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Abstract

evolutionary science.

In this article, | provide an analysis of my work (1985-present) with non-major biology students and science teacher
candidates in developing strategies for teaching and enhancing learning with respect to evolutionary science. This
first-person account describes changes in evolution instruction over the course of a career based on personal experi-
ences, research-informed practices, and a critical collaboration with colleague Mike U. Smith. | assert four insights con-
cerning the influence and efficacy of teaching nature of science (NOS) prior to the introduction of evolution within
college courses for science non-majors and science teacher candidates. These insights are: (a) teach explicit NOS
principles first; (b) integrate evolution as a theme throughout a course in introductory biology (but after NOS princi-
ples have been introduced); (c) use active learning pedagogies; and (d) use non-threatening alternative assessments
to enhance student learning and acceptance of evolutionary science. Together, these insights establish a pedagogy
that | (@and my colleagues) have found to be efficacious for supporting novice students as they engage in the study of
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Background

My earliest attempts at teaching evolution were well
intentioned. They were also naive and quite inadequate.
I taught accurate content but did not account for student
resistance, administrative concerns, or questions from
sometimes combative parents. I sought, as a then novice
educator, advice from experienced biology teachers in
my own school on how to more appropriately handle the
instruction of evolutionary biology. The advice I received
was equally well intentioned—‘Just teach the concepts
without ever mentioning evolution’ or ‘save evolution for
the last unit in the academic year, then you can avoid all
of the difficult questions parents sometimes ask! How-
ever sincere their advice, it was also inadequate, intellec-
tually dishonest, and did not appropriately characterize
the power of scientific theories to explain, predict, and
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and indicate if changes were made.

serve as a lens by which to pose and answer scientific
questions.

I ultimately revised my approach to teaching evolu-
tion by integrating critical nature of science (NOS) prin-
ciples—e.g., recognize that science depends of necessity
on degrees of uncertainty, the development of criteria,
and the use of criteria by which to make decisions in the
face of uncertainty-gained during my doctoral studies. I
anxiously anticipated integrating my new insights into
instruction for biology non-majors and science teacher
candidates. It is these students, as a new university hire
that I was assigned to teach. In the remainder of this arti-
cle, I describe changes in my approach to teaching evo-
lution based on personal experiences, research-informed
practices, and a critical collaboration with colleague Mike
U. Smith.

The nature of science and naturalism

Who better to say what is and is not science than sci-
entists? There are established theories, standards, and
methods as tools used in designing experiments, making
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predictions, and interpreting results. Scientists trained
to use these tools are in the best position to determine
what counts as evidence in support or refutation of a
given line of inquiry. Kuhn (2012), in his seminal Struc-
ture of Scientific Revolutions aptly described this as scien-
tists deeply absorbed in scientific investigations through
iterative use of a consensus theoretical framework or
paradigm—in other words, scientists consummately
engaged in normal science. While there is much practical
validity in this point of view, scientists laying claim to be
the ultimate arbiters of what is (or is not science) comes
across to non-scientists, students, members of the gen-
eral public etc., that science is elitist, authoritative, and
condescending (Shamos 1995). This authoritative percep-
tion of science became a pervasive theme used by Phillip
Johnson to disparage scientists as protective of theories,
closed-minded to alternative explanations, and unwill-
ing to consider anomalous evidence. Evolution, according
to Johnson, was an atheist dogma due to an unbending
allegiance to philosophical naturalism (Johnson 1993).
Johnson painted a picture that was completely dualistic,
a false dichotomy—he would have his readers choose
either theism or atheism (i.e., philosophical naturalism),
but he steadfastly maintained that one cannot choose
them both.

Although there are individual scientists who espouse
philosophical naturalism, science in and of itself makes
use of methodological naturalism, not philosophical
naturalism (Scott 2009). The difference between philo-
sophical and methodological naturalism is important
for understanding the nature of science. As Bailey (2017)
stated,

Scientists acknowledge that methodological natu-
ralism underlies their research, but point out that
they have little choice in the matter. Scientists must
assume, when they perform an experiment or make
some measurements, that no supernatural entity is
disturbing the experimental setup while they per-
form the experiment, for otherwise no repeatable
empirical study could rationally be performed. After
all, making controlled experiments, where the “vari-
ables” are fixed one by one, is a key foundation stone
of the scientific method. Yet by definition, a scien-
tist cannot vary, rule out or ‘control” in any way the
actions of an omnipotent Being who exists beyond
the realm of the natural universe and acts beyond its
natural laws.

