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Abstract

Background Human evolution is a topic that is largely excluded from K-12 classrooms for a variety of reasons, includ-
ing the inability, unwillingness, or lack of preparedness of educators to teach a topic that has been seen as controver-
sial. This study explored how engagement in professional development infused with 3D printing and ways of know-
ing discussion influenced science teachers'self-efficacy for teaching human evolution. The professional development
opportunity was designed to empower teachers and provide them with the tools necessary to incorporate human
evolution into their curriculum. During this workshop, participants learned about paleontology and human ori-

gins, spoke with professional paleoanthropologists, discussed implementation strategies with evolution educators,
and developed lesson plans centered around human evolution. To explore the role of this professional develop-

ment on teachers'self-efficacy and perceptions of the teaching of evolution, we used a previously validated survey
that was employed in the pre-test and post-test format and semi-structured focus group interviews.

Results The results of this study indicate that the workshop positively impacted teacher perceptions of the teaching
of evolution with significant improvements on two of the three tested factors and the third factor almost reaching
significance.

Conclusions Our data demonstrate that a three-day workshop can successfully impact teachers’ perception dof

the teaching of evolution and, in turn, increase the implementation of human evolution in K-12 classrooms. By specifi-
cally structuring the workshop content in a way that addressed many of the previously indicated obstacles in teach-
ing evolution, we were able to positively impact educators and provide them with the information and tools neces-
sary to add human evolution into their curricula.
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Introduction
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the scientific community (Geher et al. 2019), a dearth
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of educator knowledge about the ever-changing field
of human origins (Pobiner 2016), a deficiency of easily-
implemented teaching materials (Selba 2019), a lack of
access to the actual fossils on which our understanding
of evolution is based (Ziadie and Andrews 2018), as well
as the perceived controversial nature of the teaching of
evolution (Hermann 2008). Even within the implementa-
tion of human evolution curriculum, there is controversy
regarding the real or perceived interdisciplinarity and
scope of the material (Hanisch and Eirdosh 2020). The
Next Generation Science Standards (NGSS) for example,
reference key concepts of selection, common ancestry,
and evidence for evolution writ large, but do not specifi-
cally address human evolution or encourage the inclusion
of such in classroom teaching (NGSS 2013). Further-
more, although they are a set of national-level standards,
they are not mandated and have been adopted by only
22 states, with states holding the authority to determine
their own standards for teaching science. As a result,
evolution has only recently been added to the statewide
teaching standards in many states (for example, the word
‘evolution’ was not included in the teaching standards for
Florida until 2008) (Fowler and Meisels 2010). Combin-
ing these factors leaves teachers interested in teaching
evolution without the resources and support to do so. It
can also discourage disinterested or skeptical teachers
from incorporating it into their curriculum in the first
place.

This study aimed to better understand how to help
educators increase the inclusion of human evolution into
existing K-12 science curricula with accuracy and confi-
dence. This study was designed to address the following
research question:

+ How does human evolution teacher professional
development integrating 3D printing and discussions
of “ways of knowing” (i.e., the ways in which humans
acquire knowledge and process experiences to make
sense of the world) impact teacher perceptions and
self-efficacy for teaching human evolution?

Review of literature

Research on the teaching and learning of evolution has
expanded widely in the twenty-first century. However,
national polls indicate that public perceptions of evo-
lution have remained primarily unchanged over three
decades, and further efforts are still required (Evolution,
Creationism, Intelligent Design, 2019). Not only does
the minimal change in public perceptions represent a
challenge for evolution, it is a critical blow to scientific
literacy as a whole, suggesting the by-and-large evidence-
only approach to teaching scientific concepts seen by
the public as “controversial” fail to reach goals to build a
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scientifically literate society (Rankey 2003; Robbins and
Roy 2007; Schilders et al. 2009; Smith and Seigel 2016).
In response to the polls, researchers have focused on the
foundations of knowledge, understanding, belief, and
acceptance of evolution (Matthews 2001; Rutledge and
Sadler 2011) to understand the interactions that drive
public thinking (Miller et al. 2006). Similar focus looked
toward university and K-12 classroom experiences,
standards, and teaching approaches to foster change on
a broader scale (Glaze and Goldston 2019; Ha et al. 2012;
Hermann et al. 2020). Guided by our growing under-
standing of how students learn, how teachers engage
their autonomy, effective practices in science, and actively
mitigating conflict, now it is possible to put theory into
practice, utilizing understandings of what does and does
not work in new ways to build practical approaches that
translate and transfer with fidelity into the classroom.

Evolution teaching, learning, and perceptions are
complicated

Foundational explorations in evolution education center
around differentiation and interactions among knowl-
edge/understanding and acceptance of evolution (Kim
and Nehm 2011; Matthews 2001; Nehm and Reilly 2007;
Nehm and Schonfeld 2007). A common theme in research
is whether knowledge or acceptance of evolution should
be the goal of education, with differences noted between
goals for K-12 education and post-secondary education
(Barnes and Brownell 2016; Glaze 2017; Meadows 2009;
Smith and Seigel 2016). While the literature finds little
agreement on whether and to what extent knowledge
impacts acceptance, it is clear that there is a disconnect
between the two that does not follow the logical pat-
tern shown in other topics (Bertka et al. 2019; Sinatra
et al. 2003). As a result, subsequent studies often begin
with at least a cursory exploration of evolution content
knowledge or acceptance levels of students and teachers
to establish baselines or explore groups compared to oth-
ers. It has been concluded that increasing content alone
is not enough to instigate conceptual change that leads
to greater acceptance of evolution (Bertka et al. 2019;
Barnes et al. 2017; Glaze and Goldston 2015; Glaze et al.
2015; Hermann 2012). Whether the goal is to ensure
acceptance or increase understanding, students should
learn about evolution from a scientific perspective in
their science classes (Bertka et al. 2019).

