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Abstract

Evolution is one of the most controversial scientific issues among the general
public worldwide, mainly because of the presumed conflict between religion and
evolution. This conflict also arises in school biology classes, where students’
acceptance of evolution decreases as their religiosity increases. As many teachers in
Israel avoided teaching evolution before it became an obligatory subject, I was
interested in understanding whether the conflict regarding evolution is also relevant
among the Jewish population in Israel since the implementation of evolution as
obligatory subject in the curriculum. I found that teachers encounter religious based
opposition to evolution among all sectors, especially among religious and traditional
schools, which aligns with the low acceptance of evolution among Israeli high school
religious and traditional students, relatively to secular students. However, I found no
significant difference between sectors in the scores of matriculation exam questions of
evolution, similarly to previous studies that found that knowledge of evolution
doesn’t necessarily increase its acceptance.

In order to examine ways of approaching this opposition, a unique population of
religious teachers and scientists who study and teach evolution, was interviewed
regarding their conception of the conflict, as they express the possible co-existence
between religion and science. I found that among this population, both religion and
science are compatible, and both are important parts of their lives. Religious teachers
and scientists who rejected evolution in the past, eventually accepted it after they were
exposed to religious explanations that emphasized the compatibility between religion
and evolution. However, should discussing students’ religious faith be the role of a
science teacher?

This question was presented to teachers and scientists, and I found that most
participating teachers are willing to relate to students’ religious faith in a science
class, emphasizing the students’ need to relate to their inner world to enable
meaningful learning. While most participating scientists rejected the idea,
emphasizing the importance of separating science from religion. Based on their
experience, religious teachers and scientists offered different practices on how
teachers can relate to religion in a science class, yet they emphasized the limitations
and challenges of doing so, which are very important to consider when designing
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educational programs regarding the issue. This research’s findings demonstrate that
the need to relate to students’ religious faith is coming from the field, and as many
times teachers answer students’ religious arguments with scientific explanations,
teachers should be supplied with knowledge and tools regarding how they can answer
students’ religious based opposition to evolution. Therefore, based on this research
findings, two implication programs were developed: a professional development
course and an introductory lesson to evolution, both were shown to have a positive
effect.

My research adds to the global interest in evolution education by shedding light
on this topic in a Jewish population, which has been little studied. In addition, the
research is offering teachers the opportunity to relate to students’ religious opposition
with sensitivity, and in doing so, potentially promote their students’ positive
perspective of science, thereby enhancing evolution and science education for all.

10



1. Introduction

One of the identity theories proposes that individuals construct a sense of self
partly through the categorization of themselves and others as in-group (i,e., belonging
to the same group) or out-group (belonging to different groups) (Stets & Burke,
2000). Individuals will notice similarities and differences between groups of people,
and those groups that they see as more similar to themselves will be categorized as in-
group while those who are dissimilar as out-group.

Considering that religiosity is usually an important part of personal identity of
religious people, and the presumed common notion that to accept evolution one must
become an atheist (Lyons 2010), it is likely that if religious affiliated people perceive
evolution as a belief that belongs to non-religious or “atheists” - which are out-group
members- they are likely to leave out evolution as part of their belief system and
identity. This theory may explain the wide dimensions of rejection of evolution
around the world (Miller et al., 2006), even though theological solutions to the
presumed conflict can be found in many religions (Zimmerman, 2018). Below is a
review of the literature which discusses this phenomenon, toward defining the goals

of this research.

Evolution education around the world

"Nothing in biology makes sense except in the light of evolution”, stated the
evolutionary biologist Theodosius Dobzhansky in an essay that was published in 1973
(Dobzhansky, 1973). According to the National Science Teachers Association
(NSTA), evolution is a major unifying concept in science and should be emphasized
in K-12 science education frameworks and curricula. Evolution has been
recommended to be integrated throughout the undergraduate biology curriculum
(AAAS, 2011), and Furthermore, knowing evolution is an important component of
scientific literacy needed by well-informed citizens and for those prepared for college
and STEM careers (NSTA, 2013).

Each citizen has to understand the importance of evolution-related subjects that
relates to everyday life. Biological evolution provides an effective explanation of why
animal testing of human products makes sense, how bacteria become resistant to

antibiotics, the transfer of diseases between species, and many more. Thus, not
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accepting biological evolution limits the ability of people to make informed decisions
about a wide range of phenomena many of which have personal ramifications.
(Nadelson & Hardy, 2015). Citizens who don’t accept evolution may not be able to
fully appreciate the complex connections of all organisms on Earth and thus the extent
to which the extinction of one species, or the pollution of one environment, which
might affect both biodiversity and global human health (Barnes, 2014).

Nevertheless, rejection of evolution is a broad phenomenon around the world. In
a survey of 34 countries, public acceptance of evolution was examined by whether the
public agree or reject the statement “Human beings, as we know them, developed
from earlier species of animals”. Public rejection of that statement was found to be
lower in Europe than in other parts of the world, such as Turkey, the United States or
Cyprus (Miller et al., 2006). Over 30 years of public polls show that consistently,
approximately half of the Americans reject evolution (Gallup, 2017). Due to anti-
evolution propaganda in Turkey, evolution was not included in that country's
curriculum (Mugaloglu, 2018). A study conducted in several Muslim countries
revealed acceptance of evolution at between 8% in Egypt and 40% in Kazakhstan
(Hameed, 2008).

Researchers describe the rejection across different populations, even among
biology students and teachers. Up to 50% of undergraduate students in introductory
biology classes can reject important aspects of evolution (Rice et al., 2011). Even
among high school biology teachers, rejection rates can reach up to 33% (Moore &
Kraemer, 2005; Rice et al., 2011). Approximately half of students at a large research
university did not accept that evolution could occur without the intervention of an
intelligent designer (Brem et al., 2003). Among junior- and senior-high school
biology majors, one study identified that 28% did not accept that life on Earth shares a
common ancestor (Ingram & Nelson, 2006). Most of the global research among
students was done among Christian and Muslim population, while the Jewish student
population was hardly studied.

