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ABSTRACT

Miller. Marie Christine Desaulniers, M.S., Department of Biological Sciences, College of
Science and Mathematics, North Dakota State University, April 2010. Investigation of the
Nature of Science Views of Undergraduate Natural Science and Nonscience Majors in
Biology Courses. Major Professor: Dr. Lisa M. Montplaisir.

Science educators have the common goal of helping students develop scientific
literacy, including understanding of the nature of science (NOS). University faculties are
challenged with the need to develop informed NOS views in several major student
subpopulations, including science majors and nonscience majors. Research into NOS
views of undergraduates, particularly science majors, has been limited. In this study, NOS
views of undergraduates in introductory environmental science and upper-level animal
behavior courses were measured using Likert items and open-ended prompts. Analysis
revealed similarities in students’ views between the two courses; both populations held a
mix of naive, transitional, and moderately informed views. Comparison ot pre- and
postcourse mean scores revealed significant changes in NOS views only in select aspects
of NOS. Student scores on sections addressing six aspects of NOS were significantly
different in most cases, showing notably uninformed views of the distinctions between
scientific theories and laws. Evidence-based insight into student NOS views can aid in
reforming undergraduate science courses and will add to faculty and researcher

understanding of the impressions of science held by undergraduates, helping educators

improve scientific literacy in future scientists and diverse college graduates.
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GENERAL INTRODUCTION

Teachers everywhere ask: What are my students learning? What skills and
knowledge will they retain and use in the future, be that in class tomorrow or many years
from now? In my work as an environmental educator, I grappled with questions like these
regularly, moving back and forth between trying to improve daily management and
pedagogy—How can I better keep the students’ attention and help them build

understanding of this concept?—to pondering the greater effects of the educational

experiences—In what way might these experiences complement what students are learning
about nature, science, and environmental issues at school and at home? When and how do
learning experiences shape the way students view and understand the world around them?
Through this work and other experiences, it became clear to me that individuals’
views of scientists and the enterprise of scientific research are varied and affect the
understanding and views they form of the outdoor environment and environmental issues,
along with many other topics. Developing an informed understanding of the field of
science and the processes of scientific inquiry, or the nature of science (NOS), is important
as individuals and communities are regularly faced with environmental concerns as well as
issues of personal and public health, safety, recreation, career choices, and a daily barrage
of advertisements making scientific or statistical claims. Navigating these many and, at
times, complex issues to reach community and personal decisions can be benefited, of

course, by content-specific scientific knowledge, but also by an accurate understanding of

what science is and the skill to separate science from pseudoscience and recognize the



unique roles of science, personal beliefs, cultural practices, politics, community interests,
advertising, and other factors in shaping views and decisions.

In seeking to further understand individuals™ views of NOS and how these views
are formed and modified, I became interested in the NOS views of undergraduate students.
Many undergraduates, particularly those who are not majoring in science disciplines,
receive their last formal scientific training in science courses taken to fulfill university
general education requirements. Science majors are working through coursework and
additional educational experiences that will likely become the foundation for their careers
or further academic study.

Research into NOS views and the factors that form and alter them is a major field
of study within science education research. NOS research began over 50 years ago with
early attempts to develop standardized assessments of NOS views (Wilson, 1954; Mead
and Mertraux, 1957). Since that time, researchers have worked to improve standardized
NOS view assessments and adapt them to diverse ages and groups, to identify factors—
such as teachers’ NOS views, classroom use of scientific language, or laboratory
experiences—that may affect student views of NOS, and—as student and teacher views
have frequently been shown to contrast with generally accepted NOS views desired for
scientific literacy—to develop and test pedagogical, lesson, and curriculum changes to help
students develop more informed NOS views (review in Lederman, 1992). Research on
undergraduates has focused primarily on pre-service elementary and secondary teachers,
recognizing that the NOS views of these students may play a significant role in the NOS

views of the next generation of the students they will teach after graduation. Study of the



NOS views of undergraduates, both science and nonscience majors, pursuing ficlds outside
of education has been limited (Abd-El-Khalick, 2006). Recent studies beginning to
explore the views of these large student groups include those conducted by Abd-El-
Khalick (2006), Bezzi (1999), Dagher and Boulaoude (1997), Ibrahim ez al. (2009), Liu
and Tsai (2008), and Parker ef a/. (2008). Overall, these few studies have shown
undergraduates to have a mixture of naive and informed NOS views when compared to
generally accepted views of NOS reflected in science curricula standards and science
education research literature. There has been some evidence for subtle differences in NOS
views between nonscience and science majors as well as between science majors in
different science disciplines.

In ord‘er to increase our understanding of the NOS views of undergraduate science
and nonscience majors at this potentially important stage affecting their NOS views and
relationship with science in their adult lives and careers, I undertook this study of the NOS
views of a sample of students in two undergraduate biology courses: environmental
science, designed to serve nonscience majors, and animal behavior, an upper-level biology
course for natural science majors. In this study, I sought to gain an understanding of the
NOS views of these students using a recently developed NOS views assessment
instrument, the Student Understanding of Science and Scientific Inquiry (SUSSI)
questionnaire (Liang et al., 2008; initially accessed in C. Liang, K. Chen, E. Macklin,
unpublished data) designed to combine the efficiency of the many previous forced-choice
assessments with the in-depth study of NOS views available through open-ended

assessments. Students were assessed using the SUSSI before and after each course to



evaluate whether student NOS views changed during these courses, both of which include

NOS elements as part of standard course objectives.

The study was shaped by the following research questions:

1. What are the NOS views of nonscience majors and natural science majors enrolled in
undergraduate biology courses, and how do the views of these two groups compare?
2. In what ways, if any, do student NOS views change through these courses?