Understanding and accepting evolution requires
acknowledging barriers

We are combating challenges arising from content
knowledge disparities, worldviews, and culture when
teaching evolution and negative perceptions (Bertka et al.
2019). In addition to content barriers, cultural objections
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play a role in the teaching and learning of evolution in the
classroom, including but not limited to religious beliefs
and historical contexts surrounding race (Bertka et al.
2019; Brem et al. 2003; Goldston and Kyzer 2009; Mead-
ows et al. 2000). Failing to acknowledge worldview ele-
ments in a considerate and not suppressive way creates
an environment of exclusion and discomfort, preventing
conceptual change (Barnes et al. 2017; Bertka et al. 2019;
Hermann 2012). Additionally, there can be conceptual
challenges such as misconceptions, the semantics of the
language of science, and a need for more modeling to
cope with conflict (see reviews in Glaze and Goldston
2015; Glaze et al. 2015; Pobiner 2016). Conflict exists long
before formal experience with the concepts in schools
and persists long after those experiences where nothing
is done to address concerns and support the navigation of
the conflict (Bertka et al. 2019; Glaze and Goldston 2015;
Glaze et al. 2015; Griffith and Brem 2004; Long 2012),
therefore, approaches meant to increase knowledge or
acceptance, and thereby teachers’ autonomous choices
in the instruction of evolution, must address diverse
elements from content and conflict mitigation to cop-
ing skills and pedagogical strategies that are desperately
needed (Bertka et al. 2019).

Teacher autonomy impacts what and how evolution

is taught in the classroom

While there are national Next Generation Science Stand-
ards (2013) for science education in the United States,
each state can adopt or craft its standards. In the South-
eastern United States, where this study occurred, none of
the states (TX, LA, MS, AL, GA, FL, SC, TN) adopted
the national standards, although several elected to craft
similar standards to the NGSS. As a result, states main-
tain autonomy in selecting topics covered in a given
school year in science classes. At the same time, there is
still a great deal of local control and very little oversight
to ensure all standards are taught outside of standardized
testing in most states. One by-product of the need for
national standards and assurance of coverage is that there
is a great deal of autonomy on a classroom-by-classroom
basis. Teachers are often responsible for selecting their
curriculum either entirely or on a supplementary level
and have an ultimate say in what and whether they teach
evolution (Rutledge and Mitchell 2002).

Evolution instruction notably impacts teacher persona
and approach in the classroom. In a study of established
classroom teachers, Goldston and Kyzer (2009) observed
marked changes in how teachers spoke to their students,
modeled thinking, and responded to questions when
teaching evolution, all involving being less confident and
engaged than those same teachers were when teaching
other topics. Not only do many teachers demonstrate a
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limited understanding of the basic concepts of evolution
(goal of education, with differences noted between goals),
but even in the presence of advanced certifications and
experience, they often struggle with processes and prac-
tices of science, grouped as the Nature of Science (NOS)
(Bartos and Lederman 2014). Limited understandings
of fundamentals and NOS are critical failings, as this is
where most of the misconceptions surrounding evolu-
tion and other sciences are grounded (e.g., law vs. theory,
social constructs of science, even what science is and is
not) (McComas 1997).

Science teachers’ self-efficacy for teaching evolution
Teachers’ self-efficacy beliefs also influence instructional
practices for evolution instruction for teaching evolution.
Self-efficacy beliefs impact “how teachers think, feel and
teach” (Gibbs 2003, p. 1). Self-efficacy mediates various
cognitive, affective, and volitional factors that define how
we plan, organize, implement, and reflect on our activi-
ties (Bandura 1997). High self-efficacy beliefs support
intrinsic motivation and increased engagement. On the
other hand, low self-efficacy results in feelings of incom-
petence diminished potential for higher-order cognition,
and, consequently, decreased task performance (Bandura
1993).

Self-efficacy for teaching evolution specifically is
known to be impacted by a host of factors, including reli-
gious views (Alters and Nelson 2002; Asghar et al. 2007),
misconceptions about evolution (Gregory 2009; Meir
et al. 2007), inadequate level of acceptance of evolution
(e.g., Kim and Nehm 2011; Peker et al. 2010), and lack
of understanding of nature of science (Dagher and Bou-
Jaoude 2005; Kim and Nehm 2011; Rutledge and Warden
2000). The ongoing perceptions in society that there is an
evolution versus creationism “controversy” further hin-
ders a teacher’s ability to develop knowledge and self-effi-
cacy for teaching evolution (Hawley and Sinatra 2019).
Teachers must balance their sense of duty to their pro-
fession, the demands and concerns of their community,
their response to the greater political climate, and their
beliefs. Secondary science textbooks, a primary instruc-
tional resource for most teachers, caution new teachers
to refrain from allowing students to debate the issue and
to distinguish between a theory and a fact when teaching
evolution (e.g., Chiappetta and Koballa 2002).

Teachers are encouraged to “plan ahead to determine
how to deal with objections from students and parents
who oppose instruction, including evolution. [Make]
provisions to give students alternative work in science,
if they wish to leave the classroom during instruction on
evolution” (Chiappetta and Koballa 2002, p. 144). How-
ever, more support is needed for teachers on how to com-
municate with students and parents regarding teaching



Selba et al. Evolution: Education and Outreach (2024) 17:5

evolution. In addition, teachers often struggle with the
issue of disclosure versus neutrality, that is, whether to
share their personal views and opinions with students
or to adopt the role of an impartial facilitator during the
deliberation of evolution (Hermann 2008; Miller-Lane
et al. 2006). It is no wonder why many teachers have low
self-efficacy beliefs for teaching human evolution and feel
anxious and stressed about the need to protect them-
selves from the potential consequences of conflict over
teaching evolution.

Several studies have demonstrated that biology teach-
ers need more confidence in their knowledge of evolution
(Glaze and Goldston 2015; Glaze et al. 2015; Griffith and
Brem 2004). A path analysis study examining the relative
effects of teacher self-efficacy, understanding and accept-
ance of evolution, and views on the nature of science
revealed that higher levels of both understanding and
acceptance of the theory and naive views on NOS were
found to be associated with stronger self-efficacy beliefs
for teaching evolution effectively (Akyol et al. 2012).
Another relevant study examined the sources of pressure,
resulting stresses, and coping strategies Arizona biol-
ogy teachers devised for teaching evolution (Griffith and
Brem 2004). Based on the results of focus groups, inter-
views, and surveys, teachers were clustered into three
groups: “Conflicted,” who struggled with their beliefs and
the possible impact of their teaching, “Selective,” who
carefully avoided complex topics and situations, and “Sci-
entists,” who saw no place for controversial social issues
in their science classroom. Teachers from each group felt
that they could be more effective in teaching evolution
if they possessed: (a) the most up-to-date information
about evolution (interdisciplinary content knowledge),
(b) a safe space in which to reflect on the possible social
and personal implications with their peers, and (c) access
to more rigorous and rich lesson plans for teaching evo-
lution that include not only science but personal stories
regarding how the lessons arose, and what problems and
opportunities they created. The authors emphasized that
workshops on the most recent information about evolu-
tion and how to teach it may enhance science teachers’
confidence in teaching evolution.