The public controversy regarding evolution and religion has been raised several
times in courts of law in the United States; in 2005, the federal court decided that
intelligent design is religious in nature and cannot be taught in public schools’ science
classrooms (Plutzer et al., 2020). Nevertheless, a national survey of American biology

teachers in 2007 found that 13% of them explicitly advocate creationism or intelligent
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design by spending at least 1 hour of class time presenting it in a positive light
(Berkman & Plutzer, 2011). However, a more recent study in the United States
showed a trend in the last 10 years toward dedicating more time to teaching evolution,
together with a decrease in the number of teachers who emphasise intelligent design
as a valid scientific explanation (Plutzer et al., 2020). This is an important and
positive change, but it begs the question: does this change also indicate an increase in
students’ acceptance of evolution? To discuss this question, I will review the factors

that could potentially influence the acceptance of evolution.

Factors influencing the acceptance of evolution

Student acceptance of evolution is defined as the extent to which a student is
confident that evolution is the best scientific explanation for the diversity of life
(Barnes & Brownell, 2016). Researchers found different factors that may interfere
with the acceptance of evolution among students, teachers, and the general
population. Barnes (2014) divided these difficulties into two types:

(1) Cognitive factors
Evolution education researchers have documented numerus misconceptions in
different populations, from middle school students to college undergraduates and
preservice teachers. Research indicates that students conflating mutation with
adaptation, conflating species adaptation with individual adaptation and have
difficulty in understanding processes that are abstract and require understanding of
large time scales (Bishop & Anderson, 1990; Brumby, 1984; Dodick & Orion, 2003;
Ferrari & Chi, 1998). Research has shown that some of these misconceptions stem
from an essentialist perception of biological entities that leads individuals to devalue
the prevalence and persistence of within-species variation, and, thus failing to
understand any mechanism of evolution that operates over such variation (Shtulman
& Schulz, 2008). Because of the complexity of biological evolution, people are likely
to be challenged to understand the process, which may influence their levels of
evolution acceptance (Nadelson & Hardy, 2015).

A few studies have found weak relationships between acceptance and
understanding of evolution (Cavallo & McCall, 2008; Deniz, Donnelly, & Yilmaz,
2008; Shtulman & Calabi, 2008). Most studies have shown that students do not show
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a statistically significant increase in their acceptance of evolution scores after being
taught about evolution (Short & Hawley, 2015; Walter et al., 2013). Among teachers
and preservice teachers, no correlation was found between their knowledge of
evolution and its acceptance (Nehm et al., 2009). BouJaoude et al. (2011) found that
Muslim students in Egypt (where evolution is included in the high-school curriculum)
reject the theory. On the other hand, in Lebanon (where evolution is not included in
the high-school curriculum), Lebanese Christian and Druze students accept it more
readily. Therefore, inclusion of evolution in the curriculum does not seem to alter
students’ acceptance of the theory (BouJaoude, 2018).

(2) Cultural factors

The main cultural factor that is relevant to our discussion is religious culture.
“Religious culture” is defined as "The sociocultural norms related to religion.
Religious cultural norms can include shared values, attitudes, traditions, holidays,
and celebrations”. “Religious beliefs” can be defined as "the specific beliefs one holds
about the existence and influence of a deity, and being “religious” as having faithful
devotion to an acknowledged ultimate reality or deity” (Merriam-Webster, 2018).

Students’ religious beliefs have been shown to be the main factor predicting
whether they will accept evolution (Truong et al., 2018; Unsworth & Voas 2018). The
notion that to accept evolution one must become an atheist is the most threatening
aspect to the learning of evolution (Lyons 2010). Many researchers found that as
religiosity increases, acceptance of evolution decreases (Allmon, 2011; Alters &
Nelson, 2002; Barnes & Brownell, 2017; Eve et al., 2010; Winslow et al., 2011),
although recently Barnes et al. (2021) demonstrated that students’ perceived conflict
between religion and evolution is a better predictor of acceptance than religiosity or
understanding.

Studies have suggested that students’ rejection of evolution and their feelings
of exclusion in the biology classroom are, in part, the result of cultural differences
between mostly secular instructors and mostly religious students (Barnes & Brownell,
2016; Hermann, 2012; Southerland & Scharmann, 2013). Academic science has a
disproportionately large number of people raised with no religion, potentially
producing many more people who do not believe in God (Ecklund & Schitle 2014).
Evolutionary biologists have the lowest rates of religiosity among any discipline ever
polled, with 4.7% who report being theists or deists (Graffin & Provine, 2007).

14



However, the rates of religiosity among evolutionary biologists and the general US
population are highly disparate, with 67% of Americans believing in some kind of
religion (Gallup, 2017). These studies present the phenomenon that most of the
participants scientists are non-religious, but it is important to note there is a minority
among scientists who has some religious affinity: how do they settle between the
presumably contradictory domains: science and religion? This is an open question and
understanding religious scientists’ perception will be part of this research objectives.

Whereas the public struggles with how to situate their religious beliefs with
claims of evolutionary theory, many biologists are unlikely to experience the same
struggle (Alters & Nelson, 2002). Many instructors hold the personal belief that
evolution and religion must be in conflict; some of them teach evolution as
fundamentally atheistic and even make disparaging remarks about religion during
class (Barnes & Brownell, 2016). Many religious students also assumed that most
biology instructors were not religious and did not know of scientist role models who
reflected their own religious identity and accept evolution (Barnes et al., 2017).
Observing this phenomenon through the lens of the identity theory that was presented
above (Stets & Burke, 2000) emphasize the different separate groups: atheists people
who accept evolution, and religious people who reject evolution. When instructors did
not acknowledge students’ religious beliefs, the religious students in the class felt left
out. That way, the students may decide biology and their religious value systems are
incomparable (Hermann, 2012). When religious students are required to learn
evolution, they may get the impression that the teacher wants to change their whole
belief system, which may dampen their motivation to engage in studying evolution
(Barnes & Brownell, 2016). Therefore, it is important that teachers be aware of the
religious diversity in their classroom and make a clear distinction between religious
and scientific knowledge, to promote an understanding of scientific theories without
attempting to change religious beliefs (Teixeira, 2019).