This study was published in the Spring 2010 issue of CBE—Life Sciences
Education. The published article follows as Chapter 2. This article is the fruition of my
work as a graduate student. I designed the study, wrote the Institutional Review Board
(IRB) approvéd document, collected all of the data, collaborated with Dr. Cheng on the
statistical analyses, established data coding reliability with Dr. Montplaisir, and wrote the
manuscript and thesis. Drs. Offerdah! and Ketterling were initially involved with data
coding to confirm validity of the interpretations established by me and Dr. Montplaisir.
Drs. Montplaisir and Offerdahl provided reviews of drafts of the manuscript through the

publication process.
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ABSTRACT

Science educators have the common goal of helping students develop scientific
literacy, including understanding of the nature of science (NOS). University faculties are
challenged with the need to develop informed NOS views in several major student
subpopulations, including science majors and nonscience majors. Research into NOS
views of undergraduates, particularly science majors, has been limited. In this study, NOS
views of undergraduates in introductory environmental science and upper-level animal
behavior courses were measured using Likert items and open-ended prompts. Analysis
revealed similarities in students’ views between the two courses; both populations held a
mix of naive, transitional, and moderately informed views. Comparison of pre- and
postcourse mean scores revealed significant changes in NOS views only in select aspects
of NOS. Student scores on sections addressing six aspects of NOS were significantly
different in most cases, showing notably uninformed views of the distinctions between
scientific theories and laws. Evidence-based insight into student NOS views can aid in
reforming undergraduate science courses and will add to faculty and researcher
understanding of the impressions of science held by undergraduates, helping educators

improve scientific literacy in future scientists and diverse college graduates.



INTRODUCTION

Scientific Literacy and Views of the Nature of Science

Science educators have the common goal of helping students develop scientific
literacy, which includes developing their foundational knowledge, critical-thinking skills,
ability to apply what has been learned, and understanding of the nature of science (NOS)
(American Association for the Advancement of Science [AAAS], 1991, 1993; Lederman,
1992; National Science Teachers Association, 2000, 2003). Not only can students’ views
of NOS influence their performance and learning in science courses, but they can also
impact their interpretation of experiences and information throughout life—the degree of
scientific literacy students develop in K—12 and postsecondary education affects personal,
workplace, aﬁd community decisions (Driver ef al., 1996; McComas ef al., 1998).
Although there is no single, agreed-upon definition of NOS, there is a general consensus
about the elements of NOS that should be included in science curricula (McComas and
Olson, 1998). Reflective of this consensus, the elements of NOS that are the focus of this
study are those that depict science and scientific knowledge as empirically based; subject
to change; theory-laden; creative; subjective; and, as a human endeavor, influenced by
society and culture (Abd-El-Khalick and Lederman, 2000; Lederman ef al., 2002).

Most of the research on NOS views has focused on primary and secondary teachers
and their students (Abd-El-Khalick, 2006; Ibrahim er al.. 2009). It has been demonstrated
that student and teacher views of NOS are frequently incongruent with more broadly
accepted views of NOS (for review, see Lederman, 1992; Ryan and Aikenhead, 1992).

National reform documents recommend the use of inquiry-based professional development



(for teachers) and science instruction (for students) to improve NOS views (AAAS, 1993;
National Research Council, 1997). Although early research provides evidence that
curriculum and teaching practices influence NOS views (Haukoos and Penick, 1983;
Lederman and Druger, 1985; Lederman, 1986, Zeidler and Lederman, 1989). more recent
work suggests that instructional approaches explicitly addressing NOS as an instructional
outcome are more effective at promoting development of NOS conceptions (Khishfe and
Abd-El-Khalick, 2002). Furthermore, explicitly reflective experiences were identified by
Schwartz et al. (2004) as critical for the development of NOS views in preservice science
teachers. Despite continued K—12 investigations of the most effective methods for
evaluating and improving NOS views, including developing curricula, enhancing pre- and
In-service teaéher training, and refining NOS instruments, there has been little work
focused on student and teacher views of NOS at the undergraduate level (Abd-El-Khalick,

2006; Parker et al., 2008; Ibrahim et al., 2009).

NOS Views in Undergraduate Education

University faculties are challenged with the need to build scientific literacy and
develop views of NOS in several major student subpopulations, including nonscience
majors and science majors. Research into the education of these undergraduate students
has been growing. Abd-El-Khalick (2006) examined the views of NOS of undergraduate
and graduate students enrolled in a history of science course. These students came from a

variety of majors, both science and nonscience. This study revealed that college students



have similar NOS views to high school students: the majority of participants held naive or
inaccurate ideas about NOS.

In a more focused investigation of science versus nonscience majors, results from
Liu and Tsai (2008) indicate that undergraduates’ epistemological views of science do not
differ significantly. In general, the level of sophistication of the two populations’ views
was equivalent. However, nonscience majors’ views were more sophisticated than science
majors’ views with regard to the theory-laden and culturally dependent aspects of science.
One hypothesis to explain this difference is the manner in which scientific processes and
knowledge are presented in science classrooms. Often knowledge in these settings is
depicted as universal and objective, thereby reinforcing a less-sophisticated view of NOS.
Science majofs may be exposed to such epistemic views for longer than students majoring
in the humanities due to the nature of their course work.

A handful of studies have examined science majors’ NOS views in particular.
Parker ef al. (2008) explored the views of atmospheric science students and found evidence
suggesting that students view 1) science as empirically based (with emphasis on proving,
finding facts, or arriving at right or wrong answers), 2) experiments as serving the role of
testing or confirming scientific ideas, 3) a hierarchical relationship between laws and
theories, and 4) creativity as an important aspect of science. Other studies of
undergraduates within specific disciplines have revealed subtle differences in
undergraduates’ views of NOS that vary between disciplines (Dagher and BouJaoude,

1997; Bezzi, 1999). For example, Dagher and BouJaoude (1997) revealed that



undergraduate biology majors’ definitions of a scientific theorv were associated with their
dismissal of the theories used in field disciplines (i.e., biology and geology) as unscientific.
Other researchers have argued that current representations of NOS as articulated in
documents informing science curricula (i.e., AAAS Benchmarks and National Science
Education Standards) do not accurately reflect an authentic view of science from the
perspective of those actually engaging in the enterprise. Most of these representations have
resulted from the efforts of philosophers of science, science educators, science
communicators, and science historians to characterize NOS. Few of these efforts have
sought to include the views of practicing scientists. Recent work by Wong and Hodson
(2009) revealed inconsistencies between the views held by scientists and those articulated
in the science studies literature. Most notably, they cite evidence that scientists, similar to
high school and college students, also articulate a hierarchical relationship between laws
and theories and in some contexts describe science as universal. Given that scientists’
views impact the context into which undergraduate science majors are acculturated, it may
not be surprising, after all, that science majors often hold naive views of NOS. Some have
gone further to argue that because these “naive” views have little impact on the day-to-day
practices of scientists, perhaps the characterization of NOS views as naive and
sophisticated deserves a reexamination altogether (Elby and Hammer, 2001; Wong and

Hodson, 2009).