Professional development impacts teacher perceptions
and actions in the classroom

Teachers’ attitudes directly impact their choices of what
and how they teach in their classrooms (Rutledge and
Mitchell 2002). Therefore, to impact curriculum and
pedagogical selections, interventions are needed that
positively impact teacher attitudes and confidence sur-
rounding topics perceived as contentious. Effective pro-
fessional development is a fundamental supporting tool
in science education (Loucks-Horsley 2003) that has
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become more necessary since implementing the Next
Generation Science Standards (2013). Although there are
limited studies on evolution-specific professional learn-
ing opportunities for K-12 teachers, the research suggests
that lasting, large-scale effects on teaching practices and
confidence are possible through effective professional
learning for teachers (Ha et al. 2015; Schrein et al. 2009).
In their study on evolution education interventions, Ha
et al. (2015) identified only seven existing studies, most
of which still needed to be replicated, all of which varied
widely in focus and approach. Despite the variety, each
of the studies demonstrated self-reported or measured
impacts on teacher confidence (Firenze 1997), knowledge
(Crawford et al. 2005; Firenze 1997; Nehm and Schonfeld
2007), enthusiasm (Firenze 1997), acceptance (Nadel-
son and Sinatra 2023; Southerland and Nadelson 2012),
or willingness to teach evolution (Nehm and Schonfeld
2007), although there was no consistency or homogene-
ity across the studies in those outcomes. What studies do
agree on is that professional development can positively
influence what and how teachers teach in their class-
rooms while providing ongoing content and pedagogical
support for effective instruction, feelings of self-efficacy,
and culturally relevant practices (Ha et al. 2015; Pobiner
2016).

Effective professional development for evolution requires
a multi-dimensional approach

Teachers and students face internal and external pressure
regarding the teaching and learning of evolution (Dotger
et al. 2010; Glaze and Goldston 2015; Glaze et al. 2015;
Pobiner 2016; Smith 2010a, b). One tool recommended
by a wide range of studies in evolution education is ongo-
ing professional learning that focuses on confidence, cul-
tural considerations, and content knowledge (Berkman
and Plutzer 2015; Glaze and Goldston 2015; Glaze et al.
2015; Hermann 2011; Pobiner 2016; Rutledge and Mitch-
ell 2002). According to Bertka et al. (2019), classrooms
must be structured in a way that approaches content and
allows teachers and students to acknowledge contro-
versy while including pedagogy to navigate the conflict
between elements of worldview and evolution. The call
for classroom experiences, teacher preparation, and pro-
fessional development that meets those needs is strong
(Crawford et al. 2005; Meadows 2009; Reiss 2009; Barnes
et al. 2017; Wiles 2014; Yasri and Mancy 2016). However,
evolution education researchers are only beginning to
make headway in applying these approaches to work with
students and teachers (Barnes et al. 2017; Bertka et al.
2019). In a study by Berkman and Plutzer (2012), more
than half of surveyed teachers actively taught evolution
using techniques they knew needed to be more robust in
addressing evolution with their students. Similarly, other
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studies have shown that teachers often approach evolu-
tion with misconceptions, inaccurate content, alterna-
tives to evolution, or avoiding teaching evolution for
various reasons (Glaze and Goldston 2015; Glaze et al.
2015; Pobiner 2016).

Teachers face difficulty looking beyond their per-
ceptions of conflict, confidence in content, peda-
gogical knowledge, incompatibility of beliefs, and
concerns. However, these concerns must be identified
and addressed to create meaningful learning experiences
(Sanders and Ngxola 2009). With challenges coming
from so many angles—teacher discomfort, low confidence
in content, feelings of non-support, lack of pedagogy to
address cultural/worldview conflict, and more—profes-
sional development that embraces multiple elements is
crucial.

Human evolution presents a unique approach

to personalizing evolution education in classrooms

While research on evolution education is steadily increas-
ing, the connection between humans and science is most
often needed, specifically our evolutionary history as a
species. Admittedly, human evolution represents one of
the most substantial hurdles for many when it comes to
evolution. As recently as 2019, 40% of polled individuals
believe that God created humans in their present form,
and 33% believe that Humans evolved with God guid-
ing their evolution (Evolution, Creationism, Intelligent
Design, 2019). Studies show that responses from confi-
dence in teaching to acceptance of evolution can demon-
strate a downward trend based on whether they discuss
human evolution or evolution among non-human organ-
isms (Pobiner 2016). While human evolution can repre-
sent a barrier to acceptance, it also represents a missed
opportunity to frame evolutionary study in a manner that
is both personal and connects us to science on a deeper
level.

In this study, professional development targeted a vari-
ety of teacher concerns and areas of need, building from
existing studies on teaching human evolution in K-12
settings. Included in the approach were content features
on teaching human evolution in K-12 settings (Pobiner
et al. 2018), using cladistics in support of evolution-
ary relationships and tree-thinking (Catley 2006; Wal-
ter et al. 2013), and addressing misconceptions and the
nature of science (Schilders et al. 2009; Martin-Hansen
2010). Open discourse space was created, and specific
attention was paid to exploring and discussing cultural
barriers, including religiosity, to focus on elements of
conflict and context (Bertka et al. 2019; Barnes et al.
2017; Oliveira et al. 2011) as well as approaches to miti-
gating and acknowledging conflict without teaching the
controversy (Bertka et al. 2019). Finally, the use of 3D
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models produced using 3D printing technology, viewed
as a new tool for scientific discovery when materials are
hard to come by or unavailable for a specific setting, was
employed to provide specific supports from which teach-
ers could approach human evolution through mediums
that strongly mimic the practices and processes of scien-
tists making discoveries in the field (Bayer and Luberda
2016; Drake and Pawlina 2014).

