. There is never any way of knowing what
will be on test since there is never any class lecture or test outline to direct students
on what to study. This class also feels like it has no purpose.

Seven of the students were extremely satisfied with their laboratory experience.
Most of the students attributed their ranking either to having a helpful TA/LA (6
individuals) and that the material they were learning was interesting and they learned a
lot of new information throughout the semester (5 individuals). Comments from students
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included: “The lab instructor was helpful and informative. He taught well and graded
fairly” and “Because the information is interesting and my TA is awesome.”
The majority of students, 31 of the total, reported being moderately satisfied with
their laboratory experience. Of these, 11 students found the experience interesting and
felt that they learned a lot in the process. Eight students attributed their rating to their
TA/LA as being helpful and making the lab environment enjoyable. Their satisfaction
was somewhat lessened by the extremely difficult lab exam (6 individuals), the amount of
time spent on a one hour credit course (4 individuals), and that the materials did not
correlate with the lecture materials (2 individuals). Comments from this group are:
“Overall class was a good experience, but I don’t feel most were adequately prepared for
what they were to expect from the practical.”
I believe that the lab is harder than necessary- especially the second test. I would
have been more satisfied if I had an A in the class, but I ended with a high B. If +
and - were included, it would have really helped my GPA. I would have had an A
if I did better on my first exam.
Ten students reported being “somewhat satisfied” with their BIO 1106 laboratory
for the semester. Three of the respondents mentioned there was no correlation between
the lecture and the lab materials. Two students felt the lab exams were excessively
difficult, and another two reported feeling lost and needed more guidance in the lab.
Some statements from this group includes: “I feel I learned a lot, but it was stressful
because I felt it was all on my own.” “BIO Lab 1106 has a lot of random and challenging
material that is sometimes hard to grasp because it is seemingly so irrelevant.”
There were a total of nine students that reported being somewhat dissatisfied with
the BIO 1106 laboratory. Five students felt it was too much work for a one credit course,
three students did not see any correlation between the lecture and lab materials, and three
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students noted the amount of rote memorization required to succeed. Additionally, two
students felt the final exam was excessively difficult. Example statements from this
group include: “I felt like the exams were extremely dense, especially the first two. I
spent more time preparing for this lab than my actual lecture and this lab is only worth
one credit.” “A lot of the information seems unnecessary/unhelpful especially because I
end up forgetting a lot of the details after the test.”
Eight students reported being moderately dissatisfied with their experience in BIO
1106. Five students mentioned the amount of memorization required for the lab, and an
additional five found no relationship between what was presented in lab to what was
being taught in lecture. Two of the students talked about following a worksheet after a
lecture in the laboratory, and two felt they needed more guidance to be successful. Some
statements from this group include: “I feel that the course is more focused on
memorization of taxonomy, and not focused on supplementing the material learned in
BIO 1306.” “I honestly did not learn a lot of information from this course. This course
consisted of hours and hours of memorization, but never really focused on students
actually learning the material.”
Finally, there were three students who were extremely dissatisfied with their
experience in BIO 1106. Their explanations included themes found from other
respondents including: too much time spent on a one credit course (1 individual), lack of
overlap between lecture and lab (1 individual), lab exam was excessively difficult, and
they lacked guidance during lab (1 individual). An example statement from this group
was:
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This class has no structure whatsoever. There is never any way of knowing what
will be on test since there is never any class lecture or test outline to direct
students on what to study. This class also feels like it has no purpose.
A total of 26 students answered this question from the 1406A population. The
average level of satisfaction was 1.36. There were nine themes that emerged from their
responses. Table 5 shows the themes and associated comments.
Seventeen of the students responded with extremely satisfied with their lab
experience. Six of these individuals mentioned the opportunity to learn the process of
research in their explanations. For example: “I felt that this course helped me learn more
about the research aspect of biology.” Four of the respondents thought the course helped
them gain important laboratory skills, three students commented about the hands-on
nature of this laboratory, and three students used the term fun in justifying their extreme
satisfaction. For example: “The class was a lot of fun and it was a class I looked forward
to. I learned a lot about research and biology in general.”
Two students remarked on their development of critical thinking throughout the
semester, two students felt the experience in this laboratory would be useful in either
future courses or their careers, and two students felt this lab helped them to make
connections to the concepts covered in the lecture portion of the course.
Nine students rated their experience in 1406A as moderately satisfying. Three of
the students felt they needed a little more clarity and/or guidance in terms of assessments
or in the completion of their final project. Other themes that were supported in this group
included: hands-on lab (1 individual), gained important laboratory skills (1 individual),
developed critical thinking skills (1 individual), helpful in future courses or career, and
that it was a fun experience (1 individual). One student felt that the laboratory was too
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long: “Helped me think more, but lab time was pretty long.” There were no students who
rated their experience other than either extremely satisfied or moderately satisfied.
Table 5
Qualitative Themes and Supporting Comments from BIO 1406A
Students regarding Laboratory Satisfaction
Theme

Student comments

Hands on

It was AMAZING hands on experience and I feel much more comfortable
continuing on with my undergraduate career.
It was very hands on and allowed actual research to take place.

Gained important skills

I truly feel as if I have learned an important skill that will be useful for me in the
future.
This biology laboratory course has been beneficial by developing my research
skills.
The freedom to choose a topic of interest, and spend the semester experimenting
has been enjoyable and interesting.

Develop critical
thinking

I really enjoyed this lab. I liked the hands on learning and thought it helped me
develop critical thinking skills.
I feel like this biology lab gives the perfect opportunity to explore different areas
of research and allow me to think outside the box. In addition it requires me to
constantly use my reasoning and teamwork skills.

Learned a lot

The lab equipment was adequate, and I learned plenty of new things from the
project.

Helpful in future
studies/career

I learned a lot about research and about myself in this Biology Lab course. I was
able to be creative and come up with a detailed experiment and apply that to real
world things. I learned to like research more and got the opportunity to be in a
research setting. This will help me in my future career and school work.
The course was a good experience for me to explore what I was interested in.

Learned about research

I felt that this course helped me learn more about the research aspect of biology.
This is a research lab that gave me more exposure to the research environment.

Fun/enjoyable

The class was a lot of fun and it was a class I looked forward to. I learned a lot
about research and biology in general.

Connected concepts

I actually used the concepts I learned in the lecture in real world scenarios,
instead of in boring lab experiments.

Needed more guidance
for assessments

I am satisfied with the BIO 1406 lab as far as curriculum but the overall
instruction on how to write the final research paper could improve.
It’s easier than the regular bio 2 lab and I enjoy the research project. However
we had a test in the beginning that was trivial and worth a lot of points though we
didn’t go over the material in class.
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Only 12 students from BIO 1406B responded to this question. They gave the
laboratory an overall satisfaction rating of 1.75. There were four main themes that
emerged during qualitative analysis. Table 6 shows the themes and associated comments.
All of the themes outlined the positive aspects of the laboratory.
Table 6
Qualitative Themes and Supporting Comments from BIO 1406B
Students regarding Laboratory Satisfaction
Theme

Student Comments

Unique opportunity/
learn about research

It has given me great exposure to a unique lab opportunity.

Interesting

We did research and it was really interesting. We learned a lot from it.

Learn to think like a
scientist

I am moderately satisfied with this course and how it has exposed me to the world
of research. My interest in research has been greatly enhanced by taking this course
and working with Dr. A. Sometimes I did not understand why we were learning
things that the regular biology labs were not learning, but I am satisfied that we
learned how to think and present like a true scientist.

Enjoyable

I enjoy being able to continue our research but I prefer actually being in the lab and
running experiments. That being said, I still enjoyed the computer lab and learning
about all those new techniques and databases.

Overall, I have learned a lot about the process of in vitro and in silico research and
feel like I have made research contributions to the science community. However,
the lab itself could be very disorganized, and it felt like on many days we wasted a
lot of time on things that were not pertinent to the lab work of the day.

The course is fun and gives you hands-on experience in research it is just very
tedious and time consuming.

Three individuals rated their experience as extremely satisfying. Two of these
individuals commented on how rare an opportunity they were given as freshman level
students, and one student felt that the experience helped them to apply the concepts
learned in lecture: “It provides me a good opportunity to see how research work like and
apply the knowledge I have learned.” The remaining student enjoyed the freedom to
question and explore throughout the year: “The course involves us in relevant research
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and gives us the freedom to question current processes in phage classification and
analysis.”
The other nine students who represent the BIO 1406B population rated their
experience as moderately satisfying. Four of the students described their year as
interesting: “We did research and it was really interesting. We learned a lot from it.”
Four of the students also commented on the uniqueness of the experience and how this
allowed them to experience research: “The course is fun and gives you hands-on
experience in research, it is just very tedious and time consuming.” Two students
commented on the opportunity to work and think like a scientist:
I am moderately satisfied with this course and how it has exposed me to the world
of research. My interest in research has been greatly enhanced by taking this
course and working with Dr. A. Sometimes I did not understand why we were
learning things that the regular biology labs were not learning, but I am satisfied
that we learned how to think and present like a true scientist.
Finally, two students mentioned how fun and enjoyable this laboratory was for
them. For example: “I enjoy being able to continue our research but I prefer actually
being in the lab and running experiments. That being said, I still enjoyed the computer
lab and learning about all those new techniques and databases.” No students ranked their
satisfaction lower than moderate.
To further assess students’ views of the different laboratory sections as it relates
to overall satisfaction, students in BIO 1106 were asked the following question: Do you
feel that the students who participated in BIO 1406 (either Dr. H’s or Dr. A’s nontraditional lab sections) had a better overall lab experience? Please explain. A total of 36
students from BIO 1106 responded to this question.
Twenty-three of the responding students (approximately 68%) felt the students in
the non-traditional laboratories did have a better overall experience compared to them.
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Ten of these students commented on the more hands-on learning received in nontraditional lab instruction. The following statement exemplifies this theme: “Yes, any
place where you are an active, hands-on learner you are more likely to succeed. When
you do something firsthand you understand and remember it better.” Eight students
recognized that BIO 1406 students had the opportunity to connect what they have learned
into real world applications: “Yes, because they had hands-on, real world activities.”
Five students felt the non-traditional laboratories were more engaging and provided a
more active learning environment for students. As one respondent commented: “I
believe so. From what I understand they got to do actual research. They had a more
active learning environment. I wish I could have been in one of those classes.” Three
students mentioned the lack of rote memorization required in a non-traditional laboratory:
Yes, I absolutely think so. I actually participated in Dr. A’s lab in BIO 1405 but
was unable to continue in BIO 1406 due to scheduling conflicts. Having
experienced both labs, I can say that Dr. A’s lab, while frustrating at times, really
taught me what it looks like to work in a lab. BIO 1306/1106 was simply
learning, studying, and regurgitating.
Two students commented on how the non-traditional labs were focused more on
individual students’ interests, and two students felt they received better instruction.
Seven of the BIO 1106 students (approximately 20%) who responded to this
question felt the students who participated in the non-traditional laboratories did not have
a superior experience. Two students thought the labs consumed too much of the
students’ time, one felt non-traditional labs did not prepare them for taking practical
examinations, and one responded the non-traditional laboratory was more difficult. An
example statement from this group includes: “No, because they had more extensive labs
and research.”
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The remaining six students (12% of total) were not sure if the non-traditional
students had a better overall experience. One of the respondents recognized the nontraditional laboratory might not suit every student by saying: “Not a better experience just
an experience more aptly suited towards certain individuals.” This group of students
recognized the non-traditional labs offered a different experience, but not necessarily a
better one. The results for this question are displayed in Figure 9.
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Figure 9. Responses from students in BIO 1106.
The BIO 1106 students were further probed when asked: If you had the option
over and space/requirements were not an issue, would you have elected to participate in a
non-traditional laboratory such as Dr. H’s or Dr. A’s? There were 52 responses to this
question, and approximately two-thirds of students (67 individuals) would elect to
participate in a non-traditional option. Two of the respondents required more information
about the labs before deciding, and the remaining 15 students (29% of total) would stay
with the traditional laboratory offering. The results are in Figure 10.
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Figure 10. Student preferences in laboratory choice.
The BIO 1406 students (both populations) were asked an additional question to
further ascertain their satisfaction in their laboratory. They were asked: Would you
recommend this laboratory to other students? Please explain. The results of this question
are in Figure 11. A combined number of 36 students answered this question.
Approximately 95% of student responded they would recommend a non-traditional
course to a friend. Fifteen individuals feel that participating in a non-traditional
laboratory gives practical experience and techniques that will be useful in future courses
and careers. As one respondent said: “Very much. Students who are going into research
in the future will benefit from the experience and knowledge as they’ll be able to know
all the right techniques and methods in order to correctly perform an experiment.” Ten
students described the lab’s active learning environment: “Yes, it’s a great opportunity to
conduct research and actively learn.” Nine students commented on the unique
opportunity BIO 1406 gives freshman level students. As one person described it: “Yes, I
think this course is amazing and it offers good opportunities. It is a different kind of
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learning and I think a lot of people would benefit from it.” Four students noted how the
lab translated the lecture materials into real-world experience: “Yes, I would recommend
this course to anyone pursuing a biology degree because it shows you how the biology
you learn in the classroom relates to the biology in the real world.”
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Figure 11. Satisfaction in BIO 1406 laboratory.
There were two responses that did not fall under the previous theme. Both
students mentioned the level of commitment, time, and interest needed to succeed in BIO
1406. These two responses are: “Depends on the student. If they are going to work hard
and willing to put in extra time then yes. If they are just trying to get through requisites,
probably not.” “Only if they are thinking of researching as a career and have a lot of free
time.”
Finally, all participants were asked to rank their like of science from like a great
deal (numerically a 1) to dislike a great deal (numerically a 6). They were also asked
how their current laboratory experience had contributed to their ranking choice. A total
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of 115 students responded to this question. The overall average for like of science as a
subject was 1.63.
The students from BIO 1106 had an average rating of 1.68 for like of science. Of
the 56 respondents, 21 said their experience in the lab had increased their interest in
science as whole. An additional 10 students said their lab experience did not affect their
rating. The final 25 students reported their experience had decreased their general like of
science. The results are in Figure 12.
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Figure 12. Changes in student’s like of science following BIO 1106.
Students in the BIO 1406A laboratory gave their overall like of science an
average ranking of 1.32. Each of the 25 students who reported on this question said their
laboratory experience has increased their like of science. The results of the 1406A
population is in Figure 13.
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Figure 13. Changes in student’s like of science following BIO 1406A.
Students in the BIO 1406B laboratory gave their interest in science an average
rating of 1.33. Of the 12 students who reported on this question, 11 said their
participation in the lab had increased their overall like of science, and one student said it
decreased their like of science. The results for 1406B are in Figure 14.
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Figure 14. Changes in student’s like of science following BIO 1406B.
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The non-majors biology students rated their like of science as a 2.4. Of the nine
reporting students, six said their experience had increased their like of science, and three
said it had no effect on how they feel towards science as a whole. Their results are