In other words, although science makes use of meth-
odological naturalism in the conduct of scientific study,
science cannot free us from theological questions (Gould
1999, 2003; Nelson 1986). This is an important recogni-
tion because it has critical implications for how I began
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to revise my approach to teaching evolution, especially
for non-majors.

Teaching evolution to facilitate understanding the nature
of science

My initial revised instructional framework incorporated
several NOS principles (e.g., science is necessarily uncer-
tain, testable, verifiable) throughout my evolution unit
of study. My primary intent in designing this unit was
to introduce and reinforce how evolution was consistent
with NOS principles. A secondary intent, through under-
standing NOS principles, was to develop a set of claims
that were developmentally appropriate for non-majors
and science teacher candidates.

The three most effective claims, noted repeatedly in
my course evaluations from over a decade of instruction
using my revised pedagogy were that: (a) science theories
were powerful tools (not facts or beliefs), (b) theories,
when presented as new tools, did not necessitate giving
back another tool (e.g., theological explanations or aes-
thetic preferences), and (c) methodological naturalism
requires us to put ‘blinders’ on in order to do the work
of science (see below). Considering the first claim, when
students asked me if I believe in evolution, I responded
playfully, “Do you believe in screwdrivers?” I would then
relate to them that I found their use of the word ‘belief’
associated with a scientific theory as odd as might they in
associating ‘belief’ with a screwdriver. After some addi-
tional discussion about theory being as much a useful
tool to a scientist as was a screwdriver to a builder when
applied to accomplish a specific task, students begin to
recognize theories, like evolution, are useful tools in very
specific contexts.

I further asked students, as a second claim, to apply
theories as the tools of science—used to explain, predict,
and solve scientific problems and puzzles. Thinking of
theories as tools implied identifying when a theory was
the most appropriate tool to apply to a question/prob-
lem and knowing how to make use of it to do so. But it
is here that I also interject that theories, even if power-
ful in specific contexts, are but one tool. Other tools,
although not necessarily scientific ones, can be equally or
more appropriate given a different context—e.g., “What
is your favorite genre of music? or ‘Do humans pos-
sess a soul?—for which an aesthetic or theological tool
respectively might be more appropriate to use. I would
subsequently point out that in considering evolutionary
theory specifically as a tool appropriate to use in a scien-
tific context, I was not asking them to give up other tools
they already found to be useful in non-scientific circum-
stances. This approach is consistent with a thesis intro-
duced by Nelson (1986) in his seminal chapter, Creation,
Evolution, or Both? A Multiple Model Approach.
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Finally, I developed as a third claim, that in order to
perform scientific work scientists must wear blinders
to ways of knowing/explaining that are external to the
practice of science. The use of ‘blinders’ as a metaphor
substituted for methodological naturalism. But once the
science is done for the day, every scientist has the per-
sonal option to remove the blinders and consider other
relevant explanations as potential complements to the
conclusions reached while engaged in the practice of
science. I also emphasize, however, that scientists reject
explanations that contradict the scientific evidence—a
rival explanation may well be useful in non-scientific con-
texts, but it is at best ‘less’ scientific because it fails to be
consistent with NOS principles. Once students became
accustomed to this perspective or view of science, their
resistance to considering a topic like evolution is greatly
diminished because they were freed from thinking in a
dualistic manner (Perry 1970); in other words, they can
keep both tools in their kits. I described this reconcilia-
tion of science with other ways of knowing as giving stu-
dents a place to stand (Scharmann 1990) along a less to
more scientific continuum. This place to stand encour-
ages students to reject views that promote an either/or,
on/off, theistic/atheistic set of false dichotomies.

These three claims, in summary, promote a classroom
environment greatly more receptive to learning about
scientific theories, especially evolution (Nelson 1986;
Scharmann 1990; Scharmann and Harris 1992). The use
of these claims, however, did not appreciably increase
student acceptance of evolutionary theory (Scharmann
1994; Woods and Scharmann 2001).