The Human Evolution Summer Teacher Workshop
(HESTW)
Evolution is considered a unifying concept in science. It
is a required component of the middle school curriculum
in the Next Generation Science Standards (NGSS Lead
States 2013). Unfortunately, teachers often fail to effec-
tively or accurately teach human evolution due to barri-
ers such as a lack of curricular support, lack of content
knowledge, not understanding the nature of science, or a
lack of confidence in teaching what they perceive to be
a controversial subject (Glaze and Goldston 2015; Glaze
et al. 2015). To prepare science teachers to integrate
human evolution into their instruction more effectively,
the authors of this study designed and implemented a
Human Evolution Professional Development Institute
hosted at a large research university in the Southeastern
United States. The institute was designed to address these
specific issues and obstacles as part of the workshop
design. Nineteen K-12 educators from the Southeastern
United States were chosen to attend the workshop. The
first of the three days was dedicated to providing the edu-
cators with a thorough background on paleontology and
paleoanthropology, both through a discussion of signifi-
cant discoveries made in both fields and a conversation
about the primary research in both fields, past and pre-
sent. The participants then had the opportunity to ask
questions of paleoanthropologists, paleontologists, and
anthropologists in person and virtually over Skype. By
the end of the first day, participants were provided with
the information that would inform the teaching of evolu-
tion, specifically human evolution, in their classrooms.
Additionally, during the first and second days of the
workshop, participants were introduced to 3D printing
as a potential strategy for teaching a concept as morpho-
logically-heavy as human evolution. The educators were
provided with a better understanding of what free digi-
tal resources are available (Morphosource, AfricanFos-
sils, the Human Evolution Teaching Materials Project,
and more) and their potential applications. They received
guidance on structuring lesson plans (aligned to state-
specific science standards) around open-source data.
They could experience firsthand the power of using 3D
prints in the classroom.
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During this time, the educators were given a tour of
a maker space, provided with the use of 3D printers to
make test prints and given access to over 45 full-size
hominin crania. They participated in a demonstration
lesson that utilized 3D-printed hominin mandibles. The
participants used all this information to develop their
lesson plans, which will be used by those educators in
their classrooms in the coming school year but will also
be made available to the public. By using open-source 3D
files as part of their lesson plans, teachers not only incor-
porated materials that were very up-to-date (with the
most recent of the 3D files being made available by the
Max Planck Institute in the Spring of that year), but they
were also able to present their students with the tangible
evidence of human evolution. Sharing evidence allows
students to conclude the theory of evolution is supported
by observing the fossilized evidence of adaptation and
natural selection instead of only being asked to believe
evolutionary theory as presented in their textbook.

During days two and three of the workshop, the issues
inherent to evolution education were addressed in vari-
ous ways. Direct instruction addressing the public evolu-
tion-religion “controversy” in the public arena and a panel
on the obstacles in the teaching of evolution allowed the
workshop participants to ask many questions and derive
real-world solutions to the problems that might arise
when they go to implement their newly-developed les-
son plans. The process focused both on theory and prac-
tical implementation. Educators were introduced to the
concept of religion and science as two different ways of
knowing (Gould 1997; Hermann 2012) that can both be
a part of a student’s worldview without existing in oppo-
sition to one another—viewing evolutionary theory and
religion as two equally valid “ways of knowing” provided
educators with a way to teach evolution that does not risk
dismantling any student’s way of seeing the world.

By directly addressing many previously-identified
obstacles in teaching evolution, we hoped to directly
impact the teacher’s perceptions of the teaching of evo-
lution and provide educators with the tools needed to
successfully implement human evolution into their exist-
ing science curricula. With this workshop being the first
of several evolution-focused teacher workshops in the
United States, we conducted this study to better address
educator needs and successfully provide the resources
and support required to overcome many obstacles in
teaching human evolution.

Methodology

This mixed-method study employed a combination of a
quantitative pre-test and post-test as well as qualitative
focus-group interviews of a selection of the workshop
participants.
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Sampling

The sample utilized in this study is a self-selected con-
venience sample. The HESTW Professional Develop-
ment opportunity was marketed via Twitter, Facebook,
and The University of Florida Thompson Earth Systems
Institute website, and teachers interested in attending
the event were asked to submit applications for consid-
eration. From the total group of applicants (81), a cohort
of 19 teachers was selected and all were able to attend.
The teachers were chosen based on their application
responses, with a goal of having a cohort that was as
geographically diverse as possible, with diversity across
demographics including gender, race/ethnicity, years
of teaching experience, and school type. The teachers
whose applications were selected for participation were
extended an invitation and provided with informed con-
sent documents and a request to participate in the study.

Participants

Participants were nineteen K-12 science educators from
the Southeastern United States, representing Florida,
Georgia, Alabama, Louisiana, and Mississippi. These
teachers ranged in age from 25 to 57 with an average age
of 38.5 years (median=38, mode=32), and were pri-
marily white and female (17/19 white, 2/19 black/Afri-
can American with no other race/ethnicity represented;
16/19 female, 3/19 male, with no other gender identi-
fied). Of the nineteen participants, nine taught solely in
secondary education (9-12th grades), six taught solely
in middle grades (4th—8th), and four taught across lev-
els. One of the latter four also taught teacher educa-
tors in an accredited program. Eighteen of the teachers
were public school teachers, with one teaching in a pri-
vate Catholic school. Among the public schools was the
representation of one magnet school, one rural Title 1
school, three developmental research schools, and one
primarily minority school. The educators also reported
a range of prior experiences with the implementation of
human evolution into their curriculum, with some teach-
ers having no previous experience and others previously
implementing some elements of human evolution into
their science curricula.

Instrumentation

Teachers’ Perceptions of Teaching Evolution Scale (TPTES)
The survey instrument consisted of 18 questions adapted
from the Teachers’ Perceptions of Teaching Evolution
Scale (TPTES) by Tekkaya et al. (2012) and one free-
response question added to allow participants to share
additional thoughts, concerns, or perceptions they felt
inclined to share. In this measure, the first 18 questions
were Likert scale questions with answers ranging includ-
ing ‘strongly disagree, ‘disagree; ‘agree, and ‘strongly
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agree! Those questions addressed three domains: teach-
ers’ perceptions of the necessity of addressing evolution
in their classrooms (seven items), teachers’ perceptions
of the factors that impede addressing evolution in their
classrooms (six items), and personal science teach-
ing efficacy beliefs regarding evolution (five items). The
Teachers’ Perceptions of Teaching Evolution Scale was
examined by domain and shown to have a Cronbach’s
alpha of 0.84, 0.63, and 0.68 aligned to the domains noted
above (Tekkaya et al. 2012). The authors note that two
of these values are in the low range, however, considera-
tion of having fewer than ten questions likely impacts the
measure, therefore, they performed a mean inter-item
correlation which resulted in scores of 0.22 for “percep-
tions of the factors that impede addressing evolution”
and 0.31 for “personal science teaching efficacy beliefs
regarding evolution” (Tekkaya et al. 2012). Since the
acceptable range of that analysis is between 0.2 and 0.4,
the authors suggest the measure is reliable (Pallant 2011).
This measure can be found in its entirety as deployed in
this study in Appendix A.