Percentage Change

displayed in Figure 15.
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Figure 15. Changes in student’s like of science following participation in either BIO
1401 or BIC 2447.
This concludes the analysis of qualitative findings. The next two sections present
the findings from the quantitative portion of the study. All findings will be further
discussed in Chapter 5.
Research Question 4
What are student perceptions regarding science before and following participation
in a given laboratory setting?
The Colorado Learning Attitudes about Science Survey for Biology (CLASS Bio)
was administered to all student populations in the pre survey and again in the post survey.
In the process of validating the instrument, the authors identified seven factor items
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measured within the instrument. These factors are: real world connections, enjoyment of
biology, problem solving: reasoning, problem solving: synthesis and application, problem
solving: strategies, problem solving: effort and conceptual connections/memorization.
This study used these individual factor items to assess student perceptions quantitatively.
A copy of the instrument is located in Appendix B.
The data from each question was assessed with descriptive statistics to ascertain
its distribution. All of the data was within a normal, bell-curve distribution. As
normality of data has been established, it was determined that the analysis could move
forward. Tables of frequency distributions can be found in Appendix B.
A principal factor analysis was conducted for the factor items both pre and post,
for a total of 14 factor items with oblique rotation. Sampling adequacy was verified
using the Kaiser-Meyer-Olkin test, KMO = 0.80, well above acceptable limits of 0.5
according to Field (2013). The initial analysis of eigenvalues showed three factors that
had a value of over 1, the minimum criteria. In combination, these three factors explain
78.84% of the total variance. However, when assessing the factor matrix, as shown in
Table 7), there was only one factor item, the post data for problem solving: reasoning,
with a value higher than 0.6. It was determined that the results of the oblique rotation of
the factor matrix did not strengthen the original pattern (see Appendix B for rotated factor
matrix). Due to the low values in the structure matrix, none of the factor items were
removed from further analysis. The Cronbach’s alpha for the factor matrix is 0.9 which
indicates high reliability.
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Table 7
Factor Matrix for CLASS Bio
Factor Items
Post Conceptual Connections/Memorization
Pre Problem Solving: Effort
Pre Problem Solving: Reasoning
Pre Conceptual Connections/Memorization
Pre Real World Connections
Post Problem Solving: Effort
Post Enjoyment (Personal Interest)
Pre Enjoyment (Personal Interest)
Pre Problem Solving: Strategies
Post Real World Connections
Post Problem Solving: Strategies
Post Problem Solving: Reasoning
Post Problem Solving: Synthesis and
Application
Pre Problem Solving: Synthesis and
Application
Eigenvalues
% of Variance
Cronbach’s alpha

Factor 1
0.892
0.876
0.863
0.803
0.787
0.783
0.761
0.737
0.728
0.716
0.709
0.689

Factor 2

Factor 3

0.31

-0.367
0.448
-0.344

-0.388
0.476
0.427
0.511

0.673
0.656

-0.383

8.46
60.46
0.944

1.39
9.94

1.18
8.44

Because participation in the survey was voluntary, three types of raw data
emerged: students who had participated in both the pre- and the post-survey (matched
data), students who only participated in the pre survey, and students who participated
only in the post survey. It was suggested that the students in the matched data sets could
be more motivated students, and a t-test was used to determine if their starting values
were higher using the students who only participated in the pretest as a comparison
group. T-tests were conducted for every factor item individually, and the matched data
was assessed two ways: first grouped, then by individual laboratory. The results are
displayed in Table 8.
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Table 8
Comparisons of Pre Scores from Matched Data and Unmatched Data
Confidence
Interval
Pre

N

x

SD

Lower

Upper

t

df

p

r

Real World
Connection

Matched
Unmatched

48
119

18.29
17.82

2.94
2.99

-0.53

1.48

0.94

165

0.35

0.07

Enjoyment
(PI)

Matched
Unmatched

48
119

15.06
14.30

2.86
3.11

-0.27

1.79

1.46

165

0.15

0.11

Problem Solving (PS)
PS: Reasoning

Matched
Unmatched

48
119

15.04
14.85

2.13
2.18

-0.54

0.92

0.52

165

0.60

0.04

PS: Synthesis
& Application

Matched
Unmatched

48
119

19.13
18.76

2.78
3.06

-0.64

1.38

0.72

165

0.47

0.06

PS: Strategies

Matched
Unmatched

48
119

11.50
11.31

1.47
1.77

-0.38

0.76

0.65

165

0.52

0.05

PS: Effort

Matched
Unmatched

48
119

16.98
17.01

2.38
2.62

-0.89

0.83

-0.07

165

0.95

0.00

Conceptual
Connections/
Memorization

Matched
Unmatched

48
119

23.73
22.94

3.45
2.96

-0.26

1.84

1.48

165

0.14

0.11

For all t-tests, significance was determined at an alpha of 0.05, and effect size (r)
was calculated. The thresholds for effect size were determined using Cohen’s
interpretation (Cohen, 1977). Initial analysis reveals no significant differences between
any factors between the matched and the unmatched populations. Additionally, the effect
sizes for each comparison were weak, indicating there are no true differences in the
starting values for each group. Analysis will continue with the matched populations only.
Using each of the seven original factor items, the change of means between the
pre- and post-survey were compared within each of the laboratory populations using the
matched data only. The results are displayed in Table 9. For BIO 1106, the scores for
101

three factor items had significantly changed from the beginning of the semester to the
end. Scores increased significantly in the following factor items: Problem Solving:
Synthesis and Application (the difference, 1.04, BCa 95% CI [-1.85, -0.23], was
significant t(25) = -2.74, p = 0.01, with a moderate effect size of 0.46), Problem Solving:
Strategies (the difference, 0.69, BCa 95% CI [-1.21, -0.17], was significant t(25) = -2.74,
p = 0.01, with a moderate effect size of 0.48), Problem Solving: Efforts (the difference,
0.77, BCa 95% CI [-1.51, -0.03], was significant t(25) = -2.13, p = 0.04, with a moderate
effect size of 0.39). There were no other significant changes in the BIO 1106 population.
Bold type in the column labeled Change in Mean indicates a significant value.
The results for BIO 1406A show significant increases in one of the factor items
over the course of a semester: Problem Solving: Strategies (the difference, 1.23, BCa
95% CI [-2.16, -0.30], was significant t(12) = -2.89, p = 0.01, with a moderately high
effect size of 0.64). While there was no other change in mean scores that returned as
significant, there were two factors which had low p-values and moderate effect sizes.
These were Problem Solving: Reasoning (the difference, 1.00, BCa 95% CI [-2.21, 0.21],
t(12) = -1.80, p = 0.10, with a moderate effect size of 0.46) and Problem Solving: Efforts
(the difference, 1.15, BCa 95% CI [-2.43, 0.12], t(12) = -2.89, p = 0.07, with a moderate
effect size of 0.64. The results for the BIO 1406B laboratory population showed a
significant increase Problem Solving: Strategies (the difference, 1.11, BCa 95% CI [2.00, -.021], was significant t(8) = -2.86, p = 0.02, with a high effect size of 0.71. There
were no other p-values that approached significance or returned a moderate effect size.
The results will be expounded upon in Chapter 5.
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The next series of t-tests compared the change in scores from pre- to post-survey
to identify significant differences between the laboratories for each of the seven original
factor items. BIO 1106 was used as a comparison group for both 1406A and 1406B, and
finally 1406A and 1406B were compared to one another. The results of the t-tests are
located in Tables 10, 11, and 12. There were no significant differences in any factor
when BIO 1106 was compared with either 1406A or 1406B. There were also no
significant differences between BIO 1406A and BIO 1406B. Additionally, there were no
p-values that approached significance or returned anything more than a weak effect size.
Findings will be discussed further in Chapter 5.
Research Question 5
What are students’ measures of self-efficacy in biology before and following
participation in a given laboratory setting?
The Biology Self-Efficacy Belief Scale (BSES) was administered to all student
populations in the pre survey and again in the post survey. In the process of validating
the instrument, the authors identified three factor items measured within the instrument.
These factors are: methods of biology, application of concepts and skills, and
generalization to other biology courses. This study used these individual factor items to
assess student perceptions quantitatively. A copy of the instrument is located in
Appendix C.
The data from each question was assessed with descriptive statistics to ascertain
its distribution. All of the data was within a normal, bell-curve distribution. As
normality of data has been established, it was determined that the analysis could move
forward. Tables of frequency distributions can be found in Appendix C.
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A principal factor analysis was conducted for the six factor items identified by
Baldwin et al. in the validation of the instrument (Baldwin & Ebert-May, 1999). The
Kaiser – Meyer – Olkin Measure of Sampling Adequacy returned a value of 0.822 and
verifies that the sample is well above the minimal acceptable level of 0.05 (Field, 2013).
Initial analyses were performed to determine eigenvalues for each of the six factors, and
only one factor scored over Kaiser’s criterion of 1. As only one factor was extracted (see
Table 13), a rotated factor matrix was not returned.
Because participation in the survey was voluntary, three types of raw data
emerged: students who had participated in both the pre- and post-survey (matched data),
students who only participated in the pre-survey, and students who participated only in
the post-survey. It was suggested the students in the matched data sets could be more
motivated students, and a t-test was used to determine if their starting values were higher
using the students who only participated in the pretest as a comparison group. For all ttests, significance was determined at an alpha of 0.05, and effect size (r) was calculated.
The thresholds for effect size were determined using Cohen’s interpretation (Cohen,
1977).
T-tests were conducted for each factor item individually, and the results are
displayed in Table 14. The matched students (BIO 1106, BIO 1406A and BIO 1406B
grouped) had a significantly higher start value in their self-efficacy in terms of being
more successful in future biology courses (the difference, 1.93, BCa 95% CI [0.15, 3.71],
was significant t(165) = 2.15, p = 0.03, with a small effect size of 0.16). This difference
will be explored further in Chapter 5.
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Table 9

1106
n = 26

Real World Connection
Enjoyment (Personal Interest)
Problem Solving (PS): Reasoning
PS: Synthesis and Application
PS: Strategies
PS: Effort
CC/M

Colorado Learning Attitudes about
Science Survey - Biology

19.00
15.77
15.15
18.69
11.15
16.92
23.69

17.85
14.65
14.69
18.50
11.46
16.62
23.19

x

2.51
2.39
1.90
2.35
1.36
2.62
3.00

2.48
2.05
2.08
2.90
1.91
2.25
4.15

3.28
3.33
2.22
2.47
1.24
2.33
3.16

SD

18.56
15.89
15.67
21.67
13.22
18.33
26.00

19.69
15.92
16.15
18.92
12.38
18.08
24.15

18.04
14.73
15.08
19.54
12.15
17.38
23.23

x

2.65
2.47
2.00
2.29
1.20
2.18
2.92

2.25
2.33
2.38
2.63
1.66
2.56
4.02

2.16
2.95
1.23
2.32
1.29
2.02
3.30

SD

Post-Survey

0.00
0.67
-0.22
0.11
1.11
0.22
0.67

0.69
0.15
1.00
0.23
1.23
1.15
0.46

0.19
0.08
0.38
1.04
0.69
0.77
0.04

post-pre

Change
in Mean

-2.03
-2.59
-1.15
-2.09
-2.01
-1.42
-2.70

-2.24
-1.17
-2.21
-1.61
-2.16
-2.43
-2.44

-1.05
-0.95
-1.08
-1.85
-1.21
-1.51
-0.85

Lower

2.03
1.26
1.60
1.87
-0.21
0.98
1.37

0.86
0.86
0.21
1.15
-0.30
0.12
1.52

0.66
0.80
0.31
-0.23
-0.17
-0.03
0.77

Upper

95% Confidence
Interval of Difference

0.00
-0.80
0.37
-0.13
-2.86
-0.43
-0.76

-0.97
-0.33
-1.80
-0.37
-2.89
-1.97
-0.51

-0.46
-0.18
-1.14
-2.64
-2.74
-2.13
-0.10

t

8
8
8
8
8
8
8

12
12
12
12
12
12
12

25
25
25
25
25
25
25

df

1.00
0.45
0.72
0.90
0.02
0.68
0.47

0.35
0.75
0.10
0.72
0.01
0.07
0.62

0.65
0.86
0.27
0.01
0.01
0.04
0.92

p

Sig

0
0.27
0.21
0.05
0.71
0.15
0.26

0.27
0.09
0.46
0.11
0.64
0.49
0.15

0.09
0.04
0.22
0.46
0.48
0.39
0.02

r

Effect
Size

Change of Mean from Pre to Post for Each Factor Item by Laboratory

1406A
n = 13

Real World Connection
Enjoyment (Personal Interest)
PS: Reasoning
PS: Synthesis and Application
PS: Strategies
PS: Effort
CC/M
18.56
15.22
15.89
21.56
12.11
18.11
25.33

Pre-Survey

1406B
n=9

Real World Connection
Enjoyment (Personal Interest)
PS: Reasoning
PS: Synthesis and Application
PS: Strategies
PS: Effort
CC/M

Note. PS – Problem Solving; CC/M = Conceptual Connections/Memorization
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Table 10