Research Questions

Eftective reform efforts to develop students’ views of NOS and improve scientific
literacy require a more complete picture of students” baseline NOS views; the factors that
influence modification, replacement, or change of NOS ideas; and the effects of current
and proposed teaching practices and other educational experiences on those NOS learning
goals. As a first step toward this goal, the purpose of this study was to gain a clearer
understanding of the NOS views of a sample of undergraduate students enrolled in two
biology courses: environmental science (ES) designed to serve nonscience majors, and
animal behavior (AB), an upper-level biology course for natural science majors.

The study was shaped by the following research questions:

1. What are the NOS views of nonscience majors and natural science majors enrolled in
undergraduate biology courses, and how do the views of these two groups compare?

2. In what ways, if any, do student NOS views change through these courses?



METHODS

Context and Study Participants

This study was conducted at a research 1 land-grant university with a student
population of approximately 13,000. The sample consisted of volunteers from two
undergraduate courses offered by the Department of Biological Sciences: ES and AB.
Instructors of both courses routinely include NOS instruction as part of their explicit
course goals, and no specific intervention or alteration of this instruction was made as a
part of this study.

Environmental Science is an introductory nonmajors course of 300 students with
approximately half of the students concurrently enrolled in the laboratory course. Students
explore key cohcepts in ecology and environmental science; learn to apply critical thinking
to environmental issues; investigate the complexity, current status, and potential solutions
to environmental problems; and contemplate the relationship between humans and their
environment. NOS and connections to how people view and interpret environmental issues
and data are presented early in the course. Differences between theories and laws are
discussed along with the implication of how new information or ideas can change what is
accepted by the science community.

AB is an upper-level course cross-listed between psychology and zoology (~100
students). The course is designed to evaluate the evolutionary implications and foundations
of animal behavior. The approach is integrative and students are expected to understand
animal behavior from the proximate mechanisms to the ultimate causes. The NOS is

explicitly discussed early in the course, emphasizing the processes of science. what
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constitutes evidence, and how data are collected. Several in-class lab exercises are used to
reinforce the process of data collection and analysis. For example, students conduct an
experiment to evaluate optimal foraging theory, in which they test several assumptions of
the theory, collect data using a naive classmate as a forager, and analyze the data. The
NOS is an underlying theme throughout the course with explicit exercises used to reinforce

the scientific process and illustrate the development of scientific theory.

Data Collection

Undergraduate students in an ES course were given the Student Understanding of
Science and Scientific Inquiry (SUSSI) questionnaire (Liang ef al., 2008; initially accessed
in C. Liang, K. Chen, E. Macklin, unpublished data) during the first and last week of fall
semester 2007. Students in AB were given the SUSSI questionnaire in the first and last
weeks of spring semester 2008.

The SUSSI questionnaire (Liang et a/., 2008) is an instrument designed with both
Likert-scale and open-ended components, to provide opportunities for in-depth study of
NOS views (as emphasized in the Views of the Nature of Science [VNOS]; Lederman et
al., 2002) while retaining the efficiency of previous forced-choice instruments (many used
over the past 55 years, such as the Science Attitudes Questionnaire [Wilson, 1954], the
Test on Understanding Science [Klopfer and Cooley, 1961], the Science Process Inventory
[Welch and Pella. 1967]. the Nature of Science Test [Billeh and Hassan, 1975], the Nature
of Scientific Knowledge Scale [Rubba and Andersen, 1978]. the Conceptions of Scientific

Theories Test [Cotham and Smith, 1981), and the Views on Science-Technology-Society
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instrument [Aikenhead et al., 1989]). The SUSSI questionnaire is composed of sections to
measure six aspects of NOS views: a) Observations & Inferences, b) Change of Scientific
Theories, ¢) Scientific Laws versus Theories, d) Social & Cultural Influences on Science.
e) Imagination & Creativity in Scientific Investigations, and f) Methodology of Scientific
Investigation. Each section includes three to four Likert-scale items and a short-answer
prompt asking students to explain their view of a particular aspect of science or scientific
research using examples.

The SUSSI questionnaire was developed for use with undergraduates and was
revised and tested for reliability and validity by Liang er al. (2008). Reported Cronbach’s
alpha values for the six sections of the instrument ranged from a low of 0.44 to a high of
0.89. Development of the SUSSI questionnaire also incorporated analysis of student
interpretation of Likert-scale items and the degree of consistency between Likert-scale and

open-ended responses.

Data Analysis

Student responses to Likert-scale items were coded with numerical values, with a
score of 5 representing the most informed view of NOS and a score of 1 the least informed
view. Mean scores for each component and the overall SUSSI instrument were calculated.
For each class, pre- and posttest Likert scores were analyzed using multivariate analysis of
variance (MANOVA) to test the null hypothesis. This was followed by use of Sidak
multiple comparison method for pairwise comparisons to investigate mean differences

between pre- and posttest scores for all pairs of six SUSSI aspects, using SAS version 9.1
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(SAS Institute, Cary, NC) as suggested by Westfall et al. (1999). Partial eta’ values were
calculated for all MANOVAs as described by Steyn and Ellis (2009). Students who did not
complete both a pre- and postcourse SUSSI questionnaire were dropped from this aspect of
analysis (181 complete SUSSI sets from 265 participants in ES [68.3%]; 50 complete
SUSSI sets from 86 participants in AB [58.1%]).