As part of their attempt to deal with the controversy surrounding evolution
based mainly on religious grounds, teachers use several approaches: (a) avoid
teaching evolution, thereby avoiding the controversy in the classroom; (b) teach
evolution but tell the students that they do not have to believe in it; (c) teach evolution
along with the accompanying controversy by including non-scientific ideas; (d) teach

evolution while being aware of the controversy but not addressing it (Hildebrand et
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al., 2008). All four approaches can be found worldwide, and some of them have been
researched (Scharmann, 2005; Staver, 2003). For example, The avoidance approach
was common in Israel before 2016, as most teachers chose not to teach evolution
mostly because of their or their students’ religious conceptions (Orin et al., 2001),
Each of these approaches may address different education goal. When teachers
decide which approach to implement, they better think of their goals when teaching

evolution, and is increasing students’ acceptance one of them?

Should acceptance of evolution be a goal of evolution education?

A historical survey shows that education has had diverse aims over the years but
can generally be summarised as developing the individual for his/her own benefit, or
for the benefit of the whole society (Reiss ,2007). As this research deals mainly with
school science, it is important to make the distinction between teaching in schools,
versus teaching in higher education institutes (university, college), as there are
different characteristics to each one (Hebert, 2001).

When discussing the goals of school science education, Jenkins (2004) claimed
that “The central task of a compulsory school science education for all is surely to
introduce students to the key features of how scientists understand the material world.
It is not to train students to think like scientists, save when they are addressing
scientific problems, nor is it primarily to engage them in socio-political issues that
have a scientific dimension.” Reiss (2007) summarized different goals of science
education (scientific literacy, individual benefit, social justice, etc.) and offered a 4-
dimentional graph in which each of the aims of science education is mapped in space
with the following axes: (a) From benefits for selected students to benefits for all
students; (b) From benefits now to defer benefits as adults; (c) From individualism to
communitarianism; (d) From knowledge to action. Using this model, teachers and
educational systems can help shape the goals of evolution education, while one of the
essential questions is whether educators should help their students understand
evolution only, or should they also help their students to accept evolution?

Whether or not it is an educator’s job to help students accept evolution has long
been debated in the literature (Nadelson & Southerland, 2010b; Sinatra et al., 2003;

Smith, 2010). Some evolution education researchers have proposed that student
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acceptance is an important aim of evolution education (Nadelson & Southerland,
2010b; Rutledge & Sadler, 2011; Sinatra et al., 2008). Smith and Siegel (2016) argued
in support of acceptance of, and belief in evolution being important and legitimate
instructional goal in evolution instruction.

Biology educators may believe it is their duty to help students understand
evolution, while persuading them to accept evolution may be seen as unethical, as it is
not their responsibility as science educators. In addition, it may be likely that
educators lack training in teaching the nature of science (NOS) as it is related to
evolution and religion, which may make them feel underprepared to engage in this
discussion (Southerland & Scharmann, 2013). Barnes and Brownell (2016) showed
that some of biology instructors are willing to engage in students' religious beliefs, if
this would help their students accept evolution, but many others refused to address
potential compatibility between evolution and religion, because they did not feel that
discussions about religion had a place in the biology classroom. Many instructors had
their own beliefs that evolution and religion must be in conflict; some of them taught
evolution as fundamentally atheistic and even made disparaging remarks about
religion during class (Barnes & Brownell, 2016).

However, biology educators may believe that persuading their students to accept
evolution is a form of indoctrination, and that their duty lies only in helping students
understand evolution (Smith & Siegel, 2019). When observed through the lens of
constructivism, some researchers emphasize the need to consider students’ prior
knowledge so that meaningful learning will occur, which may lead to a deeper
understanding (Jones & Brader-Araje, 2002). On the other hand, some researchers
claim that relating to evolution education through the lens of constructivism may
cause students to accept pseudo-science explanations and deny them a proper science
education (Mugaloglu, 2014; Taskin, 2020).

The debate was also addressed in 2005 when an editorial in the journal Nature
suggested that scientists should relate to ‘intelligent design’ or creationism in their
science classes and claimed that scientists should learn how religious people
accommodate science with religion and challenge this in their classes with scientific
truth. In that way, students may be able to accept the scientific explanations much
more easily and pass this acceptance on to their communities (Nature editors, 2005).

Rejecting this suggestion, Dawkins and Coyne (2005) stated that the science
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classroom is not the place to teach students how to settle the conflict between science
and religion; rather, it is a place to teach science. The official stance of the National
Association of Biology Teachers agrees that teachers should not deal with non-
scientific matters regarding evolution (National Association of Biology Teachers,
2019).

However, many researchers have shown that acknowledging students’ religious
faith helps increase student acceptance of evolution (Lindsay et al., 2019; Truong et
al., 2018). Reiss (2013) distinguished the question of whether religion has a place in
science education, from the question of whether it has a place in science: “It is
perfectly possible to conclude that religion has no place in science but that it does in
science education. The reason for this is simply that science education is a broader
field of study than is science. Just as we might conclude that ethics has a role to play
in science education (Jones et al., 2010), even if it doesn’t in science, we need to
examine whether religion has a role to play in science education” (Reiss, 2013). In
addition, Eve et al. (2010) showed that since the acceptance of evolution is affected
by social and psychology factors, teaching good science alone is not enough to
increase students’ acceptance of evolution.

Engaging in students religious beliefs might be one of the most important things
to consider when teaching scientific subjects that are perceived to be in conflict with
many aspects of the different religions (Southerland & Scharmann, 2013). Studies
show that acknowledging potential compatibility between evolution and religion can
increase student acceptance of evolution and decrease the perceived conflict between

evolution and religion (Barnes & Brownell, 2018; Truong et al., 2018).