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1106 to BIO 1406A

PS: Effort

PS: Strategies

Enjoyment (Personal Interest)

Real World Connection

Factor Items

1106
1406A

PS: Synthesis and Application 1106
1406A

PS: Reasoning

1106
1406A

1106
1406A

1106
1406A

1106
1406A

BIO

26
13

26
13

26
13

26
13

26
13

26
13

N

0.04
0.46

0.77
1.15

0.69
1.23

1.04
0.23

0.38
1.00

0.08
0.15

0.19
0.69

x

2.01
3.28

1.84
2.12

1.29
1.54

2.01
2.28

1.72
2.00

2.17
1.68

2.12
2.56

SD

-2.14

-1.72

-1.48

-0.64

-1.87

-1.47

-2.06

1.29

0.95

0.41

2.25

0.64

1.32

1.06

-0.50

-0.59

-1.15

1.13

-1.00

-0.11

-0.65

t

37

37

37

37

37

37

37

df

0.62

0.56

0.26

0.27

0.33

0.91

0.52

p

0.08

0.10

0.18

0.18

0.00

0.02

0.11

r

Confidence
Interval
Lower
Upper

CC/M

26
13

(continues)

1106
1406A
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Table 11

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1106 to BIO 1406B

PS: Effort

PS: Strategies

Enjoyment (Personal Interest)

Real World Connection

Factor Items

1106
1406B

PS: Synthesis and Application 1106
1406B

PS: Reasoning

1106
1406B

1106
1406B

1106
1406B

1106
1406B

BIO

26
9

26
9

26
9

26
9

26
9

26
9

26
9

N

0.04
0.67

0.77
0.22

0.69
1.11

1.04
0.11

0.38
-0.22

0.08
0.67

0.19
0.00

x

2.01
2.65

1.84
1.56

1.29
1.17

2.01
2.57

1.72
1.79

2.17
2.50

2.12
2.65

SD

-2.34

-0.85

-1.41

-0.77

-0.76

-2.36

-1.58

1.09

1.95

0.57

2.63

1.97

1.18

1.97

-0.75

0.80

-0.86

1.11

0.90

-0.68

0.22

t

33

33

33

33

33

33

33

df

0.46

0.43

0.40

0.28

0.37

0.50

0.83

p

0.13

0.14

0.15

0.19

0.15

0.12

0.04

r

Confidence
Interval
Lower
Upper

CC/M

1106
1406B
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Table 12

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1406A to BIO 1406B

PS: Effort

PS: Strategies

Enjoyment (Personal Interest)

Real World Connection

Factor Items

1406A
1406B

PS: Synthesis and Application 1406A
1406B

PS: Reasoning

1406A
1406B

1406A
1406B

1406A
1406B

1406A
1406B

BIO

13
9

13
9

13
9

13
9

13
9

13
9

13
9

N

0.46
0.67

1.15
0.22

1.23
1.11

0.23
0.11

1.00
-0.22

0.15
0.67

0.69
0.00

x

3.28
2.65

2.12
1.56

1.54
1.17

2.28
2.57

2.00
1.79

1.68
2.50

2.56
2.65

SD

-2.96

-0.80

-1.15

-2.05

-0.51

-2.36

-1.66

2.55

2.66

1.39

2.29

2.96

1.34

3.04

-0.16

1.12

0.20

0.12

1.47

-0.58

0.62

t

20

20

20

20

20

20

20

df

0.88

0.28

0.85

0.91

0.16

0.57

0.55

p

0.04

0.24

0.04

0.02

0.31

0.13

0.14

r

Confidence
Interval
Lower
Upper

CC/M

1406A
1406B

Note. PS – Problem Solving; CC/M – Conceptual Connections/Memorization
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Table 13
Factor Matrix for BSES Pre- and Post-Data
Factors

Factor 1

Pre-Generalization to other biology courses

0.874

Post-Methods of biology

0.865

Pre-Methods of biology

0.834

Post-Generalization to other biology courses

0.829

Post-Applications of concepts

0.792

Pre-Applications of concepts

0.766

Eigenvalues

4.96

% of variance

73.66

Cronbach’s alpha

0.923

Table 14
Comparisons of Pre-Scores from Matched Data and Unmatched Data
Confidence
Interval
Data

N

x

SD

Lower

Upper

t

df

p

r

Biology
Methods

Matched
Unmatched

48
119

22.27
21.65

5.45
5.68

-1.27

2.52

0.65

165

0.52

0.05

Generalization
to bio/other
courses

Matched
Unmatched

48
119

27.56
25.63

4.69
5.48

0.15

3.71

2.15

165

0.03

0.16

Application of
concepts

Matched
Unmatched

48
119

18.56
17.90

3.79
3.88

-0.64

1.96

1.01

165

0.32

0.08

Using each of the three original factor items, the change of means between the
pre- and the post-survey within each of the laboratory populations was analyzed with a ttest. Significant differences were returned in three of the comparisons. Bold type in the
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column labeled Change in Mean indicates these significant values: post–pre in Table 15.
Student self-efficacy as it related to their ability to be successful in future courses
decreased significantly in the BIO 1106 laboratory population (the difference, 1.54, BCa
95% CI [-6.4, -1.9], was significant t(25) = 2.5, p = 0.019, with a moderate effect size of
0.45). The students in BIO 1406A had significant increases in self-efficacy in two
factors: methods of biology (the difference, - 4.15, BCa 95% CI [-6.4, -1.9], was
significant t(12) = -4.03, p = 0.002, with a large effect size of 0.76) and generalization to
other biology courses (the difference, -2.31, BCa 95% CI [-3.75, -0.86], was significant
t(12) = -3.48, p = 0.005, with a large effect size of 0.71).
The next series of t-tests compared the change in scores from pre- to post-survey
to identify significant differences between the laboratories for each of the three original
factor items. BIO 1106 was used as a comparison group for both 1406A and 1406B, and
finally 1406A and 1406B were compared to one another. The results of the t-tests are
located in Tables 16, 17, and 18. Bold font denotes a significant value.
When compared to the change in scores of participants from the BIO 1106
laboratory, the 1406A population significantly increases their self-efficacy in two of the
three item factors. BIO 1406A increased in both methods of biology (+4.15, sig. 2 tailed
0.02, 0.03) as well as generalization to other biology courses (+3.83, sig. 2 tailed 0.00,
0.00). There was no difference in change scores between the two populations for
application of concepts and skills.
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BIO

1106
n = 26

1406A
n = 13

1406B
n=9

Table 15

Generalization to
Other Biology
Courses

Application of
Concepts and Skills

Biology Methods

22.00

26.88

17.84

21.54

x

3.71

4.55

5.35

3.75

6.11

SD

30.08

19.92

26.15

25.34

18.15

21.54

x

4.82

4.03

3.59

4.02

5.64

3.85

6.34

SD

1.22

1.44

2.31

0.30

4.15

-1.54

0.31

0.00

post - pre

-0.6

-0.26

0.16

0.38

0.25

0.05

0.7

0.35

0.65

Lower

0.98

0.97

0.99

0.97

0.95

0.89

0.95

0.86

0.92

Upper

-1.04

-1.16

-1.24

-3.48

-0.39

-4.03

2.52

-0.49

0.00

t

8

8

8

12

12

12

25

25

25

df

0.33

0.28

0.25

0.00

0.7

0.00

0.02

0.63

1.00

p

Sig

0.29

0.32

0.33

0.71

0.11

0.76

0.45

0.09

0

r

Effect
Size

Biology Student Self-Efficacy Scale Change in Mean from Pre to Post for Each Factor Item and Each Laboratory

Biology Methods
19.62

3.65

26.22

4.09

1.11

95% Confidence
Interval of Difference

Application of
Concepts and Skills

27.77

4.18

20.33

4.00

Change in
Mean

Generalization to
Other Biology
Courses

24.78

3.98

30.33

Post-Survey

Biology Methods

19.11

3.93

Pre-Survey

Application of
Concepts and Skills

29.22

Biology SelfEfficacy Belief Scale

Generalization to
Other Biology
Courses
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The change in scores in the 1406B population contrasted with the BIO 1106
population revealed a significant difference in one of the three factor items. The students
from 1406B had a significant increase self-efficacy in their perceived ability to generalize
their learning to other biology courses (+2.64, sig. 2 tailed 0.03, 0.05). The students from
BIO 1406B had an increase in both of the other factors (methods of biology, +1.44,
application of concepts and skills, +0.92), but they were not significant.
The final comparisons were made between the change in mean scores between the
BIO 1406A and BIO 1406B populations. While there were no significant changes, BIO
1406A students had an increase in mean in two of the three factors (methods of biology,
+2.71, generalization to other biology courses +1.19). In terms of application of concepts
and skills, the BIO 1406B students had an increase of 0.91.
This concludes the analysis of quantitative data, and the end of Chapter 4. All
data collected during the pre- and post-surveys was presented throughout this chapter.
The results will be discussed in Chapter 5.
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Factors

Table 16

r

Lower

p

SD

df

x

t

N

Upper

BIO

-1.33

6.23

0.48

3.62

2.20

0.00

0.00

3.72

37

26

4.15

-0.43

-3.35

1106
13

-2.80

3.57

1.30

1406A

3.11

0.88

0.54

-1.54

2.39

0.00

26

2.31

1.50

37

1106

13

-1.05

1.81

-3.90

1406A

3.21

-0.86

0.00

0.31

2.78

1.00

26

0.31

37

1106

13

0.00
1406A

Confidence
Interval

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1106 to BIO 1406A

Biology Methods

Generalization to bio/other
courses

Application of concepts
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Factors

Table 17

r

Lower

p

SD

df

x

t

N

Upper

BIO

-1.42

3.50

0.18

3.62

-0.18

0.31

0.00

3.50

33

26

1.44

-0.42

-1.04

1106
9

-2.76

3.00

1.28

1406B

3.11

-0.69

0.35

-1.54

3.22

0.04

26

1.11

1.54

33

1106

9

-0.96

3.32

-2.18

1406B

3.21

-1.38

0.19

0.31

3.15

0.47

29

1.22

33

1106

9

-0.74
1406B

Confidence
Interval

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1106 to BIO 1406B

Biology Methods

Generalization to bio/other
courses
Application of concepts
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Factors

Table 18

r

Lower

p

SD

df

x

t

N

Upper

BIO

2.25

3.67

0.36

3.72

-0.26

0.10

4.15

3.50

20

13

1.44

3.54

1.72

1406A
9

1.08

3.25

6.16

1406B

2.39

-0.88

0.22

2.31

3.22

0.33

13

1.11

1.85

20

1406A

9

-0.85

3.11

1.00

1406B

2.78

-1.20

0.16

0.31

3.15

0.48

13

1.22

20

1406A

9

-0.72
1406B

Confidence
Interval

Comparison of Change of Mean Scores between Laboratory Populations – BIO 1406A to BIO 1406B

Biology Methods

Generalization to bio/other
courses

Application of concepts
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CHAPTER FIVE
Analysis and Implications
Chapter One was a guiding overview of the research. In Chapter Two, I reviewed
pertinent literature. In Chapter Three, I outlined the populations of interest, the survey
methods as well as the analyses associated with my research. Chapter Four was a report
of the results, and in this chapter, I will discuss my findings and how they apply to
undergraduate biology laboratory education. Limitations of this study as well as future
research will be examined in this chapter as well. The analysis of findings will be guided
by the research questions. In addition to the five research questions analyzed in Chapter
4, Question 6 has been added at the end of Chapter 5 as a summative question that begins
to address the data in a larger context, specifically how it related to curriculum in both
higher education and K-12 biology courses. Table 19 gives summation of the major
finding in each qualitative research question. A similar table summarizing the results of
the quantitative questions is located between the discussion of Questions 3 and 4.
Research Question 1
How do student perceptions of prior science education experiences shape their
attitudes and dispositions towards non-traditional laboratory instruction?
At a glance, the students who reported having participated in either an advanced
placement (AP), college preparatory, or highly rigorous science courses have reported
feeling well prepared for success in their current laboratory situation. Conversely,
students who reportedly do not feel adequately prepared attribute their feelings to poor
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preparation by high school science courses, lack of content knowledge, and the sense that
there was no way to be prepared for their current laboratory experience. Additionally,
students who are participating in the non-traditional laboratories, BIO 1406A or 1406B,
seem to be motivated by future career aspirations and the desire to try something new and
challenging. The remaining discussion for question 1 will provide a more in depth
discussion of findings, implications of findings, limitations, and future research.
Table 19
Summary of Findings from Qualitative Research Questions
Research
Question

Summary of Findings

Question 1

Students who were reportedly prepared for success in lab attributed it
to AP or college prep courses in high school. Students in nontraditional laboratories reported career aspirations in or with research.

Question 2

Students have an overall deficiency in understanding on NOS.
Students who participated in BIO 1406B, with explicit discussions of
NOS, had higher levels of understanding in some tenets. Discussions
of NOS must be included in courses at all levels.

Question 3

Students in non-traditional labs reported a higher satisfaction in their
laboratory experiences when compared with traditional students. Most
traditional students recognized the unique experience of non-traditional
labs and a large portion of them would participate in one if they had the
opportunity over. Non-traditional students felt that their experience
increased their like of science, while over half of traditional students
reported a decreased like of science following their lab participation.