Teaching nature of science as antecedent to evolution
instruction

New insights emerged concerning NOS instruction
(McComas 1996; McComas et al. 1998; Abd-El-Khalick
and Lederman 2000; Lederman et al. 2002) that caused
me to realize that I shouldn’t be using evolution as a vehi-
cle to introduce NOS principles. Instead, NOS principles
needed to be introduced and well understood before evo-
lution is taught. This recognition became more refined
through collaboration with Mike U. Smith, as we deline-
ated the need for future science teachers to become far
more literate with respect to NOS in order to facilitate
an understanding of these principles among their future
students (Smith and Scharmann 1999; Scharmann and
Smith 2001). Based on these position papers, we con-
ducted an action research study over a 5-year period
(2002-2006) to test the efficacy of an instructional strat-
egy in which NOS was modeled as an explicit, reflective
pedagogy for pre-service science teachers (Scharmann
et al. 2005; Smith and Scharmann 2008). Decisions made
during the early years of the study, to refine the NOS unit
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of instruction, are explicated in Scharmann et al. (2005).
The aggregated revisions were then integrated into our
final NOS instructional unit and retested (Smith and
Scharmann 2008).

Data collected in the retest study involved 15 pre-ser-
vice science teachers and consisted of extensive reflec-
tive essays, class discussion summaries, and lesson
plans. Learning activities required pre-service teachers
to develop criteria that could be used to assess the sta-
tus of a scientific claim. In one activity, for example, I give
students a set of eight statements and ask them to place
them along a continuum from least to most scientific.
Once accomplished, I pair (or group) students and ask
them to share their placements with one another. Where
there is disagreement, I request them to arrive at a con-
sensus and eventually make their decision public by dis-
play to the class. This activity not only provides a NOS
representation of how research groups come to consen-
sus and then defend their position in a public forum, it
also provokes them in collaboration to seek a set of cri-
teria by which to judge the placement of the statements
(more detail and several other examples can be found in
Scharmann et al. (2005). In addition, readings, instruc-
tor guidance during class discussions, and electronic
mail exchanges directed student thinking toward consen-
sus-informed views of NOS. Multiple opportunities for
individual reflections were provided through the use of
personal journals in which pre-service teachers proposed
justifications for judgments of intelligibility, plausibility,
and fruitfulness concerning science-related claims (e.g.,
claims about evolution, intelligent design, global warm-
ing, and genetically-modified foods). Finally, pre-service
teachers were asked to create lesson plans that explicitly
applied NOS concepts to judgments about issues relevant
to both in-school and out-of-school settings.

More recently, a study involving thirty-one com-
munity college science non-majors was undertaken by
Scharmann and Butler (2015) to replicate the successful
NOS-rich instructional environment designed by Butler
(2008). Unlike Butler (2008), however, and to correct a
shortcoming of his previous study, overt and continuous
attention was given to reassure students that they were
free to express their honest, personal opinions about
the science being taught. Another important difference
was a conscious decision to decouple student reflection
opportunities from the traditional multiple-choice course
assessments that were administered every other week to
assess knowledge of biology content (e.g., ecology, evo-
lution, homeostasis, genetics, organisms, physiology).
Instead, for the explicit treatment of NOS principles, stu-
dents were asked to keep a journal, consistent with rec-
ommendations offered by Smith and Scharmann (2008),
in which they recorded their thoughts about the course
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without fear of getting wrong answers that might lower
their overall grades. In their journals, students were
encouraged to respond to three focus questions:

«  What aspects of the nature of science did you observe
in the lessons/activities this week?

+ What influence did the recent class activity and dis-
cussion have on your understanding of evolution?

+ Has your view of evolution changed? Explain your
response and provide support or examples of what
influenced the change.

Students were required to provide appropriate evidence
to use as justification for any claims made in their journal
entries. Students also received frequent reassurance, as
they studied topics such as evolution, the environment,
genetically modified organisms, etc., that it was perfectly
valid, in making their journal entries, to accept or reject
any scientific claim as long as the decision was based on
sound argument and evidence. Instructor feedback tar-
geted a NOS-focused clarification of specific points made
in student journals (e.g., evidence considered, inferences
based on observations, implied testability and potential
for replication of results) by asking students to use obser-
vations directly from the class activities, especially in
cases where students rejected a specific scientific claim.
This use of journaling with non-judgmental feedback
provided students a safe outlet to reflect on how they
perceived what they were experiencing in class and how
they were responding to it.