Human evolution summer teacher workshop focus group
interview protocol

The questions for the qualitative exploration were
derived from discussions around the body of research
on evolution education amongst the research team. The
team consists of two education professors with more
than three decades of experience in teacher education,
evolution education, measurement design, technology,
and curriculum, and two doctoral students in anthropol-
ogy with extensive human evolution content knowledge
plus several years of teaching experience at the university
level. While open-ended interviews lack construct valid-
ity, it is posited that interviews are reliable and valid when
they are credible, authentic, critical, and uphold integrity
(Whittemore et al. 2001). Based on a critical dissection of
potential questions, the selected questions were deemed
relevant to the issue of teaching evolution; provided
space for the participants to voice free-flowing, thought-
ful responses; and questions aligned to critical areas of
exploration in the literature. Both co-investigators uti-
lized the questions in the focus group sessions following
the workshop to provide structure and focus to critical
issues from the existing body of knowledge and increase
the credibility of the interview process. The protocol for
the focus group interviews is provided in Appendix B.

Procedures

A week before the workshop, participants completed
a pre-test of the Teachers’ Perceptions of Teaching Evo-
lution Scale adapted from Tekkaya et al. (2012). The
results of this pre-test were used to place a selection of
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the participants into two focus groups (each consisting
of six participants) to achieve the most diversity in pre-
vious knowledge of human evolution, previous experi-
ence implementing evolution, and diversity in age and
sex. Upon the workshop’s conclusion, the nineteen par-
ticipants were asked to complete the same survey again
as a post-test. The participants were then divided into
two focus groups and interviewed by different co-inves-
tigators using the HESTW interview protocol. Each of
the semi-structured interviews lasted approximately one
hour.

Data analysis

For analysis of quantitative data, a series of repeated
measures ANOVA tests were conducted to explore the
changes in teachers’ perceptions of teaching evolution
between the pre-test and post-test of the Teachers’ Per-
ceptions of Teaching Evolution Scale. Data met independ-
ent, normality, and sphericity assumptions, indicating
reliable analysis.

Qualitative coding techniques were then used to ana-
lyze HESTW participants’ personal experiences with
human evolution before and after participating in the
workshop. Before coding, twelve HESTW participants
were split into two groups of six educators based on this
diverse experience with human evolution in the class-
room and K-12 teaching grade level and school type (i.e.,
private, public, title one) and systematically interviewed.
All interview responses were transcribed verbatim from
audio recordings and made accessible to researchers with
the names of HESTW interviewees replaced to estab-
lish anonymity and reduce potential biases. Data were
analyzed in three rounds of coding as an iterative pro-
cess to reveal strong themes amongst the responses. All
transcribed data were stored and examined on the online
qualitative data analysis and scientific research software
ATLAS.ti Cloud.

To qualitatively analyze these results, two researchers
coded both sets of response data independently to aggre-
gate a datum of codes using both descriptive and in vivo
processing (Saldana 2009). An initial coding round cre-
ated 782 code tags with 374 associated comments added
to support the generation of distinguishable code and
help reduce ambiguity. During a second coding round,
the saturation of coded data was scrutinized, and emerg-
ing commonalities in both sets of coded data were identi-
fied. Detailed notes were recorded in the memo manager
of ATLAS.ti Cloud by both researchers for comparison of
updated codes, categories, and emergent themes. From
that point, all researchers met to discuss their indepen-
dently coded data and reveal thematic trends by reconcil-
ing, verifying, and distilling code until a consensus was
reached.
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Findings

Quantitative study

A repeated measures ANOVA with Measure 1 “teachers’
perceptions of the necessity of addressing evolution in
their classrooms” as the dependent variable revealed that
teacher’s perceptions regarding the necessity of address-
ing evolution in their classrooms significantly improved
from pre to post-test (F, ;3=9.94, p <006, #°=0.36). Spe-
cifically, teachers’ perceptions regarding the necessity of
addressing evolution in their classrooms improved from
M,,,=32.37, SD,,,=1.98 to M,,,,=33.84, SD,,,,=1.68. A
partial eta squared value indicates a large effect size.

A repeated measures ANOVA with Measure 2 “teach-
ers’ perceptions of the factors that impede addressing
evolution in their classrooms” as the dependent variable
demonstrated that teachers’ perceptions regarding the
factors that impede addressing evolution in their class-
rooms did not significantly change from pre to post-test,
but the differences approached significance (F; ;3=3.91,
p=06, #?=0.18). Specifically, teachers’ perceptions
regarding the factors that impede addressing evolution in
their classrooms changed from M,,,=24.84, SD,,,=3.23
to M,,,,=26.26, SD,,,,=2.13.

A repeated measures ANOVA with Measure 3 “per-
sonal science teaching efficacy beliefs regarding evolu-
tion” as the dependent variable revealed that teacher’s
perceptions regarding personal science teaching effi-
cacy beliefs regarding evolution significantly improved
from pre to post-test (F;;,=16.01, p<001, 7’ =0.47).
Specifically, teachers’ perceptions regarding personal
science teaching efficacy beliefs regarding evolution
improved from M,,,=18.21, SD,,,=2.90 to M,,,,=20.68,

ost

8D, =149. A partial eta squared value indicates a large
effect size.

Qualitative study

When analyzing the focus group interviews, the teacher
responses could be broken down into three main cat-
egories: student-centered responses, teacher-centered
responses, and content-centered responses. These are
the three areas of primary concern when considering
implementing human evolution education in the science
classroom.

The teachers in our workshop had responses that
focused primarily on what previous knowledge students
would come to class with and a desire for students to
leave their classes being scientifically literate. Student-
centered responses included considerations about stu-
dent interactions in the classroom, specific concerns
about what background knowledge they would bring
into conversations about evolution, and the best ways to
engage with them with potentially polarizing topics. The
teachers acknowledged that their students might come
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in with varying amounts of background knowledge on
the topic of evolution (or more specifically, human evo-
lution), both since it is a topic that is often brought into
the realm of popular culture and also because there are
not consistent standards addressing evolution in school
across the United States. Regardless of what background
information the students came in with, one unifying con-
cept echoed by many teachers was a desire for their stu-
dents to leave school as scientifically literate members of
society. One teacher remarked:

Our ultimate goal is to have them be citizens that
are educated enough to vote one way or another on
certain items, and we want them to be able to have
that literacy to walk in and make the conscious
choice that is educated and not just what they see on
TV [or] that is thrown at them by way of the media.
We want them to have their thought process. Be lit-
erate enough to determine what that might be.