As the number of K-12 reformations grow with the intent of better preparing
students for college, it becomes obvious that a disconnection exists between the effort
needed to succeed in high school and that needed to succeed at the college level (D. J.
Gibson, 1993). The current culture of standardized testing in public schools is partially to
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blame as high school students spend less time committed to studying yet are passing with
high grades due to grade inflation (Jennings, 1995; Schneider & Stevenson, 1999). There
are also lowered expectations for student success in high school, and all of this combines
to create unrealistic ideals of what it means to be successful in a collegiate environment,
and eventually the professional world (DeBard, 2004; Schneider & Stevenson, 1999).
Although more students than ever attend, the colleges and universities still find incoming
students ill prepared for success at the collegiate level (Fogg, 2007; Jennings, 1995;
McCrickerd, 2012).
According to the Public High School Graduation and College Readiness Rates in
the United States (Greene & Forster, 2003), only 70% of students graduate from public
high schools, and only 30% are college ready, which is indicated by three factors: a)
successfully graduating from high school, b) completing collegiate prerequisite courses,
and c) acquiring basic literacy skills. According to the 2004-2005 results from the High
School Survey of Student Engagement (HSSSE), 47% of students spend less than three
hours per week studying and preparing for their high school courses (McCarthy & Kuh,
2006). Most of the high school students who responded to the HSSSE felt they were still
able to meet all that was required of them by their classes without additional time spent in
preparation. This is in contrast to first year college students who report spending more
than 10 hours per week in preparation for courses (McCarthy & Kuh, 2006).
For this research study, students in all populations of interest were asked if they
felt prepared for the rigors of their current laboratory by their high school science
courses, including labs. It is important to note that the students in the majors courses
(BIO 1106, BIO 1406A and BIO 1406B) were asked this question at the beginning of the
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Spring 2016 semester and their prior collegiate biology laboratory experience was either
1105 (for all 1106 and 1406A students) or 1406B (which is a full year laboratory). The
majority of the students in BIC 2447 were also continuing with a full year course so had
participated in a collegiate laboratory prior to being asked this question. The final group
of students, BIO 1401, was the only one in which students engaged in a one-semester
course. It is unknown if they had college laboratory experience prior to responding to
this question.
A little over a third of students who responded in the positive about feeling
prepared by their high school courses attributed that success to their participation in
either an advanced placement (AP) or college preparatory science course in high school.
According to the National Center for Educational Accountability, whether or not a
student takes and passes AP exams is the best indicator for success and preparedness for
the rigors of college (Dougherty, Mellor, & Jian, 2006). Other research has concluded
that rigorous coursework in high school is a significant factor in whether or not students
will complete college and attain a degree (Maltese & Tai, 2011). Unfortunately for many,
the HSSSE reports that half of all high school students feel that they are challenged to do
their best work in their high school classes (McCarthy & Kuh, 2006).
The results from my survey mirror what has been discussed in the previous
paragraph. It appears that participation in rigorous science courses in high school, such
as AP or college preparatory courses, is the best conduit for preparing students for
college science courses. The students in my populations seem to be aware of the benefits
of having had those prior experiences. These students also attributed their preparedness
to prior laboratory work in high school equipping them with knowledge of basic
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laboratory procedures: general laboratory skills, use of common equipment, and, for
some, prior exposure to practical exams.
The laboratory population with the highest number of students who felt prepared
for success was BIO 1406B. Two thirds of these students responded affirmatively to this
question, and all but three mentioned having taken an AP course in high school. It is also
important to note that these students participate in their lab for a full year and had to
apply for the 1406B lab section before the end of their senior year of high school. Taking
that into account, it is unsurprising that these students felt better prepared for success as
they are likely highly motivated students in science.
Conversely, the students who reported not feeling well prepared for success made
no mention of having taken an AP course, or specifically stated that they did not take an
AP course as a reason why they were not prepared. A few students alluded to the lack of
rigor in their high school science courses. This may explain why just under a third of
these respondents felt as though they lacked a solid content foundation in biology. There
were many of those particular students who also stated they had limited or no exposure to
laboratory work and lacked the skills and knowledge expected of them in college. This is
unsurprising as the current culture of high school courses is to cover a large number of
topics in preparation for standardized tests leaving little time for the practical application
of concepts in the laboratory.
As the results of the HSSSE demonstrate, there is a large disparity in preparatory
time requirements for college courses versus high school courses. This may help explain
the large number of comments from students in BIO 1106, BIO 1406A, and BIO 1406B
who felt the amount of information required for lab was overwhelming, the focus was too
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much on memorization, or there was just no possible teaching strategy or experience that
would have prepared them for success in the laboratory. While it is easy to place blame
on the inadequacies of the students, we must also consider the course as a potential
culprit. Many introductory college science classes require the basic facts to be
memorized knowing subsequent science courses will build upon those facts (Michael &
Modell, 2003; Walczyk & Ramsey, 2003; Wieman, 2007). One of the more revealing
themes that manifested from this research question was the notion the laboratory,
specifically BIO 1105/1106, was so completely different from anything else these
students had ever experienced in high school that there was no way for them to be fully
prepared. They seemed overwhelmed with the amount of material introduced in the
laboratory, and many students, from both the prepared and unprepared groups, made
reference to the fact that memorization seemed to be the primary focus of the laboratory.
These responses can be explained by both lack of preparation by high school courses as
well as the inadequacies of the laboratory design.
The second half of this question speaks to student motivation in choosing to
participate, or choosing not to participate, in a non-traditional laboratory. Students were
informed ahead of time of the type of environment and the workload needed to succeed
in a non-traditional laboratory, yet over 71 students participated in non-traditional labs
with more denied due to space limitations. In order to gain a clearer understanding of
their motivation, students were asked to explain their reasoning for taking, or not taking,
a non-traditional laboratory.
One of the links between student motivation and persistence in a STEM program
is future career aspirations, or what Lent, Brown, and Hackett (2000) called social
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cognitive career theory (SCCT). A longitudinal study on STEM persistence conducted
by Maltese and Tai (2011) yielded three interesting factors that help to predict a student’s
SCCT and persistence in STEM. First, eighth grade students who were interested in
pursuing science and who believed that science would be beneficial to their future were
more likely to complete a degree in STEM. Secondly, when seniors indicated interest in
pursuing a degree in a STEM field, they were three times more likely to earn that degree
when contrasted with seniors who expressed interests in non-STEM fields. This indicates
the decisions made by students before they leave high school are strong predictors for
completion of their chosen degree. Lastly, students who complete more science courses
in high school and who started college by completing more STEM courses was more
likely to complete a degree in a STEM field.
When BIO 1106 students were asked to explain their choice to remain in the
traditional lab, only one student justified their decision because they thought it would
give them more solid foundation in biology. This is the only response that showed any
forethought in terms of future benefits of a traditional laboratory experience. In all, only
four respondents preferred to remain in the traditional laboratory. In contrast, most of the
students either did not know there was an alternative to 1106, or they had applied and
were denied entrance into the non-traditional laboratories. This large subset of students
(approximately 80%) who were not aware of an alternative, or who were not accepted
despite applying, may represent a larger portion of students who would choose an
alternative route if it was available. There will be more discussion on this particular
subject in Question 3.
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Themes within the responses from the BIO 1406A students reveal these students
have a high motivation towards experiencing authentic scientific inquiry (ASI). A total
of 29 student responses mentioned the desire to engage in ASI. Many of the students
recognized that participating in non-traditional labs would be a unique experience and
would allow them the freedom to explore their own questions and engage in science
concepts in a fully hands-on way. The desire to answer one’s own question is not limited
to scientists alone, and giving highly motivated students an opportunity to engage in ASI
can potentially help them to make career decisions. Six of the responding students from
this laboratory did mention that research could feature in their future careers, so these
individuals have made a conscious decision with regard to their SCCT. This group of
students displays the tendencies necessary to persist in STEM (Maltese & Tai, 2011).
The responses from students in BIO 1406B fell into the same qualitative themes
as those identified for 1406A, however there was a larger portion of responses from
students who have career aspirations that involve research. Due to the fact they applied
for this course while still in high school, it is not surprising that many of them have
responses directly related to their SCCT. According to the work of Maltese and Tai
(2011), these are the students who will likely persist and obtain a degree in STEM.
The implications from this part of the study are wide-ranging. The first is the
need for more rigorous science courses at the high school level. This is not a new
challenge in K-12 science education, but it does substantiate the current reforms, which
call for rigorous standards, deep conceptual learning, and challenging students. Using the
proposed framework of cross cutting science disciplines in high school will keep biology
content relevant as many students only encounter biology early in high school and never
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revisit concepts before beginning college (Quinn, Schweingruber, & Keller, 2012).
Findings from this research also highlight the need for increased laboratory time in high
school science courses so students have some level of skill when entering the collegiate
laboratory.
In terms of keeping students on track to complete a degree in STEM and fill
future STEM job vacancies, as Maltese and Tai ( 2011) found, students who are likely to
persist in STEM can be identified as early as the eighth grade. This is important as high
school and early college science courses will then influence a student’s decision to stay or
leave a STEM pathway. However, my research indicates that students in the largest
population, which is a required course and will be taken by hundreds of students per year,
are overwhelmed with the amount of information, the lack of content connection between
lecture and lab materials, and the reliance of rote memorization as the only instructional
tool. Memorization, or shallow learning, does not help students to link new information
to their existing knowledge (Walker, Greene, & Mansell, 2006). This approach may not
be appropriate as the goal is to retain students by keeping their interests engaged in
science. Seymour and Hewitt (1997) found the end of the first year of college was high
risk for students to switch from a STEM track. As BIO 1105/1106 is the lab component
that accompanies the lecture taken as a freshman level course, it could be a deterrent to
students pursuing a degree in biology because of its reliance on shallow learning and rote
memorization.
Recent research into how people learn shows rote memorization does not lead to
conceptual understanding. In a survey of 50 faculty members who taught introductory
biology, Momsen, Long, Wyse, and Ebert-May (2010) found most professors state clear
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goals for deep conceptual understanding in their syllabi, however, they found that 93% of
corresponding examinations only assess student understanding at the lowest levels of
Bloom’s Taxonomy of Learning Domains (Bloom, 1956). In fact, the majority of
introductory biology courses suffer from the curricular problem of being an inch deep
and a mile wide, where large amounts of information are taught through traditional
lecturing techniques (Wood, 2009) that “persist at the expense of helping students
develop higher-level cognitive skills” (Momsen et al., 2010, p. 435). As described in the
literature review, the laboratory portion of the course was designed to enhance conceptual
understanding by allowing students to encounter science in a personal and profound way.
It would seem the BIO 1106 laboratory is not meeting the criteria of an environment that
will help students to make conceptual connections.
On the other hand, the non-traditional laboratories of BIO 1406A and 1406B are
focused less on memorization and more on application of concepts and understanding the
process of scientific questioning. Because of their design, participation in these
laboratories encourages independent thinking, collaborative learning, and problem
solving, which are hallmarks of conceptual learning (Lujan & DiCarlo, 2006). It is
apparent from the current research that students who are enrolled in one of the nontraditional labs have clear SCCT and high motivation for research and learning biology.
However, there were many other students denied the opportunity because of space
restrictions, perceived academic inadequacies, or lack of information. Disinterest in
research was not a common theme among the BIO 1106 students. An added bonus of
additional laboratories is allowing students with unclear or unrealistic SCCTs to
experience science in a new way and perhaps reorder their career goals.
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One of the major limitations to this research question was the low number of
student participants. By making participation in the survey voluntary, there were low
numbers of participants in some of the populations. Also, a question designed to assess
student participants prior high school laboratory experiences was worded poorly, and
failed to address that aspect of the research.
Future research would include gaining a clearer understanding of student SCCTs
as well as their role in retention of students who participate in non-traditional research
laboratories. Additionally, longitudinal studies of students who have not defined a SCCT
after their experience in an ASI or research driven laboratory would give insight into the
role early experimental experiences have in helping students define career goals in or out
of STEM. Finally, evaluating the role of non-traditional laboratories in helping students
find new career goals and persist in science if they turn away from their original SCCT.
Research Question 2
What is students’ current understanding of NOS?
Initial analyses of the VNOS-B instrument reveal large gaps in students’
fundamental knowledge regarding the nature of science (NOS). A copy of the VNOS-B
instrument can be found in Appendix A. While students may grasp some of the
characteristics, or tenets, of NOS, overall they hold onto misconceptions that need to be
addressed regardless of their chosen career path. Findings from this research show some
of these tenets have been addressed within certain populations of interest, leading to
greater student understanding when compared with other students.
The struggle to help students understand the fundamental characteristics of the
NOS has been long and difficult. Most research shows despite numerous educational
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reforms, students, as well as K-12 educators, still lack an understanding of what science
is, how it generates new information, and how it relates to our everyday lives (Abd-ElKhalick et al., 1998). By assessing student comprehension of NOS in general biology
courses, a snapshot of current student understandings as well as misconceptions that
students bring with them into their collegiate science courses can be generated. Students’
views of the various tenets associated with NOS were probed with both the pre- and postsurvey, and responses were scored with a rubric created based on current NOS research
in the literature. This rubric is located in Appendix A (Abd-El-Khalick et al., 1998;
Aydeniz & Bilican, 2014). The rubric was designed to assess student responses based on
their level of comprehension for each tenet. The lowest level of comprehension is
designated as an unsophisticated view or UV. When students display some
understanding of a tenet, then their response is regarded as a developing view or DV.
Finally, complete comprehension in a student’s response is marked as an informed view
or IV. Some student responses demonstrated characteristics between these three
categories, so they were rated as between UV and DV, or between DV and IV.
The first two tenets assessed by the VNOS-B is a students’ understanding that
science is tentative and can be revised as new data is collected, but a theory is rarely
discarded because of the vast number of supporting studies and that evidence to support a
theory is empirical in nature. A student with a more sophisticated understanding will also
know a theory is based on empirical evidence. Students were also asked to provide an
example or evidence to support their view. This tenet was probed at the beginning of the
semester as part of the pre-survey.
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While the majority of those surveyed thought a theory could be revised, there
were a few individuals who believed the opposite was true. While this group may be
small, they represent a portion of our public who demonstrate a complete ignorance of
science. It is disturbing that they have reached this level of their education without
having addressed such a glaring misconception.
In terms of the overall population, just over three quarters (53% UV, 24% UVDV) of the responses were unsophisticated, or hold views very near unsophisticated.
This is an alarmingly high number of students who do not grasp the process of science,
and how it leads to scientific understandings and refinement of those understandings.
While almost every student in this group responded “yes” to the idea that a scientific
theory can be revised, they did not use language that would lead one to believe they had
an overall understanding of what a scientific theory is and how scientific research
contributes to the evolving understanding of those theories. It is also possible that many
of these students responded in the affirmative because they are using the casual definition
for the term theory versus the scientific use of the term. While many students insinuated
to the use of the common term, the distinction between the two cannot be completely and
confidently determined from this study, and this use/misuse of the term merits further
study.
Because of the high number of students who hold unsophisticated views in the
overall population, it is not surprising that just over three quarters of the students (52%
UV, 26% UV-DV) enrolled in BIO 1106 also hold such views. Students in BIO 1406A
started the semester at a slightly higher proportion of students holding such
underdeveloped ideas on this tenet (65% UV, 15% UV-DV). As all of these students
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took BIO 1405/1105 the semester prior, it is highly probable this was not a topic
addressed in either the lecture or laboratory portion of the course. The students in BIO
1406B started the semester off with a slightly better proportion of students who rated
above unsophisticated (41% UV, 21% UV-DV), but it was still unexpected as the
instructor explicitly discusses the tenets of NOS with students. These students have also
been conducting research for a full semester, so the notion that conducting research leads
to an implicit understanding of this tenet is not true, or at least not true for this
population. The students who are taking courses designated for non-majors had the
highest number of students (56% UV, 31% UV-DV) who hold unsophisticated or near
unsophisticated views of this tenet. As we often expect science majors to be more
informed about science than non-majors, it was interesting that the student who
demonstrated the most informed view and presented sound evidence would be identified
in the non-major population.
The third tenet addressed in this research project was the notion that science is
creative, and a scientist uses his or her creativity throughout the whole process. Often
this is confusing as science is analyzed almost exclusively with quantitative measures and
researchers take extra precaution to reduce bias. However, from asking questions to
tweaking protocols and even data interpretation, scientists must use their creative side
often. This series of questions also attempts to assess student understanding of how both
art and science fit into human culture.
Students had two separate opportunities to address this particular tenet. The first
chance was on the pre-survey when students were asked to remark on the creative
processes of scientific research and the creative capacity of the researcher. When the
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responses were analyzed for the entire student population, just over three quarters of the
students were determined to have developing views. This is a more encouraging result
when compared to Tenets 1 and 2, with only 8% of student responses rated as
unsophisticated. Student responses from the BIO 1106 laboratory population mirror the
overall results closely, as did the population from BIO 1406A and the non-majors
students.
Although there was not much differentiation between the lab populations on this
tenet, responses collected from BIO 1406B were noteworthy. There were no students
rated as unsophisticated, they all had either developed or informed views of this tenet. I
believe this is one instance where their prior research has helped them to gain an implicit
understanding. The additional explicit discussion by the instructor could also have
helped students to evolve their understanding of this tenet.
The results of the second question addressed the cultural importance of art and
science. While most students still mentioned the amount of creativity behind both art and
science, not one student mentioned how important both have been in terms of the cultural
and social development of society. Because of this, no student in any of the populations
was given a rating above a developed view. While this tenet may not seem like it would
have a place in most science courses, it is a very important topic to cover, especially
within the non-major student population. Our society wields great power in terms of
limiting scientific research, or promoting it, based on what we deem valuable at any
given time. This translates into funding for or away from certain research projects. This
is an important component to scientific literacy and being a fully competent citizen. It
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would appear that some explicit discussions would greatly benefit these students
regardless of their intended career path.
The fourth and fifth tenets address students’ understanding that science is a
human pursuit, and as such every individual brings a unique perspective. A person’s
upbringing, education, and training, as well as personal bias, influence the way an
individual will approach a particular research question or set of data. This is often the
root of dispute over scientific findings, and these disputes can often be confusing to the
public who are ignorant of the scientific process.
Overall, the students in all populations understand that humans are all different;
however the majority of students (UV 60%, UV-DV 21%) offered no additional insight
into how these differences are instilled. The remaining 18% of students demonstrated a
better understanding (DV), often discussing the biases or prior training individuals bring
to an analysis. None of the students scored higher than DV as none of them articulated
how human culture (such as education, political views, and religious beliefs) and societal
needs factor into an individual’s viewpoint.
The concepts behind these tenets are important for students, and citizens as a
whole, as it will help them to understand the need to check sources and funding behind
certain individuals or research groups. For example, oil companies pay climate scientists
to produce data and refute the work of others in an effort to deny climate change. This
represents only one instance where an individual or group of individuals has a specific
agenda and bias when it comes to research and data interpretation (Hobson, 2001).
Tenets 6 and 7 were assessed as an indication of student understanding of how
scientific knowledge is ordered. As described earlier in this section, there is a lot of
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confusion between the casual use of the term theory and the scientific term theory. Often
science skeptics take advantage of this confusion by using the common verbiage it’s only
a theory, to cast aspersion on certain scientific truths. There could also be confusion with
the term law as well. As the term relates to legal precedence, most individuals know a
law cannot be broken or there will be a consequence. The confusion in the scientific use
of these two terms may influence the outcome of student responses to this particular
portion of the VNOS-B.
Sadly, 91% of all students surveyed could not accurately articulate the difference
between a scientific law and a scientific theory, and were rated UV. The use of the
casual definitions for both terms was indicated in almost every response and was a
derivation of the idea that a theory is not as well supported with data as a law, and that a
law is irrefutable. This puts a scientific law above a scientific theory in the order of
scientific knowledge when they are in fact equals. This small snapshot of the
undergraduate biology community at the university, and further investigation into student
understanding of these tenets across scientific disciplines merits further study.
Overall it seems undergraduate biology students, both majors and non-majors,
have had limited exposure to the tenets of the nature of science. While it is thought that
engaging in discovery or investigative laboratories will help students understand NOS
tenets implicitly, my research shows explicit discussion may also be necessary to help
students understand the full complexity of NOS. Unfortunately, most students in biology
may never get the opportunity to engage in such a laboratory so other efforts must be
made to help students, both majors and non-majors, come to a working understanding of
NOS. Explicit discussion combined with educational techniques such as case studies
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may help students formulate NOS comprehension. As college professors regularly
engage in authentic scientific research they are specially equipped to confront student
deficits by making NOS a permanent addition to their curriculum.
Discussion of the tenets of NOS should not be limited to the collegiate level.
However, this research has shown most students come into college with many
misconceptions about the epistemology of science not having encountered NOS.
Discussions of NOS tenets need to take place sooner and often in science education.
Unfortunately, most high school teachers do not engage in research regularly, if ever, and
may feel unequipped to help students understand NOS. Therefore, NOS training should
be included in teacher education programs as well as teacher training for those who are
currently in the science classroom.
Limitations of this study include the VNOS-B instrument itself as it was designed
specifically for surveying science educators. The authors of the instrument have since
released an updated version for use with general student populations, and will be used in
subsequent studies. Additionally, there was no clear way in which the user of the
instrument can discern a respondent’s use of casual terminology.
Future research includes surveying students’ understanding of the tenets across
science disciplines. Students in other science departments may come to a better
understanding of NOS due to the inherent nature of a given discipline. Pre- and poststudies of a student population who engage directly with NOS would also indicate how
effective discussions could be in combating student misconceptions. Longitudinal
studies of students majoring in sciences may reveal certain influences on a student’s NOS
epistemology.
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Research Question 3
How satisfied are students following their current laboratory experience?
Briefly, the students in the non-traditional laboratory populations of BIO 1406A
and BIO 1406B reported higher satisfaction following completion of the lab when
compared with traditional students. Two thirds of the students who participated in BIO
1106 for the Spring 2016 semester acknowledge the non-traditional laboratory students
had a better experience and would opt to take a non-traditional laboratory if the choice
could be made over. All but one of the students who participated in a non-traditional
laboratory reported an increase in the like of science, while over half of the traditional
students have a decreased liking for science following participation in BIO 1106. When
asked, all but two students from the BIO 1406A and BIO 1406B populations would
recommend a non-traditional lab to a friend. Taken as a whole, these results indicate a
non-traditional laboratory results in a more satisfying experience for students than a
traditional lab.
The many advantages and benefits of authentic scientific inquiry (ASI), or
discovery laboratories, for students were outlined in Chapter Two. The following
discussion based on the results of qualitative questions from the survey will help confirm
prior ASI findings. However, the validation will come from the perspective of students
who either participated in ASI, or have not had the same opportunity. It will also
corroborate prior research that demonstrates the deficiencies and sources of student
frustration that are associated with traditional laboratories, also discussed in Chapter
Two.
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Students from the BIO 1106 traditional laboratory, as well as the BIO 1406A and
BIO 1406B non-traditional populations, were required to rate their satisfaction following
participation numerically with 1 indicating extreme satisfaction and 6 indicating extreme
dissatisfaction. Students from the BIO 1106 laboratory averaged a satisfaction rating of
2.84, and through qualitative analysis a total of 10 themes emerged. It is noteworthy that
of the 10 emergent themes, seven conveyed a negative tone towards the laboratory.
Although 2.84 is a relatively good rating, the comments from students indicate that this
number might be over inflated.
A large majority of the negative comments are critical of the purpose and overall
function of the lab as it related to their learning of biology content. As stated in Chapter
Two, the traditional role of a laboratory is to take abstract concepts and put them into the
hands of students, thus creating a tangible way of enhancing student comprehension.
However, the comments from students of BIO 1106 show there is little to no connection
between the lecture and lab concepts. They also demonstrate a level of frustration within
students because of the amount of memorization required for the BIO 1106 lab, which
consumes a large portion of their time outside of class, in an effort to earn only one
credit. Additionally, many students seem to think the course is excessively difficult.
Traditionally, general science courses are viewed as weed out courses (Kardash &
Wallace, 2001), or a way of removing students who are not capable of passing biology at
the most basic level preventing them from entering postsecondary institutions, such as
medical or dental schools. However, as stated earlier in Chapter Five, rote memorization
does not indicate or promote conceptual understanding and many students who could
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have successful careers in a STEM field are driven out of the sciences and into other
fields of study.
When asked, two-thirds of all BIO 1106 respondents believe the students who
took a non-traditional route had a more satisfying experience. What appealed to the BIO
1106 students about both BIO 1406A and BIO 1406B was the hands-on and real world
application of concepts during lab. The focus of non-traditional labs on student inquiry
and away from set lab experiments appealed to these students as well. So much so that in
hindsight, the same proportion of students would have preferred to take a non-traditional
laboratory. Characteristics such as hands-on and tailored towards personal interests are
hallmarks of authentic scientific inquiry (ASI), and the BIO 1106 students not only
recognize those features, but desire them in their own education. While this is a small
representation of the larger BIO 1106 population, there are likely many more students
who would benefit and flourish in an ASI laboratory.
While clearly the majority of BIO 1106 students would prefer the non-traditional
lab, there were around 20% of the responding students who felt the traditional laboratory
had greater benefits when compared to the non-traditional ones. The amount of time
required to participate in a non-traditional lab seemed to be the leading reason for their
argument. This is an interesting criticism of the non-traditional laboratory as so many of
the BIO 1106 students state they spend a large portion of time outside of class studying
and memorizing in order to be successful, so in reality both labs take up additional time.
However, the students also seem to feel the experiences they had in the traditional lab,
such as practical exams, will be of continual benefit to them. The remaining 12% of
students recognized a non-traditional laboratory might be right for certain students, but
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not for every student. While this is a fair statement, the findings indicate the majority of
students would prefer to have the opportunity for non-traditional labs.
The students from the BIO 1406A laboratory group rated their level of laboratory
satisfaction higher than the traditional lab students at 1.36. The comments from this
population are of particular interest because they have only had one semester of a nontraditional laboratory, and all respondents participated in the traditional laboratory (BIO
1105) the semester prior to Spring 2016. This increases the likelihood that they are
directly contrasting their current experience within a non-traditional lab with their prior
experiences in a traditional lab.
As qualitative analysis was conducted, nine themes emerged with eight of them
elucidating the positive aspects of participation in the laboratory. This is in stark contrast
to the BIO 1106 analyses, which returned mainly negative and critical themes. While the
teaching style and personality of the instructor can have a large influence over student
satisfaction, instruction was only mentioned in one theme, and is the only negative theme.
It appears the students are evaluating the laboratory based on its characteristics and
perceived benefits without factoring instructor influence into their analysis.
In regards to the characteristics of the laboratory, students commented on many of
the cornerstones that make ASI such an effective educational tool. First, many students
like the hands-on nature of the course, and how it lets them relate the content from lecture
to real world situations. Some students referred to their increased ability to problem
solve and work in teams to accomplish their research goals. While deep connection to
concepts and increased problem solving are not new revelations when researching the
benefits of ASI, it is reassuring that students recognize these benefits as well.