What solutions that address the conflict are offered in the literature?

Before discussing the possible solutions, it is important to note that despite the
common notion that religious beliefs conflict with evolutionary theory, many
philosophers, theologians and scientists have discussed a range of possible ways to
view potential compatibility between evolution and religion (Pear et al., 2015; Sacks,
2011; Yasri et al., 2013). In addition, 16,000 religious leaders (Christian, Jews, and
Buddhists) signed a letter supporting potential compatibility between evolution and

religion, known as "the Clergy Letter Project” (Zimmerman 2018). Therefore, there
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are religious solutions to the conflict, although they are unlikely to be commonly
known among the general public. The controversy around evolution and religion is
one particular example of the larger relationship between science and religion (Yasri
et al., 2013), which presents a complex history of interaction that includes frequent
controversy and mutual suspicion, but also ongoing cooperation and accommodation
(Shane et al., 2016).

According to previous research, if educators want to help their students
reconcile their religious beliefs with evolution, it is important for them to understand
their students' cultural backgrounds and to learn how evolution can be taught in a
culturally sensitive manner (Barnes & Brownell, 2017). Different approaches were
offered in the literature for increasing students’ acceptance of evolution. For example,
Tolman et al. (2020) found that utilizing a reconciliation module effectively increased
evolution acceptance while allowing students to maintain their religious views.
Several studies offered that teachers must relate to students' cultural background while
teaching science, since bridging students’ backgrounds with science is necessary for
the success of those traditionally underrepresented in the discipline, by reducing
incongruences between home and school and increasing the authenticity of science
learning (Brown & Crippen, 2017).

Cultural competence teaching is described as "the ability of a teacher to
successfully teach students who come from different cultures other than his / her,
while mastering certain personal and interpersonal awareness's and sensitivities,
learning specific bodies of cultural knowledge, and mastering a set of skills that, taken
together, underlie effective teaching” (Tanner & Allen, 2007).

As mentioned above, religious students may come into the biology classroom
with the preconception that evolution and religion must be in conflict, and if this
perceived conflict would be addressed in the classroom, it is likely that they will feel
more included and respected in the learning environment. Cultural competence
training for evolution instructors could result in improved instructor relationships with
religious students, which may improve student perceptions of evolution instructors,
and improve their attitudes toward evolution (Barnes & Brownell, 2017). As a result,
those students may have higher motivation for learning, which may cause better
engagement and achievements. Together with the positive effect it can have on

religious students, culturally competent evolution education could also have positive
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impacts on non-religious students - it can reduce non-religious students’ negative
stereotypes about religious people in biology (e.g., religious individuals cannot do
credible science, an individual cannot be both a biologist and religious) (Barnes &
Brownell, 2017).

Barnes and Brownell (2017) developed a framework by which they intend to
bridge the gaps between secular and religious cultures when learning evolution at the
college level: Religious Cultural Competence in Evolution Education (ReCCEE). In
their essay, Barnes and Brownell describe a suite of practices that can promote
culturally competent teaching and are shown as affective learning practices by
previous studies.

ReCCEE practices: (1) acknowledge that some students may perceive a conflict
between their religious beliefs and evolution; (2) Explore students’ personal views on
evolution and religion - discuss and encourage the exploration of students’ personal
views on evolution and religion; (3) Describe to students the bounded NOS and
different ways of knowing; (4) Outline a spectrum of viewpoints on religion and
evolution - explain that there are diverse viewpoints on evolution and religion and
those viewpoints are not restricted to atheistic evolution and special creationism.
Discuss the possibility of theistic evolution; (5) Provide students with religious role
models who accept evolution- a significant factor facilitating a transition from
creationism to evolutionism in Christian biology majors was these students’
interactions with their religious biology professors who reassured them that there is no
need to be a conflict between religion and evolution; (6) Highlight the potential
compatibility between evolution and religion - explicitly discuss the potential
compatibility between evolution and religion.

It has been shown that the ReCCEE practices can reduce students’ perceived
conflict between evolution and religion, increase students’ acceptance of evolution,
and help create more inclusive undergraduate biology classrooms (Barnes et al.,
2017), even an instruction of six minutes (Truong et al., 2018). A recent study that
was conducted among in-service teachers in Israel, indicated that using the ReCCEE
framework increased some formerly “resistant” learners’ willingness to learn about
evolution and include it in their own teaching. In addition, using the ReCCEE

practices created a liberal and relaxing atmosphere that enabled the teaching of
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evolution—even human evolution—within a group of culturally diverse and
antagonistic participants (Alkaher at al., 2020).

A few studies in Israel have presented educational programmes in which the
Jewish sources are deeply discussed in science class or in teacher’s professional
development (PD) programmes, which were effective at decreasing students’
opposition to evolution (Allouch, 2010; Pear et al., 2015; Pear et al., 2020). These
programs were best suited for religious schools, where the students are familiar with
the study of religious texts. However, if teachers from different sectors will be
interested in relating to students’ religious faith in science class, there are no such
programs or practices that are suitable for them.

Context of the study

As already noted, rejection of evolution is a widespread international
phenomenon among all different religions and sectors, even though most studies have
focused on Christian and Muslim populations. Here | focus on the Jewish majority in
Israel, where acceptance of evolution has been found to vary among this religion’s
different sectors. Israel is a multicultural country. Most of the population is Jewish
(74.1%), 21.0% is Arab (Muslim, Christian and Druze), and 4.9% consists of other
minorities. The Jewish population is composed of 44% who define themselves as
secular, 22% as traditional, 24% as religious (modern Orthodox), and 10% as ultra-
Orthodox (Israel Central Bureau of Statistics, 2020).