For research purposes, the instructor analyzed student
journal entries from weeks 1, 5, 9, and 13 to provide peri-
odic snapshots over the duration of the semester-long
course. Their journal entries were globally rated then as
“Informed,” “Somewhat Informed,” or “Not Informed”
[note: see Scharmann and Butler (2015) for a discussion
of reliability determination]. A comparison of early and
late journal entries resulted in a marked increase in NOS
understanding (Week 1, 3% “informed” responses; Week
13, 61% “informed” responses).

Adding the use of journaling as an assessment tool
provided valuable insights above and beyond the factual
understanding assessed by traditional summative evalu-
ations. For example, with respect to acceptance of evo-
lution, twenty-seven students rejected evolution (based
on their Week 1 entries) and by Week 13, twenty-three of
thirty-one students (nearly 75%) made journal entries (at
some point) that specifically remarked on change in their
personal acceptance of evolution as a scientific claim.
The import of this change is that it is possible to assist
students beyond merely understanding evolutionary con-
cepts toward a reconciliation of evolution with their per-
sonal religious views. Secondly, and equally important, is

Page 4 of 9

that this change can be fostered in the brief span of a sin-
gle semester course in biology, consistent with the results
recently reported by Metzger et al. (2018). This finding
is in sharp contrast to those results reported by Butler
(2008), who found little acceptance of evolution despite
the use of a NOS-rich instructional environment, and
Winslow (2008), who found that a reconciliation with
religious values can be facilitated, but only after much
longer time periods (as many as 4 years of college).

Another critical question addressed in this study was
whether or not content understanding was sacrificed
due to instructional time given to NOS topics. Students
in this study performed equally well on the traditional
tests and quizzes compared to prior students (i.e., the
instructor noted that the grade distribution for the stu-
dents in this study was similar to that of sections of the
course taught in previous years). Although the number
of students in this course was relatively small, the results
demonstrate the efficacy of explicit and reflective instruc-
tion in which students are free to reflect on their personal
responses to the instruction and on feedback to those
responses that is individualized, private, and non-judg-
mental. This work, along with our previous studies, has
led to a set of valuable insights about NOS in relation to
evolution instruction, which we discuss below.

Insights for teaching NOS and evolution

Insight 1—teach explicit NOS principles first

Early introduction of NOS principles establishes the
parameters by which the practice of science is conducted.
Over three decades of my work with nature of science in
relation to the teaching of evolution, my colleagues and
I have integrated NOS in various approaches to instruc-
tion (Scharmann 2016). These approaches included the
use of NOS: (a) as a culmination (i.e., synthesis) learning
(or capstone) experience for non-major biology students
(Scharmann 1990); (b) as a parallel focus along with
evolution in a non-majors biology course (Scharmann
1994); and (c) as the initial unit of study in both non-
majors biology and pre-service science teaching methods
courses (Scharmann et al. 2005; Scharmann and Butler
2015). In the first approach, NOS is explicitly introduced,
albeit too late to be a meaningful tool for understanding
evolution because reflection opportunities for students
are completely missing. In other words, NOS is intro-
duced too late to achieve the intended learning outcome.
In the second approach, NOS instruction is both explicit
and reflective, but efficacy is hampered by lack of consid-
eration of and planning for possible resistance to evolu-
tion while students are concurrently navigating learning
NOS principles (Scharmann 2005; Butler 2008). Finally,
in the third approach, NOS instruction is explicit, reflec-
tive, and presented prior to the introduction of evolution
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so that negative attitudes toward evolution per se do not
interfere with NOS learning. NOS principles are con-
stantly referenced in subsequent evolution instruction
and are a focus for the remainder of the course.