137

The students who responded from BIO 1406A also recognize the laboratory skills
and ability to conduct research will benefit them in future courses and career aspirations.
As discussed earlier in Chapter Five, the BIO 1406A students were mindful of the future
when applying for the non-traditional laboratory, and it is reassuring they not only hold
these same aspirations following the lab, but they feel as though ASI directly benefited
them in attaining their future goals. BIO 1406A students reported participation in the
ASI laboratory was an enjoyable experience. While it takes a significant investment by
students in terms of time, the resulting comments regarding satisfaction indicate the
whole experience was worthwhile, and is corroborated by the fact every respondent from
BIO 1406A would recommend participating in the laboratory to a friend.
The themes that emerged during qualitative analysis of comments from the BIO
1406B were also overwhelmingly positive. They rated their satisfaction with their
experience in the laboratory at a 1.75. As the discussion continues, it is important to note
these students participate in the lab for two consecutive semesters and it is modeled more
as a guided inquiry laboratory as they study a very specific group of organisms and learn
common techniques associated with this type of research. Any comparisons they have
made to traditional laboratories would likely reference experiences in high school. As
discussed earlier in Chapter Five, these students were highly motivated science students
and have career/educational goals attached to their participation in the lab.
Because these students’ career aspirations are such an integral part of their
decision in participating in the BIO 1406B laboratory as well as the longer duration of the
lab, it explains the difference in comments from the 1406A students. While these
students also recognized the uniqueness of the opportunity, many students saw direct
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benefits in helping them to act and think like a scientist, and referenced their attainment
of very specific laboratory research skills. While this type of intensive laboratory was
satisfying to this group of students, it may not appeal to a larger subset of students.
While most students would recommend this laboratory to a friend, two responding
students recognize this lab was time and labor intensive, and only students who are truly
interested in research would thrive and enjoy such an experience. The type of laboratory
may play a large role in making non-traditional laboratories successful on a larger scale,
and merits further research.
Finally, one of the goals of science educated is to attempt to increase student
interest and like of science so that, regardless of career path, they will continue to learn
and engage with science as fully literate citizens. To that end, students participating in all
laboratories were asked to rate their like of science numerically a 1 (indicating they liked
it a great deal) to 6 (indicating they disliked it a great deal). Students were then asked to
comment on how their current laboratory experience had affected this number by
increasing, decreasing, or having no change on this rating.
It is not surprising that students in both of the non-traditional laboratories rated
their like of science very high. The students from BIO 1406A had an overall score of
1.32, and BIO 1406B reported a similar liking of science at 1.33. As reported in Chapter
Four, all of the student respondents reportedly like science more after having participated
in BIO 1406A. Almost every student in BIO 1406B report an increased like in science,
with one student reporting a decreased interest following the course. Overall, these
results are very favorable and encouraging for educators looking to increase the number
of non-traditional laboratories offered.