Student responses to the open-ended portion of the SUSSI questionnaire were
collected except on the ES posttest, due to in-class time limitations. Student open-ended
responses were scored using the SUSSI rubric provided by Liang (personal
communication) and described in Table 1, categorizing responses as informed (score of 3),
transitional (2), naive (1), or not classifiable (0), as developed by Liang et al. (2009). The
first and second authors scored the open-ended responses independently, beginning with a
set of SUSSI questionnaires randomly selected from ES and AB pretests. They first
independently coded ~300 of the submitted responses and had an interrater reliability of
71.6%. To seek a higher level of reliability, they then met to compare their coding
decisions. Careful examination and discussion of instances of discrepant codings resulted
in further refinement and finalization of the interpretation of the coding rubric, leading to
an interrater reliability of 82.2% on the next 360 coded items. The remaining SUSSIs were
scored prim‘arily by the first author, who sought affirmation from the second author on any

responses that were difficult to interpret or classify (<15% of the responses).



Table 1. Rubric for scoring SUSSI open responses developed from Liang et al. (2009)

Question

Not classifiable

Naive view (1)

Transitional view (2)

Informed view (3)

. With examples,

explain why you
think scientists’
observations and

There is no
response; they
state that they do
not know; the

Scientists®
observations
AND/OR
interpretations are

Scientists” observations

OR interpretations
may be different

because of their prior

Scientists”
observations AND
interpretations may
be different because

interpretations response does not the same because knowledge, personal of their prior
are the same OR address the scientists are perspective, or knowledge or
different. prompt; OR the objective. beliefs. perspectives in
response cannot OR OR current scicnee.
be classified The response includes  The observations
based on the misconceptions AND/OR
rubric concerning the interpretations may
descriptions. nature of science or be different. but
self-contradicting failed to provide
statements. reasons for
justification.
2. With examples. There is no Scientific theories do Scientific theories may  Scientific theorics

explain why you
think scientific
theories do not
change OR how
{(in what way)
scientific theories
change.

response; they
state that they do
not know; the
response does not
address the
prompt; OR the
responsc cannot
be classified
based on the
rubric
descriptions.

not change over time
if they are based on
accurate
experiments or facts.
OR

The response includes
misconceptions
concerning the
nature of science or
self-contradicting
statements.

be changed when
experimental
techniques improve,
or new cvidence is
produced.

may also be
changed when
existing evidence is
reinterpreted.

. With examples.

explain the
nature of and
difference
between theories
and scientific
laws.

There is no
response: they
state that they do
not know; the
response does not
address the
prompt: OR the
response cannot
be classified
based on the
rubric
descriptions.

Scientific laws are
more certain than
theories. or theories
become laws when
they are proven.

OR

The response includes
misconceptions
concerning the
nature of science or
self-contradicting
statements.

Scientists FIND

theories or laws in
nature.
OR

The student provides

valid example(s) of
scientific laws and
theories without
further elaboration.

Scientific theories are
well substantiated
explanations of’
natural phenomena
or scientific laws.

AND

Both scientific laws
and theories are
subject to ehange,

{Continued)




Table 1. Continued

4. With examples,
explain how
society and
culture affect OR
do not affect
scientific
research.

There is no
response; they
state that they do
not know: the
response does not
address the
prompt; OR the
response cannot
be classified
based on the
rubric
descriptions.

Science is a search for

universal truth and
fact which is not
affected by culture
and society.

OR

The response includes

misconceptions
concerning the
nature of science or
self-contradicting
statements.

Scientists are informed

by their culture and
society. Culture
determines what OR
how science is
conducted, or
accepted.

OR

The student simply

states that science is
influenced by
cultural and socicty
without further
elaboration.

Scientists are
informed by their
culture and society.
Culture determines
what AND how
science is
conducted. or
accepted.

5. With examples.
explain why
scientists do not
use imagination
and creativity OR
how and when
they use
imagination and
creativity.,

There is no
response; they
state that they do
not know; the
response does not
address the
prompt; OR the
response cannot
be classified
based on the
rubric
descriptions.

Scientists do not use

imagination or
creativity becausc
imagination and/or
creativity are in
conflict with
objectivity.

OR

The response includes

misconceptions
concerning the
nature of science or
self-contradicting
statements.

Scientists use their

imagination or
creativity in SOME
phases of their work,
notably in designing
experiments or
problem solving.

Scientists use their
imagination or
creativity
throughout their
scientific
investigations.

6. With examples,
explain whether
scientists follow
a single,
universal
scientific method
OR use different
types of methods.

There is no
response: they
state that they do
not know; the
response does not
address the
prompt: OR the
response cannot
be classified
based on the
rubric
descriptions.

There is a single,

universal, or step-
by-step scientific
method that should
be used.

OR

The response includes

misconceptions
concerning the
nature of science or
self-contradicting
statements.

Scientists may use

different methods.
but their results must
be confirmed by the
scientific method or
experiments.

OR

Student states that

scientists usc
difterent methods
without providing
any justification or
examples.

There is no single.
universal step-by-
step scientific
method that all
scientists follow,
Scientists use a
variety of valid
methods (e.g..
observation,
mathematical
deduction.
speculation, library
investigation and
experimentation).

These data were analyzed through calculations of the frequency of each score (0, 1,

2, or 3) within each of the six aspects by class pre- or posttest. These frequency measures
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were reported as the percentage of students in each group to have received each score. A
comparison of pre- and posttest mean open-ended scores was also made using the mean
score test statistic (Q), approximately a chi-square test statistic, of the Cochran—Mantel—
Haenszel method, as suggested by Stokes er al. (2000). This is a repeated measures
analysis for categorical data used to test the null hypothesis that there is no association of
pre- and posttest mean open-ended scores for each of the six SUSSI components. A test
statistic (Q) with a p value below 5% would provide evidence for a significant difference
between mean student scores on the pre- and posttests.

To analyze change in NOS views of AB students, it was necessary to examine and
account for correlation in student responses on all six aspects. Therefore, a univariate
repeated measures analysis was used. In considering within-subject variability in the
analysis, it was not reasonable to assume equal variances across multiple items on each
component of pre- and posttests, so heterogeneous linear mixed models were incorporated,
as described by Westfall ef al. (1999). In evaluating correlations with this mixed model
approach, student open-ended scores were analyzed as a covariate to Likert scores. Post
hoc multiple comparisons {Tukey—Kramer method) of the six components were conducted
to test the null hypothesis that there is no difference between student scores on each section
of the SUSSI questionnaire. These comparisons were used to determine whether there were
significant correlations between students’ views of the six different aspects of NOS

measured by the SUSSI questionnaire.