The efficacy of this third design derives from the fact
that NOS is introduced early enough to encourage mul-
tiple opportunities for reflection and establish a lens
through which students can interpret various science
claims, including those of evolution theory and many
other topics (e.g., climate change) that students may
initially view negatively or as controversial. This third
design also made extensive use of a more to less scientific
continuum, suggested by Kitcher (1985), in which criteria
were developed and applied to determine the placement
of fields of study along this continuum (Scharmann et al.
2005). To gain additional practice on how to apply crite-
ria in making consensus decisions, I follow up the eight
statements activity that introduced the use of the more
to less scientific continuum (see previous section above)
with a series of progressively nuanced pairings of fields
of study and ask students to come to consensus on where
to place them in relation to one another along the contin-
uum. The initial example pairings (e.g., drama with phys-
ics, music with chemistry, biology with religion) become
more difficult (e.g., genetics with computer science, soci-
ology with political science, engineering with astrophys-
ics) leading to rich discussions of pure versus applied
sciences and blurred lines even between the major sci-
ence disciplines—biochemistry, biophysics, geophysics,
etc. Additional detail is provided in Smith and Schar-
mann (2008).

Ultimately, using this continuum approach allows stu-
dents to consider a field of study making scientific claims
(e.g., Intelligent Design, Astrology) against a set of cri-
teria and place it along the continuum without forcing
them to completely dismiss it as non-scientific. Even
those students most initially resistant to evolution even-
tually (some with reluctance) recognize that Intelligent
Design (ID) may be appealing as an explanation on per-
sonal, aesthetic, or theological grounds, but they con-
cede (based on the application of NOS principles) that
ID is far less scientific compared to evolution (Smith and
Scharmann 2008).

The necessity of integrating NOS with content
throughout a course of study continues to be recognized
(Lederman and Lederman 2014; Abd-El-Khalick 2013;
Lederman 2004; Khishfe and Abd-El-Khalick 2002). Inte-
gration of NOS is likely even more critical for college
students whose major is other than science (Borgerding
et al. 2017; Price and Rogers 2016; Scharmann and But-
ler 2015; Hermann 2008) and especially relevant for sci-
ence teaching candidates (Borgerding and Dagistan 2018;
Friedrichsen et al. 2016; Glaze et al. 2015; Pobiner 2016).
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Glaze et al. (2015) specifically noted among pre-service
science teachers that a deep understanding of NOS prin-
ciples is a statistically significant positive factor in influ-
encing a personal acceptance of evolution.

Insight 2—evolution instruction must be integrated

as a theme throughout an introductory biology course

A crucial connection to emphasize between evolution-
ary theory and NOS principles is that in order to grasp
the power of a scientific theory to explain, predict, and
solve scientific problems, one must also understand
the limits of that theory, e.g., that evidence in support
is required, what kinds of questions can and cannot be
addressed, what questions and observations remain
unexplained, and the strength of the evidentiary support
for and against the theory. Students accustomed to the
use of NOS principles as a lens for understanding science
content become more capable of recognizing that evolu-
tionary theory does not preclude other explanations from
being relevant; however, students also become able to see
that these other explanations are far less scientific (Schar-
mann et al. 2005; Smith and Scharmann 2008).

In addition to interweaving evolutionary concepts with
NOS principles, it is equally important to illustrate the
practical significance of evolutionary concepts. In other
words, there are human elements in science that illustrate
the relevance of evolutionary biology for making individ-
ual and societal decisions. For example, I want students
to understand why acquired traits such as musical ability
are not inherited and how species (not individuals) adapt
to their environment over time. Likewise, I want students
to recognize how the Centers for Disease Control and
Prevention apply the principle of common ancestry to
the design and production of vaccines. Finally, integrat-
ing evolutionary concepts with NOS in instruction, my
colleagues and I have found that students who express
strong religious beliefs become more willing and able to
reconcile their science learning (specifically evolution)
with their religious beliefs (Smith and Scharmann 2008;
Winslow et al. 2011; Southerland and Scharmann 2013;
Scharmann and Butler 2015).