139

Student in BIO 1106 report a high average liking of science at 1.68, but
unfortunately this number seems to be in spite of the laboratory, not because of it. Just
under half of all students report a decrease liking of science following their laboratory
participation, and another 18% reported it did not affect their overall liking of science.
These numbers are not very encouraging and may have a negative effect on student
persistence in biology. This will require further investigation.
Unsurprisingly, the non-majors population reported the lowest like of science
score at 2.4. However, almost all students reported an increased like of science following
their participation. For those who did not report an increase, they reported no change
versus a drop in their like of science. This is especially encouraging as these students are
not on a STEM track, but will be called upon to be scientifically knowledgeable citizens
in the future.
A limitation for this research question included low numbers of respondents,
especially non-majors. Their populations were of particular interest, especially as to how
their laboratory changed their initial like of science. Furthermore, the addition of
quantitative analysis and a strong mixed methods question would be an excellent
supplement for supporting findings for this research question. There was an additional
question on the survey intended to assess students’ perceived roles as learners within the
laboratory, but the question was poorly worded and the results were not reliable.
Future research includes adding focus group interviews with students from each
lab population to expound on their levels of satisfaction, what contributes to those ratings
and linking those experiences to their overall enjoyment of biology or science in general.
Also, including a question about persistence within a STEM discipline and how their lab
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experience shaped those particular decisions. Direct observations of students during
laboratory periods would also help assess students’ level of engagement and the role of a
student as a learner within a particular lab type. Additionally, longitudinal studies of
non-traditional lab students may reveal how their experience with ASI or guided inquiry
influences their future course and career selections.
This concludes the discussion of the qualitative research questions from this
research. Table 20 summarizes the major findings of the quantitative research questions.
Discussion of findings will continue after Table 20.
Table 20
Summary of Major Findings for Quantitative Research Questions
Research
Question

Summary of Findings

Question 4

While there were some significant increases within laboratories from
pre to post, there were no differences between the laboratories in
terms of their attitudes towards science. BIO 1106 had two negative
declines while BIO 1406A had two positive increases. All three
populations had negative declines in the same factor item, and this
needs to be addressed by faculty. It is difficult to attribute increases
to any particular aspect of the laboratory without direct observation
of all laboratories.

Question 5

Students in the non-traditional laboratories reported significant gains
in self-efficacy from pre to post, while traditional students saw a
significant decline. The students in non-traditional labs also had
significant increases when compared to traditional students. The two
non-traditional labs did not differ from one another.

Research Question 4
What are student perceptions regarding science before and following participation
in a given laboratory setting?
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In summary, the Colorado Learning Attitudes about Science Survey for Biology
(CLASS Bio) instrument was administered pre- and post-laboratory participation in order
to measure changes in students’ attitudes towards and perceptions of biology. The
students who participated in both the pre- and the post-surveys (matched) had no
significant differences in starting values when compared with students who only
participated on the pre-survey only (unmatched), assuring all students started the
semester with similar views. When comparing the pre- and post-scores for each
laboratory, the BIO 1106 population increased significantly in three of the seven factors.
Unfortunately, two of these factors were negatively worded, so the population in fact had
a decrease in terms of these particular items. The nontraditional students of BIO 1406A
gained significantly in one factor, a negative factor, but had large gains (as indicated by
low p-values and moderate effect sizes) in two others, and these were both positive
factors. The BIO 1406B population reported significant gains in only one factor of
seven, but it was the same decrease as found in the other population. Finally, there were
no significant differences when any of the labs were compared with one another, but the
BIO 1406A students increased in almost every factor over the BIO 1106 students. The
BIO 1406B students had some gains and some losses compared to BIO 1106, and there
were the same mixed results when BIO 1406A and BIO 1406B were compared to one
another. The results from the instrument will be discussed in greater length in the
following section.
As discussed in Chapter Two, students’ attitudes towards science learning and its
usefulness throughout their lives relates to their engagement with the content (Mager,
1968). A survey of middle school students who participated in inquiry science showed
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an increased interest in science and science careers versus classmates who did not
participate (H. L. Gibson & Chase, 2002). The current study is similar to what was done
in this research project. It is important to study students in middle school as students
reportedly decline in their interest and like of sciences into middle and high school
(Osborne et al., 2003; Yager & Penick, 1986), but with the emphasis in keeping students
on a STEM track, no level of education should be ignored. However, there is a paucity of
information regarding college students’ experiences with science and how it affects their
view of science long term, and no information about biology laboratories specifically.
The CLASS Bio instrument was designed to measure college students’ attitudes
prior to and after participating in a biology laboratory. The seven items extracted during
the creation of the instrument measure a range of attitudes including enjoyment, various
problem solving tactics, and conceptual connections. This facet of the research seeks to
identify gains and/or losses across the biology majors as they participate in three different
types of laboratories.
The students from BIO 1106 had significant gains in three factors measured by
the CLASS Bio. Two of the three factor items were worded negatively, so a significant
gain actually indicated a decline in attitudes in this particular area. Interestingly, the
students report a decreased ability to synthesize and apply what they have learned and
this particular factor was consistent across all three populations. The other two areas of
significant gains have several overlapping questions, so it is not surprising their gains
would be significant in both factors. That said BIO 1106 reportedly increased the amount
of effort they expended in solving a problem. Without having observed the laboratory
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directly, it is difficult to attribute these losses and gains to any particular trait or traits
associated with the functioning of the lab.
The students in BIO 1406A conducted authentic scientific investigations (ASI)
over the course of the semester, and had significant gains in one factor related to how
they approach answering a difficult problem. As with 1106, this was actually a
negatively worded factor item, so it represents a loss. Although this was the only factor
that returned a significant p-value, there were two others with low p-values and moderate
effect sizes, so it is difficult to discount them as important changes in student attitudes.
How students view the importance of reasoning through daily problems as well as in
experiments and how much effort they will expend in finding the answers were also
increased from beginning to end. There were increases in all other factor items, but in
smaller increments. The increases across all factors is confirmatory as ASI by its nature
relies heavily on a student’s ability to problem solve.
The students in BIO 1406B, the guided inquiry laboratory, only had one
significant increase in one factor over the course of the semester. They increased in their
approach of a problem and how they can use their experience to help reason through a
different situation, and as seen with the other populations, it actually represents a loss.
Although the day-to-day working of the lab was not investigated, their lack of increase
and/or losses may stem from fatigue in working for so long on the same research project
as well as the frustrations that manifest during the process. Again, they were initially
measured halfway through their whole experience, so their reported values at the
beginning may have been inflated and any real gains over their year of work would not be
well reflected in the analysis.
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When comparing the non-traditional laboratory populations against the traditional
population, there were no significant differences. There were also no significant
differences between the students in BIO 1406A when compared to BIO 1406B. The lack
of difference may be due to the short duration of time between the pre- and post-survey
as attitudes and perceptions are difficult characteristics to change. A longitudinal study
may help in future research.
The largest limitation was the small number of participants. Unfortunately, there
are so few students participating in non-traditional laboratories that this issue is not easily
overcome. Also, because the BIO 1406B students had already been working for a full
semester, it is difficult to know how accurate their results may be in that they might have
an inflated start value. Although students were asked to answer all of the questions on
the survey with the laboratory in mind, it is impossible to exclude outside influences on
their answers completely. Finally, perceptions and attitudes may not be characteristics of
people that can measurably change over a semester of work.
Future research includes longitudinal studies to see if differences in attitudes
change over the course of a student’s career in science. Also, observing the laboratories
directly would aid in attributing changes in attitudes due to a particular aspect of the
laboratory. Increasing the number of non-major participants so they are included in the
analysis should be a priority in future research on student attitudes.
Research Question 5
What are students’ measures of self-efficacy in biology before and following
participation in a given laboratory setting?
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In review, the students who participated in both the pre- and the post-survey
portions of the project started with a higher self-efficacy as it related to their perceived
ability to be successful in future courses, although this may not be a good indicator as the
calculated effect size was weak. Over the course of the Spring 2016 semester, the BIO
1106 students had a significant decrease in their self-efficacy in regard to their ability to
be successful in future biology courses. Students from BIO 1406A significantly
increased in self-efficacy both as it relates to their ability to succeed in future courses as
well as their application of biology methods. The students from BIO 1406B had
increases in self-efficacy from pre to post, though none were significant. When
comparing the reported self-efficacy of traditional lab students against non-traditional lab
students, the population from BIO 1406A reported significantly higher confidence in
their perceived ability to apply biological methods as well as their ability to succeed in
future biology courses. The average change for students from BIO 1406B when
compared to BIO 1106 showed significant gains in their self-efficacy as it related to their
perceived ability to pass future courses as well. There were no significant differences
between the non-traditional laboratory populations when compared directly. Discussion
of these finding will follow this overview of findings.
As discussed previously in Chapter Two, self-efficacy is an essential component
to a student’s enjoyment and persistence of a subject. The ability to increase a student’s
self-efficacy should be a consideration when designing courses for students. In order to
do that, self-efficacy needs to be a regular part of student assessments, and was the main
reason for choosing the Biology Self-Efficacy Scale (BSES) as a research tool for this
particular study. In order to gain a clearer understanding of factors in biology that affect
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self-efficacy, Ekici, Fettahlıoğlu, and Çıbık (2012) suggest the use of both a quantitative
instrument and qualitative research, as in the current research project.
In regards to the significantly higher start value in self-efficacy of matched
students, much of this can be explained by the high motivation of the students, especially
the non-traditional students. Almost half of the reporting students (22 out of 48 total
students) were from non-traditional laboratories. As discussed in Research Question 1,
these students showed higher motivations in regards to their participation in science and
this has likely contributed to the higher start values in this analysis. There were far fewer
non-traditional students comprising the unmatched population. However, the
significantly higher value is exclusive to only one of the three factors: generalization to
other biology courses. There is no significant difference between the methods or the
application of biological concepts. While this does not directly affect the remainder of
the analysis and discussion, it is important when the results are extrapolated to the whole
general biology population. Also of note, the effect calculation indicated this difference
was weak, and while I cannot discard the significance difference, according to the effect
size it will not affect the remainder of the analysis and discussion of results.
Overall, the findings from the change in self-efficacy over one semester
participation in BIO 1106 were discouraging. There was no change in the students’
confidence to apply biological methods, and a very slight increase in their perceived
ability to apply learned concepts. Both application of content and methods are meant to
be central to a laboratory, however it seems BIO 1106 has not been effective in helping
students acquire either. As discussed in Chapter Two, traditional, or cookbook labs have
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been found to be limited in their ability to help students connect with materials in a
meaningful way, so the findings are not surprising (Berry et al., 2001).
More important than little or no gains is the significant decrease of the BIO 1106
students in their confidence to be successful in their next biology course. Students are
less likely to persist or continue to engage in an area when they do not feel confident in
their ability to succeed at the task. This is very disturbing as these students are at the
high-risk cutoff described by Seymour and Hewitt (1997), and many may opt to leave the
biology department and seek out other areas of study. For those who leave the sciences,
it is a concern as to their ability and interest in engaging with science throughout their
lives. As described towards the end of Chapter Two, high self-efficacy is a key in
helping someone become scientifically literate. Further qualitative analysis including
student interviews are needed to identify more specific reasons for this significant
decline.
In contrast to the discouraging self-efficacy reports from BIO 1106, the results
from students in BIO 1406A are a confirmation and reassurance that ASI laboratories
help students in more ways than traditional laboratories. Not only did BIO 1406A
students improve in self-efficacy across the three factor items but they also had selfreported gains in confidence when compared to the BIO 1106 population. The largest
gain from pre to post was in their biology methodologies, which measures students’
confidence in their ability to conduct and report a scientific experiment. As this is the
central focus of the BIO 1406A laboratory, the results are reflective of its ability to help
students with these tasks. Additionally, students are significantly more confident that
they are equipped to succeed in upcoming biology courses. This is the desired outcome
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of any course, and it is apparent from these results that BIO 1406A is effectively helping
its participants in this way.
While the BIO 1406A student populations did improve in all factors related to the
BSES, their overall gain from beginning to end in the perceived ability to apply their
knowledge was quite low. This is surprising, as the nature of the ASI laboratory requires
students to read and disseminate scientific knowledge throughout the semester.
However, reading, extracting, and synthesizing scientific information was likely new to
them at the beginning of the laboratory and it may take more than one semester and
research experience to make gains in this area.
Comparing the overall results from the students of BIO 1406A with BIO 1106,
the pattern of significant differences are the same as described previously for BIO 1406A.
The students comprising the non-traditional laboratory populations improved
significantly in both generalization and methods over traditional students. However,
there was no difference in their confidence levels regarding their ability to apply
biological concepts. Again, it appears the BIO 1406A laboratory design is more effective
in helping students to make gains in areas that are not only an important goal of science
education, but also in helping students in their comprehension of science as a process, at
least as it applies in the methods of biology. Taken together, these are the tools essential
in helping someone become scientifically literate (Duschl, 2000).
The students in the BIO 1406B also made improvements in all of the factor items
on the BSES, but none of them measured as significant. This lack of significance can be
explained in a couple of different ways. First, there were fewer participants, so the
statistical tests were not powerful enough to identify these differences. Secondly, and
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likely the cause, these students had been conducting research for a full semester prior to
being assessed. Were they given the BSES at the beginning of Fall 2015, and again at the
end of Spring 2016, the likelihood that they would have produced significant gains is
probable. As it is, they were the only population to have gains in all three factors,
indicating the experience of the BIO 1406B laboratory helps students to achieve all
characteristics necessary to become scientifically literate.
Although there were no significant differences within the students themselves, the
BIO 1406B population did achieve higher reports in self-efficacy in all three factors
when compared with the traditional laboratory population, and significantly in their
confidence moving forward into further biology courses. This analysis may not tell the
whole story of individual student growth, as these students had been working and
researching for a full semester prior to participating in the study. Had the students been
assessed at the beginning of their research experience, possibly they would have reported
a much larger change in self-efficacy.
When comparing the two non-traditional laboratory populations against one
another, there were no significant differences in any one factor. The BIO 1406A students
were marginally higher in generalization and methodology, but the BIO 1406B
population reported higher confidence in application. Either the extra semester of
research or the design of BIO 1406B seems to have helped the students in the area of
application. Although the results of the BSES indicate both laboratories help students
improve in self-efficacy, when you combine the discussion from Research Question 3 it
seems BIO 1406A would appeal to a larger subset of students over BIO 1406B. The
intensity and focus of the BIO 1406B laboratory may only be appropriate for students
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who are serious about continued research in biology through either graduate school or in
a career. However, BIO 1406A is less focused on a specific type of research and is a
great opportunity for all students, not only the high achieving ones, to engage in ASI.
A limitation of this research question was the low numbers of participants who
had matched responses on the survey. However, even full participation for every student
enrolled in a non-traditional lab would still yield low numbers as there are so few
sections offered and the finite amount of space and equipment. Additionally, not having
assessed the students in the BIO 1406B population prior to their start of the laboratory
hindered the analysis of their whole gains in self-efficacy.
Future research with the BSES includes capturing the BIO 1406B population
earlier. Also, re assessing students longitudinally along with qualitative analyses would
help elucidate the connection between self-efficacy and persistence within biology. Due
to very low numbers in non-majors, no quantitative analysis was conducted on the nonmajors population. This needs to be addressed and stressed in future research as they are
less likely to ever engage in a science course again in college, and this is the only
opportunity to collect data on them and adopt new methods of making science more
palatable for future non-majors.
This concludes the discussion of the quantitative research questions in this
research project. The following research question is summative in nature and begins to
weave the findings together. Chapter Five will finish with a conclusion, a discussion of
future research, and recommendations for course reform.
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Research Question 6
Why is it important to understand the design of collegiate biology laboratory
courses as they relate to K-12 schooling?
Although more students than ever are enrolling in some form of higher education,
a large majority of these students are ill equipped to succeed in college courses (Greene
& Forster, 2003). By assessing and understanding the structure of collegiate courses,
educators can begin to equip teachers and create curriculum for K-12 students designed
with success in college courses in mind. However, if collegiate courses are going to
influence K-12 learning positively, then they must first be successful at engaging students
and helping them to make conceptual connections.
As discussed in Chapter Two, there are numerous reform documents calling for
changes in K-12 science education, and many of those, such as the Next Generation
Science Standards (ebrary, 2013), emphasize limiting the amount of content delivered
during a course and creating either guided or discovery laboratories for students. These
same types of reforms have been proposed at the collegiate level, but are slower to affect
changes as there is no system of repercussions that are now synonymous with public
schools. However, a recent convocation was held to discuss reforming undergraduate
education in science, namely introducing more discovery type laboratories over
traditional ones (Elgin et al., 2016). Additionally, in 2013 the American Association for
the Advancement of Sciences (AAAS) produced a reform document, specifically written
to address undergraduate biology; it also advocates for direct research experiences as a
standard component for all biology curriculum, regardless of major. Obviously, there is
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recognition that undergraduate education needs to be reformed, and much of it involved
overhauling the traditional laboratory.
The purpose of the current study was to measure changes and identify patterns in
students’ perceptions, self-efficacy, and satisfaction in their laboratory pre- and postparticipation. The focus was to analyze the effectiveness of three different types of
general biology laboratories: traditional, guided inquiry, and authentic scientific
discovery (ASI). The student participants were assessed both qualitatively and
quantitatively in order to create a full picture of their changes in perceptions and selfefficacy throughout the semester. Their current understanding of the nature of science
(NOS) was assessed in order to establish a baseline and subsequent goals in order to
produce equipped and literate citizens in science. Findings of this research may help
guide future course offerings and content decisions.
When the results of the qualitative analyses are combined with those of the
quantitative instruments, a very clear picture develops: ASI and guided inquiry are
superior to traditional laboratories in every way measured. The students who participated
in either of the non-traditional laboratories gained in self-efficacy, new methods, and lab
techniques as well as a sense of accomplishment in completing something personal and
meaningful. Whether or not these measured benefits of non-traditional laboratories guide
students and help them persist in biology is the subject of further research.
Based on the findings of this research, which corroborates other studies of ASI
and guided inquiry (see discussion of laboratory types in Chapter Two), the aims of BIO
1105/1106 need to be re-evaluated. As it is, the lab is not functioning to support student
conceptual learning as the topics covered in lab are only tenuously related to the lecture
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materials. It either needs to be redesigned into ASI or guided inquiry laboratories or the
traditional laboratories need to be reevaluated and realigned to make sure they are
helping support concepts covered in the lecture portion of the course.
The other take away is the need for intensive conversations and exercises
including the tenets of the nature of science (NOS). The participating students have
major gaps in their knowledge regarding NOS and it is obvious these misconceptions of
science have never been addressed as a part of their formal education. Inclusion of NOS
should become standard in every science course so students are repeatedly exposed
throughout their undergraduate, and in some cases, graduate career.
Although much of this discussion has focused on reforms at the collegiate level
based on the findings in this research, there are benefits in K-12 education as well. Most
preservice teachers, either majoring in education or taking prerequisites for an education
minor, with an emphasis in science would be exposed to ASI research in their required
science courses if discovery laboratories became the standard practice. As this research
has shown, ASI can improve self-efficacy and this experience will enable science
educators to guide future students through similar processes confidently. For education
students who acquire their science credits outside of the sciences, a required, semesterlong ASI course would fulfill the same niche. ASI-based professional development
opportunities are also needed to help practicing science educators gain the skills and
confidence needed to help their own students in the lab. ASI combined with explicit
conversations about the tenets of NOS would advance the knowledge of teachers and
students helping them all to achieve new levels of science literacy.
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Conclusions and Directions of Future Research
While the need for laboratory support of a course is not in question, how those
labs function and help students is the focus of this research. In the case of general
biology laboratories at this particular university, it appears the department needs to
implement more of the ASI/guided inquiry laboratories for all students, including nonmajors. Barring that, the traditional laboratories should either be reimagined and tied
closely to lecture content or eliminated altogether. It is clear from the finding in the
current study that the traditional labs are likely doing more harm to student persistence
than good.
Large gaps remain in our current understanding of how laboratories play a role in
student persistence of STEM, and how administrators and faculty may address those
issues. Longitudinal studies on student course and career choice following participation
in ASI or guided inquiry are necessary. Additionally, student surveys and interviews will
help to identify some of the best and worst features in some courses and relate those to
student persistence. Finally, pre- and post-measures of students’ understanding of NOS
throughout their career as students and graduate students would help illuminate ways in
which students come to understand NOS, and subsequently how the faculty may foster
deeper understandings of the tenets.
If the design of the Biology 1305/1306, and corresponding BIO 1105/1106
laboratories, course was left to me, I would implement the following changes: First,
reduce the number of students in each lecture section so there can be more room for
group discussions as well as personal contact with the instructor. Secondly, I would
follow the less is more philosophy by extending this course to a third semester so that it
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lessens the amount of information needed to be covered in each semester, but increases
the overall coverage of content. The textbooks for this course are a significant
investment for students, and this would allow them to utilize it for a longer period of
time. As there is no requirement as to which order the courses are taken, this will also
help reduce the number of students per section. This will give faculty a chance to move
away from the inch-deep curriculum and truly foster conceptual learning. Thirdly, the
students should be enrolled in one of two laboratory types, the first of which would be
modeled after Dr. H’s ASI laboratories. Some of the students could participate in ASI all
three semesters, or can move onto a more intensive research track as they desire, such as
Dr. A’s laboratory model. These intensive research labs will be designed for students
who have career goal with research in mind, such as the students in Dr. A’s guided
inquiry laboratory, but will be supervised by various research faculty and graduate
students. Other students may start on this second research tract and stay with this design
throughout the duration of the course. Lastly, all students could then move forward into
upper division courses more confident in themselves as scientists, researchers, and
students of biology.
These recommendations not only reflect the findings of this research, but are in
accordance with other findings in science education, science education reform
documents, and the latest findings on how people learn. By allowing students to conduct
research, they will not only learn the process of science, but will also make deep
conceptual connections to the content material. This is the best route to helping students
become literate in the theories of sciences as well as the process of science, thus allowing
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them to fulfill their role in becoming active and informed citizens capable of making
important decisions regarding science.
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APPENDIX A
VNOS-B
Table A.1
VNOS-B Questions and Rubric