RESULTS

Analysis of SUSSI Data

An illustration of ES and AB students’ NOS views is found in Figure 1. Mean
Likert scores from the ES SUSSI tests show that students had more informed views of
Scientific Theories (b) and Observations & Inferences (a); less informed views of Social &
Cultural Influences (d), Imagination & Creativity (e), and Methodology of Science (f); and
uninformed views of Laws versus Theories (c). Mean scores on the Laws & Theories (c)
component were notably lower than mean scores on the other five components. Overall
pattern of mean scores on the six aspects was similar between the two courses; however,
mean scores of AB students on both the pre- and posttests were lower than corresponding
ES pre- and pésttest mean scores on Laws versus Theories (c) and Methodology of Science
(f) and higher on Social & Cultural Influences (d).

MANOVA analysis of the Likert-scale SUSSI scores of ES and AB students
indicated that at least one of six SUSSI aspects’ pre- and posttest mean score pairs is
statistically different at the 5% level of significance (Figure 1). ES Wilks’ lambda value =
0.837, F(6, 174) = 5.65, p < 0.001 and partial eta® = 0.271 and AB Wilks’ Lambda value =
0.725, F(6, 44) = 2.78, p = 0.022 and partial eta’ = 0.436. Further analysis of the
differences between pre- and posttest mean scores in ES of each of the six aspects using
the Sidak multiple comparison method showed a significant increase in scores for
Scientific Theories (b) (» = 0.011) and Imagination & Creativity (e) (» = 0.008), and a
significant decrease in scores for Laws versus Theories (¢) (» = 0.011). Analysis of the AB

students’ scores using the Sidak multiple comparison method indicated a significant
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Table 2. Standardized Cronbach’s alpha values for overall SUSSI and six components in
ES and AB courses
Cronbach’s alpha values

Environmental science Animal behavior
SUSSI component section Pretest Posttest Pretest Posttest

Overall SUSSI 0.751 0.760 0.612 0.831
(a) Observations & Inferences 0.560 0.580 0.454 0.692
(b) Change of Scientific Theories 0.652 0.611 0.536 0.736
(c) Scientific Laws vs. Theories 0.451 0371 0.307 0.419
(d) Social & Cultural Influences on Science 0.635 0.578 0.743 0.816
(e) Imagination & Creativity in Scientific Investigations 0.868 0.857 0.778 0.840
(f) Methodology of Scientific Investigation 0.343 0.231 0.266 0.567

Student scores on the open-ended portion of the pretest show trends similar to the
mean Likert results (Figure 2). The highest percentage of ES student responses earned a
score of 1 on Laws versus Theories (c) followed by Methodology of Science (f), two of the
three components on which students earned the lowest mean Likert scores. No student
earned a score of 3 on Laws versus Theories (c), whereas approximately 75% of students
earned a score of 2 or 3 on Observations & Inferences (a) and Social & Cultural Influences
(d). AB student scores reflect general trends evident in the ES course results. On both pre-
and posttests the highest percentage of students earned naive scores on Laws versus
Theories (c) followed by Methodology of Science (f), with the highest percentage of
informed scores earned on the Observations & Inferences (a) pretest and the Social &
Cultural Influences (d) posttest. Changes in written response scores from pretest to posttest
by component were mixed, with a higher frequency of transitional or informed scores on
some posttest SUSSI components but not others. Cochran—Mantel-Haenszel testing of pre-

and posttest mean open-ended scores showed a significant decrease in mean score after the
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Further analysis using the square of open-ended scores indicated that the correlation is
nonlinear (p < 0.001). Accounting for this correlation, there was no evidence of difference
between overall (combined Likert-scale and open-ended) scores on pre- and posttests in
AB.

When mean combined Likert and open-ended scores on the six SUSSI components
were compared with each other (ato b, ato c, a to d, and so on) using the Tukey-Kramer
adjustment, a significant difference was found for all comparisons of combined, pre-, and

posttest scores for each course (p < 0.050) except for those indicated in Table 3.

Table 3. SUSSI component comparisons found not to show a difference®

Comparison Adjusted p value
Environmental Science
Combined
Pretest d-f 0.469
Post-test d-f 0.144
Animal Behavior
Combined a—d 0.352
e—f 0.851
Pretest a-—d 0.115
e—-f 0.162
Post-test a—b 0.124
a—d 1.000
b-d 0.096
e~1 0.956

* All other comparisons were significantly different at the p < 0.050

level, many at p < 0.001.

SUSSI Written Responses

Written responses to open-ended prompts (Table 1) provided additional evidence of

student views of NOS. Student responses to the prompt for Laws versus Theories (c)
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showed that many of them held the naive view that with enough evidence theories will
become laws and that scientists are able to “prove” scientific explanations or natural
phenomena. These responses were interpreted as evidence that students are able to identify
valid examples of scientific theories and laws and understand some aspects of the scientific
process (e.g., “tested and retested”), but may maintain naive views of the differences
between laws and theories as well as naive or transitional ideas about the balance of
empiricism and tentativeness in building scientific knowledge.