Another concept that several teachers echoed was the
desire to have the classroom be a ’safe space, especially
when discussing potentially charged topics such as evo-
lution and human origins. This was deemed essential to
having an open and honest dialogue and addressing top-
ics that might polarize some communities. One teacher
emphasized, “If they want to share, and they want to have
a class discussion, then I would always facilitate it, but
never shut it down, like, ever. If they are not going to have
it in that safe space that I created in my classroom, where
are they going to have it, you know?”.

The next category of responses was teacher-centered
responses. Teacher-centered responses included reflec-
tions about the demands associated with a career in
education, the relationship between teachers and their
administrators, obstacles in teaching human evolution,
issues surrounding accessibility, and teacher autonomy in
the classroom. The teachers in this professional develop-
ment workshop acknowledged that evolution needs to be
taught consistently in K-12 science classrooms. Although
evolution is part of the NGSS standards (e.g., HS-LS4-1
through HS-LS4-5), only 20 states have adopted NGSS
standards (NGSS 2013), and none of those states are
in the Southeastern United States. Evolution may be
included in the standards utilized by those other states.
However, this does lead to major inconsistencies in how
evolution is incorporated into the science curriculum.

Furthermore, teachers from the focus group also men-
tioned that administrator support was one major con-
sideration in incorporating human evolution into the
existing science curriculum. Teachers reflected that the
degree to which they are given autonomy to create and
structure their lesson plans, pursue professional devel-
opment workshops in more niche topics such as human
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evolution, and incorporate non-traditional learning
materials like 3D prints into their lesson plans impacts
their ability to teach topics that may not necessarily be
covered in depth by their state standards. To many teach-
ers, administrator support is a looming factor in incorpo-
rating human evolution lesson plans into existing science
curricula.

Many teachers reflected as well on their comfort level
in teaching evolution. It was a common trend in the focus
group interviews to hear a teacher mention that they had
previously felt uncomfortable addressing a subject area
like evolution. One teacher remarked, “It is not a topic
that we see at professional development workshops...
I think that lack of knowledge prevents us from want-
ing... to get out of your comfort zone—not wanting to
have your kids ask questions that you will not know the
answer to, so—I usually went the other route”

Teachers who already taught evolution mentioned that
they stuck to classic examples of adaptation and change
over time, such as Darwin’s finches and salt-and-pepper
moths, and purposely avoided incorporating examples
from human evolution to avoid the risk of making stu-
dents or their parents uncomfortable. Additionally, many
teachers reported feeling they needed more mastery of
the topic of human evolution, and for that reason, they
decided to rely on more common examples of evolution-
ary theory.

It is not just their discomfort with the material that the
teachers identified as one of the significant limitations
surrounding the implementation of teaching human evo-
lution in K-12 classrooms. Other significant limitations
mentioned in the focus-group interviews included lim-
ited materials, outdated resources, limited support from
schools and administrators to support learning about
human evolution, as well as the need for more profes-
sional development opportunities that included infor-
mation on human evolution. One teacher remarked,
“Materials are the problem. I did not have the materials”

Another major disconnect noted by the teachers was
the lack of accessibility between teachers who teach sci-
ence and scientists actively doing scientific research.
Especially in a field like paleoanthropology, where every
discovery changes our understanding of our human ori-
gin story, teachers want more direct access to the sci-
entists to be able to adapt their curriculum in real-time
as these changes are made. One teacher noted, “I liked
being able to interact with people in the ivory tower,
doing real science. The fact that we have been able to
talk with you guys, see what you are doing, and consult
with your expertise really grounds everything” Addition-
ally, when so much of human origins is reliant on the
analysis of fossil materials, teachers in this professional
development workshop voiced their desire to have these
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fossil discoveries made accessible to them, either through
open-source 3D files or publications that are not stuck
behind a paywall.

The final category represented the content-centered
responses. Content-centered responses included frustra-
tion at the common misconceptions about our human
origin story and a discussion of the many benefits of
including human evolution in the science curriculum.
Many teachers acknowledged the misconceptions stu-
dents commonly have surrounding evolution/human
evolution. One teacher remarked, “I will always address
the misconception that chimps turned into monkeys.

Many teachers noted that correcting these misconcep-
tions is integral to K-12 science education. Additionally,
many teachers remarked that after getting to experience
some lesson plans that addressed human evolution, they
found the curricula to be interactive, fun, personal, and
inclusive. The fact that human evolution is our collec-
tive origin story made many teachers perceive lessons
that included this material to be particularly inclusive
and unifying in an increasingly divisive time. One teacher
remarked, “When things are so polarized, this brings
us together as one species”” It was agreed, however, that
there were many different ways in which this specific
content could be presented and that this would allow
teachers to approach the topic with variations in the style
and manner in which it is addressed. These variations
included using various media such as 3D prints, 3D pdfs,
podcasts, videos, journal articles, interviews with scien-
tists, and museum visits.

Summary

As demonstrated by both the qualitative and quantitative
data, the Human Evolution Summer Teacher Workshop
had a significant impact on the teachers in attendance. Of
the three target factors included in the pre-test/post-test
measure, two measures (Measures 1 and 3) show signifi-
cant improvements by the end of the teacher workshop:
teachers’ perceptions of the necessity of addressing evo-
lution in their classrooms (seven items) and personal
science teaching efficacy beliefs regarding evolution
(five items). The remaining measure [Measure 2- teach-
ers’ perceptions of the factors that impede addressing
evolution in their classrooms (six items)] approached
significance.

A significant improvement in Measure 1 indicates that
teachers left the workshop feeling like human evolution
was a more important topic to cover in their curriculum
than was previously considered. They were more willing
to incorporate materials on evolution in their curricula
and attend evolution-centered professional development
after the HESTW PD. They reported stronger beliefs
that the inadequacy of students’ backgrounds regarding
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evolution needs to be addressed and that the incor-
poration of evolution into science/biology classes will
increase students’ interest in science. They also identified
that teaching evolution was worth their time and effort.

There was also a significant improvement in Measure 3:
teachers’ perceptions of the factors that impede address-
ing evolution in their classrooms. This measure assessed
educator confidence in teaching topics pertaining to evo-
lution. By the end of the workshop, teachers felt more
confident in their ability to teach evolution and more
knowledgeable about various teaching strategies to deal
with evolution in science/biology classes. They also felt as
though they have the knowledge necessary to effectively
teach about human evolution to their students. This came
from feeling as though they sufficiently understand what
evolution is and have confidence in developing teaching
and learning materials about evolution by the end of the
workshop. Interestingly, the variability in the responses
decreased and means significantly improved from the
pre-test to the post-test.