Question

View
Unsophisticated

Developing

Informed

1. After scientists have developed
a theory (e.g., atomic theory,
kinetic molecular theory, cell
theory), does the theory ever
change? If you believe that
scientific theories do not change,
explain why and defend your
answer with examples. If you
believe that theories do change:
(a) Explain why. (b) Explain why
we bother to teach and learn
scientific theories. You may use
examples to defend your answers.

Many UV responses
indicated that new
facts or technologies
are needed to change
an existing theory,
however the
respondents lacked
the understanding
that theories are
based on inference
or that more often
theories are only
modified, not refuted
by new evidence.

The student not only
discusses the
introduction of new
facts but also
recognizes that
modification is the
more likely result as
disproving an
existing theory is
difficult due to the
accumulation of
supporting data.

This student
acknowledges the
need to continue
studying an accepted
theory as they are
subject to revision,
but also that a theory
is a highly reliable
framework for
understanding new
ideas and testing
them
experimentally.

2. Is there a difference between a
scientific theory and a scientific
law? Give an example to
illustrate your answer.

Student states that
there is no difference
between them. Or
that they are
different, and a
theory is fallible or
inferior in
importance than a
law. They do not
differentiate between
observation and
inference.

Understands that a
theory and a law are
equally supported
by data and provides
appropriate
examples. Does not
articulate the role of
observation and
inference in the
formation of
theories/laws.

Knows that there is
a difference between
a theory and a law,
and can articulate
the difference.
Provides examples
and explanations
that support their
answer.

3. How are science and art
similar? How are the different?

The idea that science
is not creative
because it is based
on evidence, facts or
numbers was
prevalent through
these twelve
responses.

Recognizes that
creativity is a part of
both the scientific
and the artistic
process

Articulates that both
art and science are
embedded socially
and culturally.

(table continues)
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Question

View
Unsophisticated

Developing

Informed

4. Scientists perform
experiments/investigations when
trying to solve problems. Other
than in the stage of planning and
design, do scientists use their
creativity and imagination in the
process of performing these
experiments/investigations?
Please explain your answer and
provide appropriate examples.

Does not recognize
creativity outside of
planning and design
stages.

Acknowledges the
role creativity plays
in science, but only
mentions creativity
in one other area
besides
planning/design.

Understands that
creativity is needed
throughout the
entire process
including design,
interpretations,
problem solving,
etc.

5. In the recent past, astronomers
differed greatly in their
predictions of the ultimate fate of
the universe. Some astronomers
believed that the universe is
expanding while others believed
that it is shrinking, still others
believed that the universe is in a
static state without any expansion
or shrinkage. How were these
different conclusions possible if
the astronomers were all looking
at the same experiments and data?

Acknowledged that
different people
have different views.
Does not explain
why differences
exist.

Understands that
people are a product
of their experiences
and training, and
these factors
influence
interpretation of
data.

Culture and society
have additional
influence over an
individual’s
perspective and may
influence their
interpretation of
data.
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APPENDIX B
CLASS Bio
Table B.1
CLASS Bio Questions Listed by Factor Item
Factor Item
Real World
Connections

Questions
2. When I am not pressed for time, I will continue to work on a biology problem until I
understand why something works the way it does.
12. If I get stuck on answering a biology question on my first try, I usually try to figure
out a different way that works.
14. Learning biology changes my ideas about how the natural world works.
16. Reasoning skills used to understand biology can be helpful to my everyday life.
17. It is a valuable use of my time to study the fundamental experiments behind
biological ideas.
19. I enjoy figuring out answers to biology questions.
25. I think about the biology I experience in everyday life.

Enjoyment
(Personal
Interest)

1. If I get stuck on a biology question, there is no chance I’ll figure it out on my own.
2. When I am not pressed for time, I will continue to work on a biology problem until
I understand why something works the way it does.
9. There are times I think about or solve a biology question in more than one way to help
my understanding.
12. If I get stuck on answering a biology question on my first try, I usually try to figure
out a different way that works.
18. When studying biology, I relate the important information to what I already know
rather than just memorizing it the way it is presented.
27. To understand biology, I sometimes think about my personal experiences and
relate them to the topic being analyzed.

(table continues)
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Factor Item
Problem
Solving:
Reasoning

Questions
8. I do not expect the rules of biological principles to help my understanding of the ideas.
14. Learning biology changes my ideas about how the natural world works.
16. Reasoning skills used to understand biology can be helpful to my everyday life.
17. It is a valuable use of my time to study the fundamental experiments behind
biological ideas.
24. If I want to apply a method or idea used for understanding one biological problem
to another problem, the problems must involve very similar situations.