Although student responses were more frequently coded as transitional and
informed for the Scientific Theories (b) prompt than the Laws versus Theories (¢) prompt,
these responses also revealed common naive views of scientific theories. For example,
student responses showed a blurring of the distinctions between scientific hypotheses and
theories, possibly conflating the vernacular use of the word “theory” with their
understanding of hypotheses. Some student responses, particularly to the Methodology of
Science (f) prompt, seemed to show misinterpretation of the prompt that led to a high
frequency of nonclassifiable scores on this component and difficulty in determining
student views on the aspect of NOS this section was designed to address. On some
components, the written responses illustrated a more diverse array of student views than on
others. This was evident in Imagination & Creativity (), where student views ranged from
describing the use of imagination and creativity in science as fraudulent and unethical to
essential to progress and applicable throughout the scientific process, with a wide range of

transitional 1deas.
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Results from the open-ended data analysis align with emergent themes from the
analysis of Likert-scale items, namely that 1) written responses to the prompt for laws
versus theories revealed naive views and 2) views elucidated about scientific theories were
more sophisticated than laws versus theories. However, an analysis of written responses
indicates that students interpret some of the prompts in the instrument inconsistently and
frequently draw on examples from the media and course work when articulating their NOS

views, Finally, written responses demonstrated the nature of growth in individual students’

NOS views,



DISCUSSION AND IMPLICATIONS

Results from this study provide evidence that undergraduate students in ES and AB
have similar views of NOS, ranging on average from naive to somewhat informed. Based
on mean SUSSI scores, changes in NOS views were only significant in select aspects of
NOS, and these were split between changes toward more and less informed NOS views.
Very few studies have examined NOS views of students within specific disciplines. The
results discussed here are significant in that they corroborate findings from studies of
science majors in other disciplines (Bezzi, 1999, Parker ef al., 2008). This study looked
specifically at biology majors and supports an emerging trend that although there may be
nuances among the disciplines, there are larger trends in NOS views among science majors
in general.

This work is significant in that it invites further thought about how NOS views can
be measured in larger populations. In particular, it provides insight into the complexity and
challenges involved in measuring and interpreting student NOS views. Although the Likert
portion of the SUSSI provides an advantage over other exclusively open-ended instruments
such as the VNOS, difficulties in analysis of the short-answer items suggest further
modification of the SUSSI scoring rubric to include a finer scale of characterization. This
might reveal subtle but relevant differences in NOS views between students as well as

changes in the views of individual students over time.



Research Question 1: NOS Views of Nonscience and Science Majors

SUSSI components show that all participants simultaneously hold informed and
naive views of some aspects of NOS. In particular, open-ended and Likert data indicate
relatively informed student views of Scientific Theories (b), yet relatively uninformed
views of the distinction between scientific theories and laws, consistent with results from
previous studies (e.g., Parker ef al., 2008). This apparent contradiction highlights the
complexity of NOS, and may indicate that students have only a surface-level
understanding of the NOS concepts addressed in class or experience ongoing difficulty
with scientific terminology.

A comparison of mean Likert scores between natural science majors and
nonscience majors reveals striking similarity on several SUSSI components, specifically
Observations & Inferences (a), Scientific Theories (b), and Imagination & Creativity (e).
This similarity raises questions about what factors might influence the NOS views of
students with varied science backgrounds and experiences. Observations & Inferences (a)
and Scientific Theories (b) are the two sections on which students in both classes earned
the highest mean Likert scores. It is possible that both science majors and nonscience
majors tend to have informed views of observations and inferences (reflecting that a
scientist’s observations and interpretations are different from those of another scientist)
because of their general experiences working with others in a variety of situations.
Undergraduate students may have a more informed view of this part of NOS compared
with younger students because of experience and developmental level. It is also possible

that certain types of naive views remain hidden in student responses to the Scientific
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Theories (b) Likert questions. Mean scores from both groups reflect transitional views
reflecting the belief that scientists use imagination and creativity for some aspects of
research (developing hypotheses and designing experiments) but should not use them for
other aspects of research (data collection, analysis, and interpretation). Perhaps some
upper-level science majors such as those in AB still have such limited experience with
authentic research and inquiry processes that they maintain similar views to students in an
introductory course such as ES.

One noticeable difference between the two populations was on SUSSI components
¢ and f, which address the distinction between scientific theories and laws and the diverse
methods of scientific research. Here, the AB mean pre- and posttest Likert scores were
lower than the ES scores. This is surprising given that one might expect more informed
NOS views in natural science majors, particularly by the time they are in upper-level
courses, due to both increased experience and assumed interest in science. These findings
are consistent with previous work by Liu and Tsai (2008), who propose two interpretations
of this discrepancy. Natural science students’ NOS views might be explained by their
learning experiences. Participation in science courses that often portray scientific
knowledge and processes as universal and objective might have a negative impact on NOS
views. Alternatively, it is possible that a student’s initial beliefs about certainty and
objectivity might cause the student to select a major in science. Course work for science
majors might reflect a stronger focus on other aspects of scientific literacy, such as
foundational knowledge and the ability to apply this knowledge, compared with other NOS

objectives.



Written response scores on the SUSSI questionnaire seem to corroborate the Likert
item findings. Overall, ES and AB students have similar score frequencies, although in
some cases AB students were better able to provide appropriate examples in support of
their responses. On average, students scored higher in the written responses than the Likert
items in component (d) regarding the Social & Cultural Influences on science, whereas the
students’ open-ended scores were lower on Scientific Theories (b) and Methodology of
Science (f) relative to frequencies of scores on other components in comparison to mean
Likert score distribution across the six components. Given the correlation between
students’ responses to the Likert-scale and open-response items, it is possible that with
larger populations one could use just the Likert items to elucidate a broad picture of

students” NOS views.

Research Question 2: Changes in NOS Views of Undergraduates

As measured by Likert-scale items on the SUSSI questionnaire, overall student
views of NOS did not improve consistently over the course of the ES class, however, there
was improvement in mean scores for Scientific Theories (b) and Imagination & Creativity
(e). Along with the generally low scores in the Laws versus Theories (c) section discussed
above, it may concern educators that mean Likert scores for this section showed a
significant decrease from pre- to posttest. It is not clear what contributed to this shift
toward less informed views, and educators could benefit from further study of this type of

change.
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Analysis also revealed a significant decrease in informed views of Observations &
Inferences (a) and Methodology of Science (f) for AB students. A consistent pattern of
improvement in NOS views throughout the AB course was not apparent in the frequency
of response scores, at least in terms of students’ ability to explain their views in open-
ended form on the SUSSI questionnaire. Although the mean scores for Observations &
Inferences (a) were not low relative to scores on other sections, the significant decrease in
mean open-ended scores for AB students on this section was surprising. Students were
involved in activities requiring them to make observations, develop hypotheses, test them,
and interpret their results. However, it seems that experiences such as these did not lead to
more informed views in some students. Furthermore, it seemed that some students were
limiting their thinking to certain fields of experimental science and focused only on clearly
quantitative measurements.