Insight 3—active learning promotes critical thinking

and enhances evolution understanding

The promotion of active learning has a long history in the
science education community (Posner et al. 1982; Carey
et al. 1989; Hewson et al. 1998). Even though active learn-
ing is known to be associated with gains in critical think-
ing in general, Nelson (2007) has noted a deep-seated
reluctance in the higher education science community
to adopt instructional methods that actively engage stu-
dents despite evidence that active learning improves stu-
dent performance (Carmichael 2009), reduces attrition
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(Dinan 2004; Comeford 2016), enhances long-term
retention and critical thinking (McInerney and Fink
2003), and provides a particularly interesting context
for learning science in general (Borgerding and Dagistan
2018) and evolution most specifically (Scharmann 2005).
To make matters worse, university instructors are even
more hesitant to employ active learning when teaching
about evolution for fear of losing control of the classroom
discussion (Barnes et al. 2017; Nelson 2000).

Our studies to date on active learning with college non-
majors (Scharmann et al. 2005; Scharmann and Butler
2015) and pre-service science teachers (Scharmann 2005;
Smith and Scharmann 2008) have clearly demonstrated
that a strong foundation in NOS acquired through active
learning prepares students to deal with their perceptions
of science controversies. Earlier in the descriptions of the
eight statements activity and follow-up example delin-
eated in Insight 1, I described extensive use of student-
to-student interactions in pairs, groups, and/or teams,
that is immediately debriefed using teacher-to-student
interactions (e.g., question and answer or instructor-
facilitated whole class discussion). Another example to
illustrate the capacity of more active forms of learning to
engage students in critical thinking is when I ask future
science teachers (in a peer-discussion format) to role-play
as members of a community faced with the decision to
teach evolution in their school district. The introductory
scenario has changed with time—early career I provided
teacher candidates with the 1987 Edwards vs. Aguillard
decision (National Center for Science Education 2018a),
middle career it was the 1999 Kansas State Board of Edu-
cation Decision to allow every individual school district
to decide whether to include evolution as a part of their
curriculum, and later career I used the Kitzmiller vs.
Dover decision (National Center for Science Education
2018b)—but in each case the focal questions being dis-
cussed request pre-service teachers to consider a presen-
tation of the relevant facts and a follow-up request that
each team come to consensus on recommending (or not)
the teaching of evolution in their fictitious communities.
I then ask the teams to present their recommendations,
highlighting their major reasons for and against teaching
evolution [note: I learned through the earliest example
how important it was to know my students well enough
to purposely form discussion groups based on my obser-
vations and interactions with them and to not leave the
group to form either randomly or by self-selection. Addi-
tional insight into this recommendation can be found in
Scharmann and Hampton (1995)].

Through team-based, problem-based, and coopera-
tive learning, students influence (persuade) one anoth-
er’s positions with less threat than is the case when an
individual student perceives that they may be on the
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opposing side of their instructor’s position. In addition,
by having peers discuss their observations from inquiry
and laboratory activities before addressing issues they
perceive as controversial, instructors can monitor stu-
dents’ discussions and better prepare them to consider
discrepancies that may arise in subsequent whole-class
discussions (Winslow et al. 2011; Sibley and Ostafichuk
2014; Scharmann and Butler 2015).

Insight 4—use of non-threatening assessments promotes
examination of personal views about controversial
subjects

In the first three insights presented above my colleagues
and I have argued that the introduction of NOS principles
before learning about science content, the frequent use of
NOS principles as a lens through which to interpret evo-
lutionary concepts can be understood with a minimum of
conflict with prior beliefs, and students’ engagement pro-
mote deeper individual reflection concerning the scien-
tific concepts and principles to be learned. Our previous
studies, in concert with other researchers, also demon-
strate the value of non-threatening assessment practices
to deal with the affective (or emotional) concerns of our
students (Nelson 2007; Winslow 2008; Scharmann and
Butler 2015).

Nelson (2007) provided a strong rationale for instruc-
tional practices that takes students’ prior beliefs into
account. To this point, Winslow (2008) added that with-
out making comparisons between personal and scien-
tifically more accurate conceptions, a reconciliation
of students’ religious beliefs with scientific concepts is
unlikely to occur. In other words, in the case of evolution
instruction at least, a conceptual change instructional
model alone can be insufficient for achieving reconcili-
ation of one’s personal beliefs with an understanding of
evolutionary theory.