Problem
Solving:
Synthesis
and
Application

3. I want to study biology because I want to make a contribution to society.
5. If I had plenty of time, I would take a biology class outside of my major requirements
just for fun.
6. Learning biology that is not directly relevant to or applicable to human health is not
worth my time.
10. I enjoy explaining biological ideas that I learn about to my friends.
11. My curiosity about the living world led me to study biology
21. I do not spend more than a few minutes stuck on a biology question before giving
up or seeking help from someone else.
30. The subject of biology has little relation to what I experience in the real world.

Problem
Solving:
Effort

8. I do not expect the rules of biological principles to help my understanding of the ideas.
12. If I get stuck on answering a biology question on my first try, I usually try to
figure out a different way that works.
20. After I study a topic in biology and feel that I understand it, I have difficulty
applying that information to answer questions on the same topic.
22. When I am answering a biology question, I find it difficult to put what I know into
my own words.
30. The subject of biology has little relation to what I experience in the real world.

(table continues)
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Factor Item
Conceptual
Connection/
Memorize

Questions
6. Learning biology that is not directly relevant to or applicable to human health is
not worth my time.
8. I do not expect the rules of biological principles to help my understanding of the ideas.
11. My curiosity about the living world led me to study biology
15. To learn biology, I only need to memorize facts and definitions.
19. I enjoy figuring out answers to biology questions.
23. There is usually only one correct approach to solving a biology problem.
31. Biological principles are just to be memorized.
32. For me, biology is primarily about learning known facts as opposed to investigating
the unknown.

Unclassified
questions

4. Knowledge in biology consists of many disconnected topics.
13. It is important for the government to approve new scientific ideas before they can
be widely accepted.
26. Mathematical skills are important for understanding biology.
28. We use this statement to discard the survey of people who are not reading the
questions.
Please select agree (not strongly agree) for this question to preserve your answers.
29. The general public misunderstands many biological ideas.
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Table B.2
CLASS Bio Descriptive Statistics for Pre Data
Percentiles

Q

M

SD

Var.

Sk.

Std.
Error Sk.

Kurt.

Std. Error
Kurt.

25

50

75

1
2
3
4
5
6
7
8
9
10
11
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
30
31
32

2.9808
2.8846
2.2115
2.0000
2.3269
1.8654
3.0192
2.9808
3.2885
2.5000
2.5192
2.2308
3.2115
1.8846
3.2308
2.8077
2.6731
1.8462
2.6346
2.1346
2.8654
1.9423
2.7692
2.1154
2.5577
2.8846
3.1538
2.2308
2.0000
2.1731

0.77940
0.83205
0.69555
0.79212
0.80977
0.52520
0.50450
0.57702
0.82454
0.77964
0.61006
0.73071
0.63667
0.80814
0.64521
0.59536
0.87942
0.66817
0.59504
0.65765
0.62713
0.63904
0.61406
0.83205
0.77746
0.75806
0.57342
0.58126
0.79212
0.80977

0.607
6.692
0.484
0.627
0.656
0.276
0.255
0.333
0.680
0.608
0.372
0.534
0.408
0.653
0.416
0.354
0.773
0.446
0.354
0.433
0.393
0.408
0.377
0.692
0.604
0.575
0.329
0.338
0.627
0.656

-0.741
-0.627
0.779
0.739
0.476
-0.169
0.040
-0.639
-1.028
0.645
0.194
0.549
-0.68
1.14
-0.709
-1.662
-0.195
0.595
-0.839
1.145
-0.395
0.986
0.172
0.627
-0.33
-0.364
0.008
1.187
0.985
0.36

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

0.737
0.175
1.093
0.625
-0.068
0.534
1.225
2.485
0.534
-0.304
-0.312
0.486
1.733
1.624
1.612
3.607
-0.581
1.03
0.499
2.474
0.841
3.097
-0.469
0.175
-0.203
0.025
-0.013
2.186
1.297
-0.186

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

3
2.25
2
1.25
2
2
3
3
3
2
2
2
3
1
3
3
2
1
2
2
3
2
2
2
2
2
3
2
2
2

3
3
2
2
2
2
3
3
3
2
2.50
2
3
2
3
3
3
2
3
2
3
2
3
2
3
3
3
2
2
2

3
3
2.75
2
3
2
3
3
4
3
3
3
4
2
4
3
3
2
3
2
3
2
3
2.75
3
3
3.75
2
2
2

Note. N Valid = 52, N Missing = 0; Var. = Variance; Sk = Skewness; Kurt. = Kurtosis
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Table B.3
CLASS Bio Descriptive Statistics for Post Data
Percentiles

Q

M

SD

Var.

Sk.

Std.
Error Sk.

Kurt.

Std. Error
Kurt.

25

50

75

1
2
3
4
5
6
7
8
9
10
11
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
29
30
31
32

3.0769
3.0192
2.25
1.9038
2.1346
1.8077
3.1731
3.2308
3.2308
2.2115
2.5000
2.3654
3.1923
1.9423
3.2692
2.8654
2.75
1.8269
2.8846
1.9423
3.0769
2.0385
2.8462
1.9808
2.3462
2.9038
3.1731
2.3462
1.9808
2.1923

0.90415
0.67127
0.73764
0.77357
0.65765
0.48662
0.5134
0.54648
0.75707
0.66676
0.67155
0.95031
0.48662
0.72527
0.56414
0.65765
0.81349
0.78519
0.61529
0.46075
0.5547
0.71295
0.72449
0.61006
0.76401
0.77357
0.61743
0.5196
0.80417
0.71506

0.817
0.451
0.544
0.598
0.433
0.237
0.264
0.299
0.573
0.445
0.451
0.903
0.237
0.526
0.318
0.433
0.662
0.617
0.379
0.212
0.308
0.508
0.525
0.372
0.584
0.598
0.381
0.27
0.647
0.511

-0.818
-0.426
0.781
0.963
0.714
-0.471
0.264
0.102
-0.981
0.559
0.202
0.19
0.471
0.73
-0.696
-1.145
-0.412
1.078
0.067
-0.233
-0.674
0.957
-0.722
0.009
-0.415
-0.359
-0.638
0.224
0.741
0.367

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

0.038
0.665
0.765
1.355
1.44
0.434
0.411
-0.16
1.232
0.826
-0.121
-0.818
0.434
1.089
3.623
2.474
-0.099
1.517
-0.292
1.966
3.613
1.865
0.969
-0.165
-0.698
-0.095
2.06
-1.001
0.527
0.281

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

3
3
2
1
2
2
3
3
3
2
2
2
3
1.25
3
3
2
1
2.25
2
3
2
3
2
2
2
3
2
1
2

3
3
2
2
2
2
3
3
3
2
2
2
3
2
3
3
3
2
3
2
3
2
3
2
2
3
3
2
2
2

4
3
3
2
2
2
3
4
4
3
3
3
3
2
4
3
3
2
3
2
3
2
3
2
3
3
4
3
2
3

Note. N Valid = 52, N Missing = 0; Var. = Variance; Sk = Skewness; Kurt. = Kurtosis
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Table B.4
CLASS Bio Rotated Factor Analysis
Factor 1

Factor 2

Factor 3

Pre Problem Solving: Effort

0.868

Pre Problem Solving: Reasoning

0.849

Post Conceptual Connections/Memorization

-0.82

Post Problem Solving: Effort

0.769

Pre Problem Solving: Strategies

0.756

0.373

Post Enjoyment

0.754

-0.484

Pre Conceptual Connections/Memorization

-0.73

Pre Enjoyment

0.715

Post Problem Solving: Strategies

0.714

Post Problem Solving: Reasoning

0.699

Post Problem Solving: Synthesis and
Application

-0.693

Pre Problem Solving: Synthesis and
Application

-0.642

Pre Real World Connection

0.515

Post Real World Connection

0.413

0.49

Eigenvalues

7.55

1.55

1.1

% of variance

53.9

11.03

7.91

Cronbach’s alpha

0.188
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0.344

0.391

0.322
0.627

0.321

APPENDIX C
BSES
Table C.1
BSES Questions Grouped by Corresponding Factor Item
Factor Item
Methods of
Biology

Questions
2. How confident are you that you could critique a laboratory report written by
another student?
3. How confident are you that you could write an introduction to a lab report?
5. How confident are you that you could read the procedures for an experiment
and feel sure about conducting the experiment on your own?
6. How confident are you that you could write the methods section of a lab report
(i.e., describe the experimental procedures)?
9. How confident are you that you could write up the results to a lab report?
12. How confident are you that you could write the conclusion to a lab report?
18. How confident are you that you could tutor another student on how to write
a lab report?
19. How confident are you that you could critique an experiment described in a
biology textbook (i.e., list the strengths and weaknesses)?

Generalization
to Other
Courses

8. How confident are you that you were successful in this biology course?
11. How confident are you that you will be successful in another biology course?
14. How confident are you that you would be successful in an ecology course?
15. How confident are you that you could analyze a set of data (i.e., look at the
relationships between variables)?
17. How confident are you that you would be successful in a human physiology
course?
20. How confident are you that you could tutor another student for this biology
course?
21. How confident are you that you could ask a meaningful question that could
be answered experimentally?
22. How confident are you that you could explain something that you learned in
this biology course to another person?
23. How confident are you that you could use a scientific approach to solve a
problem at home?

(table continues)
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Factor Item
Application of
Concepts

Questions
1. How confident are you that after reading an article about a biology experiment,
you could write a summary of its main points?
4. How confident are you that after reading an article about a biology experiment,
you could explain its main ideas to another person?
7. How confident are you that after watching a television documentary dealing with
some aspect of biology, you could write a summary of its main points?
10. How confident are you that after watching a television documentary dealing with
some aspect of biology, you could explain its main ideas to another person?
13. How confident are you that after listening to a public lecture regarding some
biology topic, you could write a summary of its main points?
16. How confident are you that after listening to a public lecture regarding some
biology topic, you could explain its main ideas to another person?
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Table C.2
BSES Descriptive Statistics for Pre Data
Percentiles

Q

M

SD

Var.

Sk.

Std.
Error Sk.

Kurt.

Std. Error
Kurt.

25

50

75

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

2.7885
2.4615
2.8269
3.0769
2.9423
2.8846
3.2692
3.1346
3.0769
3.3654
3.2885
3.1346
3
2.8462
2.9423
3.0577
3.3846
2.3269
2.3846
2.7692
2.7115
3.3654
3.0577

0.84799
0.93853
1.04264
0.73688
0.80229
0.96312
0.71717
0.84084
0.90415
0.68682
0.72319
0.88625
0.8165
0.93692
0.89472
0.84976
0.77089
1.06128
0.9108
1.02164
0.8708
0.86385
0.77746

0.719
0.881
1.087
0.543
0.644
0.928
0.514
0.707
0.817
0.472
0.523
0.785
0.667
0.878
0.801
0.722
0.594
1.126
0.83
1.044
0.758
0.746
0.604

-0.376
-0.032
-0.719
-0.429
-0.131
-0.583
-0.453
-0.881
-0.652
-0.624
-0.827
-0.8
-0.674
-0.276
-0.396
-0.711
-1.065
0.014
0.114
-0.43
0.053
-1.368
-0.622

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

-0.304
-0.835
-0.584
-0.072
-0.8647
-0.508
-0.921
0.473
-0.419
-0.679
0.606
-0.063
0.289
-0.873
-0.673
0.081
0.486
-1.299
-0.723
-0.75
-0.833
1.283
0.298

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

2
2
2.25
3
2
2
3
3
2.25
3
3
3
3
2
2
3
3
1
2
2
2
3
3

3
2.5
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4
2.5
2
3
3
4
3

3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3
4
4
4
4

Note. N Valid = 52, N Missing = 0; Var. = Variance; Sk = Skewness; Kurt. = Kurtosis
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Table C.3
BSES Descriptive Statistics for Post Data
Percentiles

Q

M

SD

Var.

Sk.

Std.
Error Sk.

Kurt.

Std. Error
Kurt.

25

50

75

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

3.0192
2.7692
2.9615
3.1923
2.9615
3.1346
3.3654
2.9423
3.0962
3.3654
3.3846
3.0769
3.0192
2.8269
3.1346
3.0192
3.25
2.6538
2.6731
2.6731
2.8846
3.1923
3.2115

0.82819
0.94174
1.08396
0.71506
0.79117
0.90811
0.7677
0.93753
0.93431
0.7677
0.71822
0.96703
0.85154
0.98461
0.68682
0.85154
0.76376
1.04571
0.90144
0.92294
1.0031
0.90832
0.89303

0.686
0.887
1.175
0.511
0.626
0.825
0.589
0.879
0.873
0.589
0.516
0.935
0.725
0.969
0.472
0.725
0.583
1.094
0.813
0.852
1.006
0.825
0.798

-0.683
-0.538
-0.69
-0.302
-0.425
-0.765
-0.743
-0.476
-0.797
-0.743
-1.063
-0.7
-0.434
-.535
-0.179
-0.434
-0.738/
-0.106
-0.293
-0.222
-0.488
-1.052
-0.782

0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33
0.33

0.209
-0.463
-0.807
-0.965
-0.138
-0.281
-0.893
-0.682
-0.21
-0.893
1.061
0.565
-0.587
-0.633
-0.816
-0.587
0.041
-1.175
-0.578
-0.712
-0.815
0.455
-0.443

0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65
0.65

3
2
2
3
2.25
3
3
2
3
3
3
2
2
2
3
2
3
2
2
2
2
3
3

3
3
3
3
3
3
4
3
3
4
3.5
3
3
3
3
3
3
3
3
3
3
3
3

4
3
4
4
3.75
4
4
4
4
4
4
4
4
4
4
4
4
4
3
3
4
4
4

Note. N Valid = 52, N Missing = 0; Var. = Variance; Sk = Skewness; Kurt. = Kurtosis
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