Although Measure 2 only approached significance,
it still yielded some interesting results. This measure
assessed teachers’ perceptions of the factors that impede
addressing evolution in their classrooms. It asked teach-
ers to consider whether or not students are mature
enough to be interested in and understand evolution and
whether or not classes dealing with evolution are most
likely to be aimed at high-achieving students only. It also
asked them to gauge perceived student interest and con-
sider if it could confuse them about their own values.
Although teachers’ views on these matters did not change
significantly from the pretest to the post-test, one inter-
esting pattern did emerge. For this measure, the standard
deviations are very high for the pre-test and much lower
for the post-test. This indicated that there was much
more variability in teachers’ responses on the pre-test
than on the post-test. Although the teacher responses
did not change significantly from the pre-test to the post-
test, their responses were more consistent within the
entire group after the conclusion of the workshop.

The focus group interviews allowed us to hear more
in-depth feedback from the teachers regarding their
experience at the workshop. When discussing evolu-
tion education, teachers expressed their concerns and
opinions in three main categories: student-centered
responses, teacher-centered responses, and content-cen-
tered responses. In order for a teacher to feel confident
incorporating evolution into their curriculum, they need
to feel comfortable with their own background knowl-
edge and abilities in teaching the subject material, be able
to meet the needs of their students (not just from an edu-
cational standpoint but also in terms of their wellbeing,
spiritual life, home life, etc.), and have sufficient support
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in creating their lesson materials. It is clear through their
responses that evolution education that does not address
all three of these needs will fall short. Providing educa-
tors with an evolution curriculum without offering them
support (as well as a way to support their students) is
ineffective.

One unexpected observation made by many participat-
ing educators is their belief that the teaching of human
evolution specifically has the capacity to bring students
together in an increasingly divided world. The idea that
our human origin story is inherently more personal than
other anecdotes more traditionally used to teach evolu-
tion makes it an attractive element to add to the existing
science curriculum. When combined with the storytell-
ing nature of many of the paleoanthropological discov-
ery stories and the occasional opportunity to connect
directly with the scientists and researchers responsible
for these fantastic finds, the teachers agreed that human
evolution can be an extremely exciting and engaging sub-
ject area for students of all ages.

Discussion

The findings of this study suggest that there is much that
can be done to impact teacher confidence, efficacy, and
approaches to teaching evolution. In regards to chang-
ing perceptions from before and after participating in the
HESTW program, we found that similar to Rutledge and
Mitchell (2002) that engaging more with the concepts
does positively impact teacher perceptions of the impor-
tance of teaching evolution, suggesting more willingness
to include this material in classrooms. Efficacy was also a
factor that was impacted by the experience, demonstrat-
ing that professional learning positively impacts teachers’
perceptions of their ability to accurately and confidently
teach evolution (Alters and Nelson 2002; Asghar et al.
2007).

While improvements occured in teacher thinking
regarding their efficacy and the need for evolution to
be taught, the factors teachers perceived as impeding
their teaching remained relatively consistent and closely
mirrored those identified in other evolution education
studies. In this study, common themes emerged from
the teachers surrounding their expectations of the vary-
ing backgrounds, knowledge, and beliefs their students
would bring to the classroom (Bertka et al. 2019). Despite
concerns about the variability of knowledge and expecta-
tions of their students, teacher perceptions in this study
aligned closely with those by both Bertka et al. (2019)
and Barnes et al. (2017) in that they also perceived open
dialogue and acknowledging those variations are key to
teaching evolution in general, and especially human evo-
lution (Hermann 2008; Miller-Lane et al. 2006). Teach-
ers in this study expressed feeling external pressures
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surrounding their teaching of evolution much like those
found in other studies. Those perceptions included the
importance of being given autonomy by their adminis-
trators to make choices about their classrooms (Rutledge
and Mitchell 2002) and reflection on how negative pres-
sures from administration (Glaze and Goldston 2015;
Glaze et al. 2015; Pobiner 2016) and lack of support for
teaching evolution in the state standards, as none of the
states in the Southeastern United States adopted the
NGSS standards (2013).

Content knowledge is certainly of importance despite
not always having a direct impact on acceptance of
evolution (Glaze and Goldston 2019) and plays a criti-
cal role in building confidence for teachers to approach
evolution in their classrooms (Glaze and Goldston 2015;
Glaze et al. 2015; Griffith and Brem 2004). At the same
time, research shows that content knowledge alone is not
enough (Bertka et al. 2019) and teachers are in dire need
of a range of supports to enable them to teach human
evolution in the classroom (Barnes et al. 2017; Glaze and
Goldston 2015; Glaze et al. 2015). Teachers in this study
focused on critical areas of need that have been expressed
in other seminal studies on evolution teaching and learn-
ing including frustration with the breadth of misconcep-
tions about evolution and human evolution (McComas
1997; Gregory 2009) and a desire to have more than just
traditional examples to address concepts in the classroom
(Glaze and Goldston 2015; Glaze et al. 2015, 2019). Along
that line, while there are tons of resources that are avail-
able, teachers felt they had minimal support to actually
implement what they do have or were left to supplement
outdated resources provided in their school settings,
confirming Chiappetta and Koballa’s (2002) concern that
textbooks, although seen as an authority in the classroom
setting, are not as robust and up-to-date as they need to
be to adequately teach topics such as evolution.

Teachers in the HESTW program left with the view
that teaching evolution through human evolution lenses
is a more inclusive and personal view for students (Berk-
man and Plutzer 2012) and that addressing misconcep-
tions about human evolution is critically important
(Schilders et al. 2009; Martin-Hansen 2010). Further-
more, they felt connected to the scientists that engaged in
the program in such a way that they specifically noted the
need for deeper connection between what is happening
in science and the teaching of that science in the class-
room. The connection between field science and class-
room learning ties directly to the nature of science (NOS)
which also circles back to addressing misconceptions and
engaging students in scientific thinking and process skills
(Glaze and Goldston 2015; Glaze et al. 2015; Bartos and
Lederman 2014; Bayer and Luberda 2016; NGSS 2013).
Finally, teachers are strongly aware of the importance of
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professional development in their growth and efficacy
as educators (Loucks-Horsley 2003) and benefit strongly
from modeling, whether that be processes of science,
acknowledging controversy, or engaging with new infor-
mation (Bertka et al. 2019; Ha et al. 2015; Schrein et al.
2009; Pobiner 2016).