The use of journals as a non-threatening assessment
tool permits students to engage in introspective, hon-
est, reflective expressions of progressive changes in per-
sonal views and understandings and to develop skill at
using evidence to support inferences and conclusions.
The success of the use of this assessment approach is
highly dependent on an instructor’s skill and willingness
to provide consistent, unbiased, and non-threatening
feedback to students. Working with high school stu-
dents, for example, Janelle Mead and I asked high school
biology students to adopt one of four major characters
in the film Inherit the Wind and keep a journal reflect-
ing their adopted character. The film was watched in
20-30 min segments. Following each segment, students
discussed their insights concerning their character in
relation to the study of evolution as it was presented in
the film. After 4 days and at the conclusion of the film,
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we asked students to form groups coinciding with the
character they adopted (e.g., a Clarence Darrow or Wil-
liam Jennings Bryan group), discuss their insights, come
to consensus, and choose one spokesperson to represent
their group on the final day of the role play. We continu-
ously reassured students that it was their participation
that was most important and not their individual view of
evolution. The student engagement, in the content and
their positive reactions/insights to the use of journals
as a non-threatening assessment, is described in Mead
and Scharmann (1994). Likewise, in the 2015 study, as
another example to reassure that student participation
was without negative consequence, it was often repeated
in class, “Remember, we are only concerned with where
your evidence leads you. We are not judging you as right
or wrong. We want you each to feel comfortable discuss-
ing the evidence with one another and with us in an open
and mutually respectful manner” (Scharmann and Butler
2015).

Journaling, therefore, in both of these examples, pro-
motes reflection on the:

+ Special nature of scientific knowledge—specifically
reinforcing that science is necessarily uncertain, test-
able, replicable, and self-correcting,

+ Tools and products of science—specifically that evi-
dence is required and that science typically shares
various empirical methods—observations, inference,
inference, deduction,

+ The human elements of science—specifically that sci-
ence aims for objectivity but recognizes that subjec-
tivity cannot be eliminated and that science is there-
fore impacted by social and cultural influences such
as those that students bring with them to class, and

« Compatibility of the science being learned with prior
religious beliefs—by providing multiple opportuni-
ties for students to try out changes in personal under-
standing of science concepts like evolution and dis-
cover ways that reasonable people can both accept
evolution and hold certain religious beliefs, thereby
giving students a new place to stand.

Summary

In this paper I have asserted four insights concerning
the influence and efficacy of teaching NOS prior to the
introduction of evolution within college courses for sci-
ence non-majors and science teacher candidates. These
insights are:

1. It is important in teaching science non-majors to
establish NOS principles first, through focused learn-
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ing, prior to the introduction of other science con-
cepts;

2. Evolution instruction should be integrated as a theme
throughout an introductory biology course after
NOS instruction and explicitly linked to NOS princi-
ples;

3. Students should be engaged in active learning that
enhances opportunities for critical thinking, peer-to-
peer interactions, and student-to-instructor interac-
tions as they study NOS and evolutionary concepts;
and

4. Assessments concerning NOS, and the learning of
topics (such as evolution) perceived by students as
controversial, should be as non-threatening as possi-
ble to permit students to compare initial beliefs about
science with evidence obtained in active learning
experiences.

Together, these insights establish a pedagogy that I
(and my colleagues) have found to be efficacious for sup-
porting novice students as they engage in the study of
evolutionary science.

Adopting efficacious pedagogies to replace outmoded
ones in postsecondary education is an intentional choice.
Although these methods have been slow to be considered
at the post-secondary level (Freeman et al. 2014; Nel-
son 2010), it is essential that we move in this direction.
If we do not, we will continue to fail to meet the needs
of science non-majors (Short and Hawley 2015; AAAS
2011; Nehm et al. 2009), who represent the majority of
students enrolled in post-secondary introductory biology
courses. We will also fail to adequately prepare science
teacher candidates in how best to teach evolution to their
future students (Borgerding and Dagistan 2018; Glaze
et al. 2015; Hermann 2013; Smith and Scharmann 2008;
Scharmann et al. 2005; Rutledge and Warden 2000). To
continue to serve these student populations poorly puts
at risk the political decision-making (i.e., by informed
voters) needed within a citizenry to make individual
health and societal decisions based on accurate scientific
reasoning.
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