The low scores on Methodology of Science (f), apparent in the high percentage of
naive scores by AB students, are also noteworthy. Many students focused on experimental
protocols rather than on the types of investigational approaches used in wide-ranging
scientific disciplines. These results indicate that faculty attempting to expand student views
of the diversity in scientific methodology may face long-held student ideas about the
“scientific method.” Some AB students addressed their confusion directly by including
references to texts and both previous and ongoing science course experiences. Student
experience of research methodology was limited in both courses despite inclusion of
inquiry activities modeling aspects of scientific investigation and examples of professional

scientific research relevant to course content topics. This suggests that overcoming years of
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instruction depicting the empirical foundation of science as rigid or unidirectional will

probably take more than isolated class activities to overcome.

Study and Instrument Limitations

Frequencies of open-ended scores for all six aspects reflect challenges in using the
SUSSI and similar instruments to study student NOS views. For example, the coding as
nonclassifiable (0) within each component for the subgroups is large. Nonclassifiable is
represented when students did not complete a particular question (1), students indicated
they did not know an answer (2), the meaning of student writing was unclear (3), or the
writing did not address the intended topic (4). For example, student written responses to
Methodology of Science (f) at times were unclear in terms of whether students were
referring to experimental protocols or wider issues of methodology. Student writing skills
and attention to the task both influence the ability of researchers to interpret and use their
responses.

Scoring of open-ended responses was complicated by the three-level naive-
transitional-informed scale which at times did not fully reflect the subtlety of differences in
student NOS views. For example, some responses to the prompt for Laws versus Theories
(c) classified as naive seemed to indicate views moving toward what would be classified as
transitional, whereas others showed no evidence of this development. On other
components, such as Scientific Theories (b), very few student responses were classified as
informed, partially due to the lack of an explicit mention of data reinterpretation. It is

unclear whether this was effectively differentiating transitional and informed views, as
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students may not think to comment on reinterpretation if not directly prompted. Focused
interviews of select students would aid in interpretation of open-ended responses. Finally,
the use of transitional as a category raised concern. The term transitional may imply
students’ responses could move from naive to informed in an interval step. Rather, the
views represented a mix of ideas (as described by Sandoval, 2005) as opposed to a
progression of ideas.

Much research has focused on potential changes in NOS views through specific
learning activities or courses. This study and others have shown changes in views of only a
few aspects of NOS during these short time frames (A. Adams, M. Macklin, P. Christol, S.
Willingham, V. Hurst, M. Underwood, unpublished data), including changes toward more
naive views. This may be an indication that the development of NOS views is a long-term
process influenced by a variety of factors. Researcher and instructor understanding of the
development of student NOS views would benefit from further longitudinal studies
examining view formation and change over the course of undergraduate degree. Expansion
of the open-response scoring rubric to include finer characterization of responses would
reveal changes in students’ thinking over that time frame. Researchers might then be able
to address whether students’ naive views are a result of acculturation to a context
reinforced by scientists holding similarly naive views (Wong and Hodson, 2009) or result
from a lack of understanding in general.

Science departments play an important role for undergraduate science majors and
nonmajors in a heavily science and technology-based society. Data contributing to an

increased understanding of the NOS views of undergraduate science students and student
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response to efforts to improve NOS views have a clear utility to department faculties
seeking to refine course goals and reform course offerings, content, and methodology to
more effectively serve varied student subpopulations. These instructors—ifrequently under
considerable pressure with limited time, many students, and high expectations—confront
the challenge of balancing literacy priorities and can use this and other research evidence
as guidance for determining areas of focus and effective methodology. In addition to using
research findings to refine literacy goals and plans to meet them, instructor use of NOS
views instruments such as the SUSSI questionnaire as formative tools could be greatly
expanded. Use of these instruments could improve faculty and student awareness of
student NOS views and provide opportunity for discussion of NOS and reflection on the

processes of scientific inquiry and investigation.
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GENERAL CONCLUSIONS AND FUTURE DIRECTIONS

Broadly, this study shows that both the natural science and nonscience major
undergraduates sampled have limited understanding of the nature of science (NOS), with
particularly naive views of certain aspects of NOS. In addition, the effect of the two
courses studied on these views is, on average, minimal. In the context of ongoing efforts
of teachers and science education researchers to improve science education, including
student views of NOS, this leads to further research questions to enrich educator
understanding of student NOS views and their formation, the improvement and effective
use of instruments to assess student views of NOS, and the development of effective
pedagogical measures and student experiences leading to more informed NOS views.

This study of NOS views of students in biology courses complements NOS
research conducted in undergraduate science courses in other fields. However, such
studies are few, and researchers can gain a deeper and more informative understanding of
undergraduate science and nonscience major views, including similarities and differences,
through assessment of NOS views of students taking courses in a variety of science
disciplines, including physics and chemistry. Colleagues have already begun a wider-
scaled research project of this type in introductory undergraduate science courses.

In addition, evidence from this study shows limited change in undergraduate NOS
views through individual biology courses which include aspects of NOS as part of their
course goals. In cooperation, faculty members and science education researchers may
undertake further work to research, develop, and test different pedagogical methods and

activities to more effectively improve student views of NOS in targeted areas. There is
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opportunity for longitudinal studies to further examine any changes in the NOS views of
science majors throughout their undergraduate experience. Assessment of NOS views of
natural sciences maiors completing their undergraduate degree program has been
undertaken through use of the SUSSI in the required senior seminar class. Through
continued collection of this data in combination with research recently expanded in
introductory courses, researchers can follow individuals or subgroups as they move from
introductory courses to degree completion, and can complement SUSSI data with
interviews or other complementary analysis of individual students. As a number of natural
science majors participate in undergraduate research with a faculty member or in a summer
internship, the influence of these experiences on the NOS views of these students could
also be investigated.