Conclusion

The teaching and learning of evolution continues to be
a strong focus of science education research due to the
robust nature of evolution as the unifying theory in biol-
ogy and the perceptions of controversy that persist in the
public. Professional learning targeted to meet teachers
where they are while also building confidence, content
knowledge, and pedagogy for their unique teaching con-
texts is one approach impacting whether and how evo-
lution is taught in K-12 classrooms. Integrating elements
of human evolutionary studies engages students in their
placement in the tree of life. Additionally, human evo-
lution is a topic about which many have questions that
often need to be addressed due to the absence of human
focus from most evolution-based teaching standards and
cultural considerations that enter from outside the class-
room. The Human Evolution Teaching Materials Pro-
ject and subsequent Human Evolution Summer Teacher
Workshop combined various approaches to address con-
tent understanding, the nature of science, ways of know-
ing, and hands-on learning to support and empower
teachers to teach evolution in their classrooms with accu-
racy and confidence.

Researchers must continue exploring ways to approach
teacher preparation relative to evolution for various rea-
sons. First, teachers have the autonomy and authority in
their classrooms to select what and how to teach within
reason. Those teachers who are comfortable with their
ability to mitigate conflict their students might perceive
are more likely to teach evolution. Second, teacher con-
tent training is critical to ensure that when evolution is
taught, the information is accurate. Many programs do
not specifically have courses on evolution even though
it is so ingrained in life sciences; targeting this content
area ensures that those connections are made throughout
life science education at the K-12 levels. Third, evolution
is a topic that defies traditional relationships between
knowing and accepting, as research exploring correla-
tions between knowledge and acceptance demonstrates
that a person can have high knowledge with low accept-
ance or low knowledge with high acceptance, as well as
all the interactions between. As such, teachers must be
trained in the specific pedagogical approaches that not
only represent the nature and practice of science, but that
support them—and, by extension, their students—in navi-
gating social, cultural, and other elements that give rise



Selba et al. Evolution: Education and Outreach (2024) 17:5

to confusion and conflict. Finally, integrating human evo-
lution brings the conversation to a more personal level
for students in looking at how we fit as a species in the
larger picture of biodiversity. By studying human evolu-
tion specifically, students can learn that humans are not
the exception to the rules of evolution, but instead are
governed by them in the same way: the way that applies
to all animals.

Limitations

There were several limitations of this study, including the
small number of teachers involved in the professional
development and the inability to represent the teacher
population regarding gender, diversity, and background.
Additionally, the teachers involved in this professional
development workshop each applied to attend. Hence,
it was inherently a group of teachers that self-selected
to be involved and thus would not be representative of
the range of perspectives and levels of acceptance found
across classroom teachers around the nation. Had this
professional development involved a larger and more
representative group of teachers (especially those who
did not have a pre-existing desire to incorporate human
evolution into their existing science curriculum), the
results of the pre/post-survey and focus group interviews
may have vastly been different.

Implications for science teacher education & professional
learning

Science teacher education has a broad range of topics to
address to ensure that pre-service teachers have effec-
tive content and pedagogical skills, making it difficult
to adequately address subject-specific strategies dur-
ing pre-certification training. The broad range of topics
covered by science teachers also lends itself well to the
incorporation of human origins in the curriculum, since
the study of human evolution is inherently multidiscipli-
nary. However, our study demonstrates that professional
development provides the ability to target teachers who
specifically address evolution in their classrooms while
creating a community for shared learning. The focus
of professional development on specific content areas
where teachers need support and the ability to discuss
shared experiences and concerns mean a greater oppor-
tunity to positively impact teaching practice and student
outcomes.

Suggestions for further study

History demonstrates that there are no one-size-fits-all
approaches to the successful teaching of evolution due
to the nature of the topic and the wide range of divisive
angles that arise when the topic is mentioned. We know
that more than just sharing evidence is needed to enact
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conceptual change and understand where that percep-
tion of conflict is present. We also recognize that at
times, controversy can be inherent to the scientific pro-
cess, such as among various naturalistic causal models of
gene-culture coevolution. Therefore, ongoing research is
needed to develop and assess the impact of approaches
that target the needs of teachers as they learn to navi-
gate a diverse array of student belief systems and cultural
practices, as well as the historical conflicts that surround
evolution in different parts of the United States and
around the world. To do so, we must continue to strive
to understand the nature of the issue in different places
and among different groups of people. We must also do
so with unified measures that allow more substantial gen-
eralizations and comparisons among and across these
groups than what we have been able to do in the past. As
we establish those baseline understandings, a wide range
of approaches that integrate the needs of these groups
must be developed and studied.

The field of evolution education research now hosts
an array of data supporting the use of approaches such
as culturally responsive strategies, targeting the nature
of science, and modeling the ways of knowing to encour-
age us to keep exploring. We must build on those foun-
dations to determine whether such approaches support
teachers across place-based and other boundaries and
whether those changes, once implemented in the class-
room, positively impact student outcomes. The authors
hope to see the application of this and similar projects
to a more diverse representation of teachers, including
those outside of the region, those teaching a variety of
levels of students (both grade and rigor), those teaching
across the many disciplines and subject areas that inform
modern human evolutionary sciences, and those who
do not immediately have interest in teaching evolution,
much less human evolution. Each of these areas repre-
sents gaps where there is still much to learn to positively
change the teaching and learning of evolution and public
perceptions of evolution and science.

Appendix A

Human evolution summer teacher workshop focus
group interview protocol

1. Why is evolution important to address in the K-12
science curriculum?

2. What is the role of human evolution in the K-12 sci-
ence curriculum? Do you address human evolution
in your own teaching?
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3. What are some challenges associated with teaching
evolution in K-12?

4. What was the most relevant or interesting aspect of
this workshop to you?

5. To what extent do you discuss your students’ per-
sonal views on evolution with your students?

6. Does your school require parental consent to discuss
evolution in the science classroom? Are there any
formal or informal mechanisms for this?

7. What do you think students will gain, if anything,
from the inclusion of human evolution into K-12 sci-
ence curriculum?

8. What, if any, supports does your school/district pro-
vide to support the implementation of evolution (or
more specifically human evolution) in your science
curriculum?

Appendix B

Participant data and analysis

De-identified participant data from the HESTW project
can be explored at this link https://docs.google.com/sprea
dsheets/d/1CTqRS_urwE_ReMXJEtV3gQn94GIbI5GR/
edit?usp=sharing&ouid=105952734616987473749&
rtpof=true&sd=true.
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