Here | focus on three Jewish sectors which can be ordered according to their
affinity to religion along a hypothetical continuum: at one end are the secular Jews,
with the lowest affinity to religion, in the middle are the traditional Jews, with a
somewhat modest affinity to religion (see more details about this sector below), and at
the other end lie the religious Jews. The latter sector has the highest affinity to
religion and is generally composed of modern Orthodox and ultra-Orthodox. Only the
modern Orthodox Jews participated in this study. Those who define themselves as
traditional Jews clarify that their perception of life is connected to their Judaism
(Buzaglo, 2003). ‘Traditionists live in a secular socio-cultural environment: they

consume what is considered to be a secular culture and the
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public sphere in which they conduct their daily business is a “secularized” space’
(Yadgar, 2011).

Because most of the Jewish population in Israel (56%) has a tendency to relate
to their religion, the Jewish tradition is of social importance in that country. A survey
that examined Jewish Israeli citizens’ beliefs showed that 80% of them believe in god
(Arian & Keissar-Sugarmen, 2012). Israel’s Jewish national educational system is
divided into two main streams: national state schools, usually attended by secular
students, and religious national state schools, usually attended by religious students.
The curricula of both streams are similar, except that a larger portion of the
curriculum is devoted to religious studies in the religious national state schools. Since
traditional students are neither religious nor secular, they may attend schools in either
of the two main streams.

When Israeli Jews from different sectors were asked to choose whether
humans and other living things ‘have evolved over time’ or ‘have existed in their
present form since the beginning of time’, about half of them (53%) chose the first
option, indicating an acceptance of evolution, while 43% chose the second option,
indicating rejection of evolution. The percentages of those who accepted evolution in
each sector were: 83% secular Jews, 35% traditional Jews, 11% modern Orthodox
Jews, and 3% ultra-Orthodox Jews (Pew Research Center, 2016).

According to the officially published biology curriculum for Israeli state high
schools, in 1967, evolution was a required subject for biology majors, but between
1991 and 2015, it became an elective subject (Israel Ministry of Education, 2017).
When given a choice, only a small percentage of the teachers in Israel chose to teach
evolution (Agrest, 2001). Most of the teachers chose not to teach evolution mostly
because of their or their students’ religious conceptions (Orin et al., 2001), and many
science teachers indicated a conflict between evolution and creationism (Dodick et al.,
2010). The theological tensions surrounding evolution affected its implementation in
the compulsory curriculum for biology (Siani & Yarden, 2020) until its eventual
inclusion as an obligatory subject for high-school biology majors in 2016 (Ministry of
Education in Israel, 2017).

Since then, evolution has been mentioned explicitly as one of the main topics of
the curriculum (~15 teaching hours/60 hours of teaching ecology/200 hours in total

dedicated to teaching three required topics — the living cell, systems in the human
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body and ecology). As before evolution was implemented as obligatory part of the
curriculum, most teachers avoided teaching it due to religious conception, it is highly
important to examine what is happening in Israel’s biology classes regarding the

teaching and learning of evolution.

2. Goals and research questions

As already noted, evolution is one of the most controversial scientific issues
among the general public, mainly because of a presumed conflict between religion
and evolution. The general objective of this thesis is to describe evolution education
in Israel, focusing on students’ religious-based opposition to evolution, and to offer
solutions to the challenges that came up from the field, mainly through the
experiences and thoughts of teachers and scientists. The thesis is divided into 3 parts,
according to the following research goals, which are marked A-C, and their related
research questions (RQs) 1-9.

As this subject was hardly studied in Israel since the implementation of
evolution in the obligatory curriculum in 2016, the first goal of this study was to
describe and characterize evolution education is Israel (Goal A), by collecting data
from three sources: First, by examining the experience of Israeli biology teachers, as
before 2016 most teachers in Israel chose to avoid teaching it, and public-school
biology teachers are at the front line of the public controversy surrounding the
teaching of evolution. Second, students’ perspective was examined by examining the
average score of acceptance of evolution among Israeli high school students, and by
comparing the matriculation exam’s answers of different sectors in Israel. The related
RQs are:

1. Do high-school biology teachers experience students' religious-based
opposition to evolution? If they do, do they think that religious faith may
interfere with students’ understanding of evolution?

2. What is the level of acceptance of evolution among Israeli high-school

biology majors?
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3. Are there any distinct differences between religious and non-religious
schools in their achievements in the matriculation exam's evolution

questions?

The second goal of this research (Goal B) was to examine solutions that may
help in answering the challenges that came up in the first part, focused on
understanding the conceptions and attitudes of teachers and scientists toward the
religious tensions surrounding evolution education. Despite the presumed conflict
between religion and evolution in the general public, there is a unique group of
religious people who accept, study, and teach evolution. In order to understand
whether the religious based opposition is inevitable among religious people, 1
examined the conception of religious teachers and scientists toward religion and
evolution, and the factors that influenced their conception. The conceptions of
religious teachers and scientists are relevant to the discussion since they demonstrate
the possible co-existence between religion and science in their own life, thus their
conception may help understanding how religious students can reconcile their
religious faith with evolution. The related RQs are:

4. How do religious biology teachers and scientists conceive the possible
relationship between religion and science in general, and evolution and
creation in particular?

5. What do religious biology teachers and scientists feel influenced their
conception of the possible relationship between religion and science, and

what additional factors might have influenced their acceptance of evolution?

There is a seemingly gap between scientists and the general public’s attitudes
regarding evolution and religion, and as scientists are shaping the discussion
regarding evolution in the literature and the media, but teachers are those who stand at
the front line of the controversy in class, I was interested in understanding the
following RQ:

6. What are the attitudes of Israeli teachers and scientists toward relating to

religion in a science class?
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As teachers indicated their need for knowledge and tools regarding religious-
based opposition to evolution, religious teachers and scientists were asked what
practices should be implemented if a teacher decides to relate to religion in a science
class. As religious people, they are aware of the presumed conflict and its possible
solutions, and their experience in the field — as scientists or as teachers —may help in
shaping practical ideas of how to relate to religion in a science class together with
considering the concerns of the opposers to relating to religion in a science class. The
related RQ is:

7. What practices do religious teachers and scientists think should be used

when relating to religion in a science class?