Stemming from this research is another project that has begun to examine the NOS
views of academically talented high school students entering the North Dakota Governor’s
School science program, in which students spend five weeks conducting a research project
in a university faculty laboratory, and any changes in NOS views through this experience.
This study expands the scope of research to include younger students engaging in
undergraduate level work and focuses specifically on the effects of a scientific research
experience on NOS views. Studies could also be developed to follow undergraduate
students who go on to graduate school and monitor their views of NOS as they become
further engaged in scientific research.

Finally. as described in this study, the SUSSI—with its Likert and open-response

components—was useful in assessing undergraduate student NOS views. However, it
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seemed that its effectiveness and accuracy in reflecting subtle differences in student views
could be improved by expanding the scoring scale used to evaluate student responses to the
open-ended items. Colleagues are currently evaluating a five-point expansion of the
previous three-point scale, which may provide an enhanced understanding of student NOS
views and slight changes in them in future studies.

These further studies will build on the data presented here to provide faculty
members with a better understanding of student NOS views, how they are shaped, and how
they can be improved at the undergraduate level. Better NOS instructional methods will
benefit undergraduate students, and improved understanding of NOS in university
graduates will benefit society as individuals enter scientific fields of work and engage in

personal and community decision-making.
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NDSU NORTH PAKOTA STATE UNIVERSITY A1 231 A80F
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Cfffice of the Vice President for Research, Creafive Activities and Techmolagy Transfer Expires Aprit 22 2008
1735 NDSU Research Park Drive
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August 20, 2007

Dt Lisa Montplaisit
Dept. of Biological Sciences
322 Stevens Hall

Re;  Application to Conduct Research involving Human Participants:

Title: “Student Learning tn Environmentzl Science™
Protocol #: SMo08012

Co-investigator(s) and rescarch tcam: Marie C. D. Miller, Gerald Ketterling, Brenda Hall
Study site(s): NDSU Funding: n/a

It has been determined that this project qualifies for exempt status (category # 1. 2b) in accordance with
federal regulations governing human subjects research (Code of Federal Regulations, Title 43, Part 46,
Frotection of Human Subjects). This determination is based on the protocol form dated August 17, 2007,
and the consent/information sheet dated August 20, 2007,

Please also note the following:

» This determination of exemption expires 3 years from this date  1f you wish to continue the
research after August 19, 2010, submit a new protocol several weeks prior to this date.

* The project must be conducted as described in the approved protocol If you wish to make
changes, pre-approval is to be obtained from the IRB, unless the changes are necessary to
eliminate an apparent immediate hazard w subjects A Protocol Amendment Request Form is
available on the IRB website; the changes may be implemented upon receipt of notification of
approval

* Prompt, writlen notification must be made to the IRB of any adverse events, complaints, o
unanticipated problems involving risks te subjects or others related to this project.

» Any significant new findings that may affect the risks and benefits to participation will be reported
in writing to> the participants and the IRB.

¢ Research records may be subject to a random o1 dirceted audit at any time to verify compliance
with IRB policies

Thank you for complying with NDSU IRB procedures; best wishes for success with your praject.

Sincerely,

Kristy Shitley ~ v
Program Coordinator — [RB, IBC, JACUC
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tesearch aftet £/20/2012, submil a new protocol several weeks prior (o this date.
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APPENDIX B. SUSSI INSTRUMENT

Student Understanding of Science and Scientific Inquiry Questionnaire

Please read EACH statement carefully, and then indicate the degree to which you agree or disagree with
EACH statement by circling the appropriate letters to the right of each statement (SD= Strongly Disagree; D
= Disagree More Than Agree; U = Uncertain or Not Sure; A = Agree More Than Disagree; SA = Strongly
Agree).

Then, carefully read and answer the six corresponding short answer questions.

1. Observations and Inferences

A. Scientists’ observations of the same event may be different because SD D ] A SA
the scientists” prior knowledge may affect their observations.

B. Scientists’ observations of the same event will be the same because sD D U A SA
scientists are objective.

C. Scientists’ observations of the same event will be the same because SD D ] A SA
observations are facts.

D. Scientists may make different interpretations based on the same SO D U A SA
observations.

With examples, explain why you think scientists” observations and interpretations are the same OR different.

2. Change of Scientific Theories

A. Scientific theories are subject to on-going testing and revision. SD D ] A SA

B. Scientific theories may be completely replaced by new theories in SD D U A SA
light of new evidence.

C. Scientific theories may be changed because scientists reinterpret SD D U A SA
existing observations.

D. Scientific theories based on accurate experimentation will not be SO D U A SA
changed.

With examples, explain why you think scientific theories do not change OR how (in what ways) scientific
theories may be changed.
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3. Scientific Laws vs, Theories

A. Scientific theories exist in the natural world and are uncovered through

B.
C.

With examples, explain the nature of and difference between scientific theories and scientific laws.

scientific investigations.
Unlike thearies, scientific laws are not subject to change.
Scientific laws are theories that have been proven.

4. Social and Cultural Influence on Science

A.

B.

With examples, explain how society and culture affect OR do not affect scientific research.

Scientific research is not influenced by society and culture because
scientists are trained to conduct “pure,” unbiased studies.
Cultural values and expectations determine what science is conducted

and accepted.
Cultural values and expectations determine how science is conducted

and accepted.
All cultures conduct scientific research the same way because science
is universal and independent of society and culture.
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5. Imagination and Creativity in Scientific Investigations

A,
B.

C.

Scientists use their imagination and creativity when they collect data.

Scientists use their imagination and creativity when they analyze and
interpret data.

Scientists do not vse their imagination and creativity because these
conflict with their logical reasoning.

Scientists do not use their imagination and creativity because these
can interfere with objectivity.

SD
SD

SD

SD

SA
SA

SA

SA

With examples, explain how and when scientists use imagination and creativity OR do not use imagination
and creativity.

6. Methodology of Scientific Investigation

A.

B.
C

Scientists use different types of methods to conduct scientific
investigations.

Scientists follow the same step-by-step scientific method.

When scientists use the scientific methed correctly, their results are
true and accurate.

SD

SD
SD

U
U

SA

SA
SA

With examples, explain whether scientists follow a single, universal scientific method OR use different types
of methods.
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