The third goal of the research (Goal C) was to develop implementation
programs based on the findings and recommendations that arose from the previous
parts of this research. Two programs were developed: The first was a 4-hour program
that dealt with the religious tensions surrounding evolution education, that was taught
as part of a 30-hour course for in-service biology teachers. In addition, a 2-hour
introductory lesson to evolution dedicated for high-school students was developed in
order to enable teachers deal with students’ religious based opposition. Data regarding
students’ acceptance of evolution was collected in one of the classes before and after
the lesson, to examine whether the teaching unit was effective in decreasing students’
opposition to evolution. The related RQs are:

8. How do the teachers participating in an evolution teacher training course
deal with their students’ opposition to learning evolution, before and after
the course?

9. Does a culturally competent introductory lesson to evolution affect the

acceptance of evolution among traditional students?

Answering these research questions may contribute to the growing literature by
providing a comprehensive description of the religious tensions in evolution education
in Israel, focusing on the Jewish population that was hardly studied. In addition, it
contributes to the practice of teaching evolution in Israel by enabling teachers to help

their religious affiliated students decrease their religious based opposition.
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3. Methods

The methods section is divided into three parts: the first part describes the
population that participated in each of the research questions (RQ). The second part
describes the research design of each RQ, and the third part describe the data analysis
of each RQ. The fourth part describes the research limitations. The research project
was reviewed by the ethics committee of the Weizmann Institute of Science. The

submission is in accordance with the regulations of the IRB-Education committee.

3.1. Population

RQ 1

Ninety-seven Jewish high-school biology teachers filled out the research
questionnaire. Each teacher who answered the teachers’ questionnaire was given a
serial number according to the order of their response. The teachers were divided
according to their school’s sector—secular (national state school), religious (religious
national state school) or traditional. A traditional school was defined as a secular
school that included a majority of traditional students, according to teachers’
perception of their students’ population. Of the participating Jewish teachers, 48%
taught in secular schools, 28% in religious schools, and 24% in traditional schools;
82% taught in senior-high school (30% of them also taught in junior-high school), and
18% taught only in junior-high school. The respondents taught in various areas in
Israel that differed in their geographical location and socio-economic status of the
population. Examining the participating teachers’ sectors in retrospect, it appears that
the study population well represented the different sectors in the Jewish population,
with 61% secular teachers, 30% religious teachers, and 9% traditional teachers. The
distribution among sectors was representative of Israel’s demographics, as presented

above (Israel Central Bureau of Statistics, 2018).

RQ 2

The sample of this part of the research was composed of 778 high school
biology majors from 19 schools in Israel. The schools were chosen for their
willingness to cooperate, they all belong to the secular sector and present relatively

high scores in the matriculation examinations (Mathematics: 82.6, Std. 7.06; Biology:
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85, Std. 6.26). Evolution was included in the subject of ecology and was studied

during 11" grade in the participating schools.

RQ3

The sample of this part were Israeli High-school students from secular and

religious national state schools, who were tested in the biology matriculation exam

during summer 2017 and summer 2018. Table 1 shows the number of students that

were examined in each sector for each academic year.

Table 1. The number of students according to sectors in each academic year.

Academic year | Total number of Number of students Number of students from
students from secular schools religious schools
2016-2017 17254 14929 2246
2017-2018 17990 15737 2114
RQ4,5,7

The participants of this part of the

study were religious biology teachers (n =

10) and religious scientists (n = 10). Their academic degrees, ages, and Measure of

Acceptance of the Theory of Evolution (MATE) questionnaire (Rutledge and Warden

1999) scores (see below) are shown in Table 2. All the participants defined

themselves as modern Orthodox, except S7, who defined himself as ultra-Orthodox.

Table 2. Participants' profile (n = 20)

Code* Education ** Age MATE
T1 MSc (ST) 33 89
T2 PhD (ST) 54 92
T3 Ma (ST) 27 95
T4 PhD (ST) 80 86
TS PhD (ST) 52 80
T6 BEd (ST) 38 95
T7 PhD (STS) 43 99
T8 MSc (BIO) 48 65
T9 MSc (ST) 63 85
T10 BSc (BIO) 63 65
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S1 PhD (STS) 43 94

S2 MSc (BIO) 46 89
S3 PhD (BIO) 41 85
S4 MSc (BIO) 28 100
S5 MSc (GEO) 32 100
S6 PhD (ANT) 39 80
S7 PhD (BIO) 27 74
S8 Professor (BIO) 47 100
S9 Professor (GEO) 57 94
S10 PhD (BIO) 37 94

* T — teachers, S — scientists.
**The different disciplines of the participants: ST - science teaching; STS —
science, technology, society; BIO — biology; GEO — geology; ANT — anthropology.

Seventeen of the participants learned evolution through formal academic
education and biology lessons in high school. Three teachers—T5, T8, T10—Ilearned

evolution through informal means, such as general courses and museums.

RQ 6

In addition to the population of 97 teachers who answered the teachers’
questionnaire, a sample of 124 scientists were surveyed in order to assess their
attitudes toward relating to students’ religious belief in a science class. The
participants answered the scientists survey, which was published in a closed Facebook
group of biologists from different universities in Israel. The scientists are active
researchers or holds at least an MSc degree and they originate from different sectors

in Israel.

RQ 8

The participants of this part of the research were 14 biology teachers who
completed the teacher training course (Table 3). Of these, 7 teach in schools that
belong to the Jewish non-religious sector, 2 to the Jewish religious sector, and 5 to the
Muslim sector. Most of the teachers teach evolution at the high-school level. The
numbers and letters in the left column of Table 3 are used in the Results section to

attribute the teachers' quotes.
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Table 3. The participants of the PD course (n = 14).

No.* Gender Residence Degree  No. of years of No. of years
teaching experience  teaching evolution

S1 M Center B.Ed. 10 3

S2 M Periphery MA 11 11

S3 F Center MSc 8 1

S4 F Center MSc 6 6

S5 F Periphery MA 1

S6 M Periphery BSc 4

S7 F Center MA 10 7

R1 M Center MSc 3 2

R2 F Center BSc 40 30

M1 F Periphery MSc 9 3

M2 F Periphery MSc 9 9

M3 M Periphery MA 11 4

M4 F Periphery BSc 2 1

M5 F Periphery BSc 3 1

a

number combination identifying each teacher represents the sector in which they
teach. S — Jewish non-religious school; R — Jewish religious school; M — Muslim school. All

the teachers teach high school except for S3, who teaches junior high school.

RQ9
The introductory lesson to evolution was taught by NF, who volunteered to
participate in the research. NF defined herself as religious Jew, she was 33 years old,

1th

with 10 years of teaching experience in high schools in Israel. NF taught 11™ grade,

class of 13 students in a traditional high school in a central city in Israel.

3.2. Research design

RQ 1
| developed a short online questionnaire with open- and closed-ended questions
that was aimed at examining biology teachers’ experiences and difficulties while
teaching evolution (Appendix 1). Questions 1-3 were demographic questions aimed
at characterizing the school’s sector, location, and whether it is a junior-high or high
school. Question 4 was aimed at characterizing the students’ sector as perceived by
29



the teachers, because as already noted, the school’s official sector and the students’
sector do not necessarily match. Question 5 was aimed at characterizing the teachers’
sector as perceived by the students, based on the assumption that students’ attitudes
may be affected by their perception of a teacher belonging to their sector. To
understand whether opposition to evolution appears in different sectors, questions 6-9
were aimed at examining whether the teacher teaches evolution, if he / she has
encountered student opposition to evolution, and how this opposition was expressed.
Questions 10-13 were aimed at revealing the teachers’ perception of a possible
influence of religious faith on students’ understanding of evolution, and whether they
are willing to relate to it when teaching evolution. To validate the questionnaire, four
science education researchers examined whether it might answer the research goals.
The four researchers gave suggestions to improve the questionnaire, then re-examined
the improved version and approved the final version, which was used in the study.
The questionnaire was distributed through teachers’ social networks at the beginning

of 2019, targeting 7'"- to 12""-grade teachers.

RQ 2

To assess the participants’ (n=778) level of acceptance of evolution, they were
asked to answer the Measure of Acceptance the Theory of Evolution (MATE)
questionnaire, that was developed by Rutledge and Warden in 1999, and was used since
as a main tool to access students' acceptance of evolution in different populations
(Rutledge & Warden, 1999). The questionnaire is a 20 item Likert-scale, each item gets
1-5 points so that possible scores for the MATE range from 100 (highest acceptance) to
lowest 20 (rejection). The questionnaire was translated to Hebrew (Appendix 2) and was

validated by three biology education researchers and one evolution researcher.

RQ3

In order to compare religious and secular schools’ students’ success in
answering evolution questions at the national level, the results of the matriculation
exam (questionnaire number- 43381) from two academic years (2016-2017 and 2017-
2018) were analyzed. The 2017 academic year was the first time in the recent years in
which evolution questions were asked in the obligatory part of the exam for all

students in Israel (in 2016 it was a pilot program for a small number of students).
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Scores of evolution questions from each year (Appendix 3) were compared between
religious state schools to those of the secular schools. The questions were part of
chapter A of the exam, that included closed-ended questions. The exam of summer
2017 included 2 questions regarding evolution, while the exam of summer 2018

included one question regarding evolution.

RQ4,5,7

Pre-interview questionnaire

The participants received an online questionnaire before the interview
(Appendix 4) in which they were asked to answer demographic questions (to
understand the variation in the sample), such as their age, education, self-religious
definition, and whether they think there is a conflict between evolution and religion,
ranked on a 1-5 Likert scale. To assess the participants’ level of acceptance of
evolution, they were asked to answer the MATE questionnaire (Rutledge and Warden

1999) which was described above.

Interviews with teachers and scientists

Religious biology teachers and scientists (n = 20, Table 2) were interviewed in a
semi-structured in-depth interview of 90 minutes (on average) about their conception
of evolution and religion and the factors that may have affected it, including whether
they had rejected evolution in the past and their source of knowledge about evolution.
The goal was to obtain in-depth explanations of their conceptions of the science—
religion relationship in general and the evolution—creation controversy in particular

(Appendix 5).

Views on the relationship between science and religion

There are various taxonomies that describe views toward the relationship
between science and religion, while Yasri et al. (2013) provided a comprehensive
review of the various taxonomies described in the literature and summarized the
different views according to their similarities and differences in a synthetized
taxonomy (Appendix 6). For analysis of the interviews, we used Yasri et al.’s (2013)
taxonomy of the different views on the relationship between science and religion. The

taxonomy grouped the views into those that considered science and religion to be
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incompatible (Compartment, Science Trumps Religion [STR], Religion Trumps

Science [RTS]), and those that found them to be compatible (Different Questions,

Different Methods, Coalescence, Complementary); see details in Table 4.

Table 4. Summary of the views on the relationship between science and

religion according to Yasri et al. (2013)

Views Description
Incompatible Compartment Conlflict exists in the explanations provided by science and
religion, but neither explanation should take priority.
Science Trumps When there are different answers to the same question,
Conflict Religion (STR) only science provides true answers.
Religion Trumps When there are different answers to the same question,
Science (RTS) only religion provides true answers.
Compatible Different There is no conflict between science and religion because
Questions their role is to answer different questions.
Contrast . . . . -
Different There is no conflict between science and religion because
Methods they construct knowledge in different ways.
Coalescence It must be possible to combine science and religion because
they provide the same answers to the same questions.
Consonance

Complementary ~ Both science and religion are useful for understanding all

aspects of life.

In addition, Yasri et al. (2013) developed a short questionnaire to identify the
different views of science and religion held by research subjects (teachers, students,
etc.): the Science and Religion Self-Identification Inventory (SRSII). The
questionnaire (Appendix 7) is made of 2 questions - the first is a Likert scale made of
7 statements while each statement represents one view to the religion-science
relationship. The person chooses whether he - strongly agrees, agrees, not sure,
disagrees or strongly disagrees, with each statement. The second question asks what is
the statement that best describes each one’s view.

After being interviewed, the participants were asked to fill out the SRSII, in
order to triangulate our analysis of the interviews and to better describe the

interviewees’ view.

RQ 6
In order to understand what the attitudes of scientists are towards relating to
religion in science class, we published a survey in a closed Facebook group of

biologists from different universities in Israel (active researchers or at least MSc). The
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Facebook group included ~600 participants thus the response rate was 20%. The
survey included one closed ended question, similar to the one that appeared in the
teachers’ questionnaire: “Should biology teachers relate to religious issues in science
class (when teaching evolution)?”. The possible answers were: 1. Yes, if it will
promote students’ understanding; 2. No, in science class we learn only science. 3.
Depends. In addition, the respondents were asked to explain their answer as a
comment to the survey. A limitation of the survey is that the scientists were not

requested to state their own sector (secular / traditional / religious).

RQ 8

A message was sent at the end of 2019 to all biology teachers in Israel on the
National Biology Teacher Center mailing list, that the teacher training course
"Teaching Evolution — Why and How?" would open at the beginning of 2020. Twenty
teachers enrolled in the course, paying a symbolic registration fee. Of the enrolled
teachers, 14 showed up to all the meetings and completed all of the tasks, while the
other 6 showed up to only one meeting.

The course meetings started at the beginning of 2020 and continued for a few
months. The course alternated four synchronous face-to-face meetings, lasting 4
academic hours each, with four asynchronous meetings. In each of the eight meetings,
the teachers acquired content/scientific knowledge and PCK. During the
asynchronous meetings, the teachers were asked to read articles, watch lectures
online, answer questions pertaining to the previous synchronous meeting, and plan
lessons according to the previous meeting. (The main themes of the meetings can be
found in Siani et al., 2022).

The fifth and sixth meetings were dedicated to the issue of religious tensions
surrounding the teaching of evolution. The fifth meeting was comprised, like the other
synchronous meetings, of a scientific knowledge part, consisting of an expert lecture:
"Theological solutions in the field of evolution" and a pedagogical part, in which we
exposed the teachers to pedagogical tools that would help them deal with students'
opposition stemming from religious beliefs. These included a few principles, such as:
introducing students to religious characters who accept evolution; emphasizing the
possible connection between religion and evolution explicitly; encouraging students
to express their religious world view in class. In addition, during this meeting a
discussion was held with the teachers regarding the way in which they deal with
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opposition stemming from religious beliefs in their classes. The teachers were divided
for this discussion into groups according to the sector in which they teach: Jewish
secular, Jewish traditional, Jewish religious, and Muslim.

The data collected in this study is based on the artifacts submitted by the
teachers during the course and in the summary task at the end of the course. Since the
emphasis of this work is on opposition to learning evolution and how teachers address
it, the submitted artifacts of the questions that dealt with these issues were collected:
the first, second, fifth and sixth meetings (Appendix 8) and question 8 (Have you been
teaching religious belief and evolution in the classroom? Has the course changed your
approach? Why?) in the summary task (Appendix 9). We have also related to question
3 in the summary task. The relevant sections of the meeting schedule and summary
task are emphasized in italics in Appendices 8 and 9. These data sources were most
relevant and valuable for this research because they reflect the teachers' ideas and
insights at three stages of the teacher training course: the beginning of the course;
after the teachers have been introduced to scientific and pedagogical content
regarding opposition stemming from religious beliefs in the fifth and sixth meetings;
the end of the course, when the teachers have an overall view of the topic of evolution

and the opposition to learning it.

RQ 9

A 90-minute introductory lesson to evolution (Appendix 10) was developed in
order to hopefully address the challenges that teachers indicated they experience
regarding students’ opposition to evolution. It was developed intentionally to be short
in order to enable teachers to implement it in their teaching sequence.

The lesson is built from a few stages, while the main goal is to fracture student’s
dichotomy between evolution and religious mainly by floating their perceptions and
make them see they may want to reconsider them.

The introductory lesson to evolution included four parts:

1. Group brainstorming about the question: What comes to your mind when
you hear the word: Evolution? This part can be done using an online tool
called “Mentimeter” (Appendix 11).

2. The nature of science (and difference from religion). A discussion in class

will focus on dividing the students’ association from the previous part, into
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scientific ones and non-scientific. Next, the teacher will ask the students what
the properties and goals of each group — scientific and non-scientific. After the
students’ suggestions, the teachers will explain the difference between science
and different sources of knowledge, emphasizing that evolution is a scientific
theory, though a lot of non-scientific beliefs and thought are being attributed
to it (as we will see in the next part), and it is important to make the
distinction.

“Who believes in evolution?” Groups of 2-3 student will receive 2 sets of
cards: one set includes a short description of a person (Rabbi, scientist, etc.)
that stated statements regarding evolution, and the second set of cards with the
statements themselves. The students were asked to match between the person
to the statement (example of answers from one group of students is shown in
Appendix 12). Later, the teacher may give clues that will help making the
right matching and will demonstrate the students that the most religious
persons were very positive towards evolution. Subsequently, the teacher will
discuss with the students what are their thoughts and conclusions following
the activity.

Evolution in a nutshell. The teacher will present a short video that explains
the mechanism of evolution, and then will discuss the scientific proofs
regarding evolution, that included fossils, structural similarity between

different creatures, embryonic comparison, and genetic comparison.

Following this introduction, the teacher may teach the rest of the curriculum in

evolution.

The lesson was examined in eight, nine and tenth grades in public secular high

school in the south part of the country, with majority of traditional students. After

each time I taught the lesson, it was revised and improved, based on the students’

reactions. Students from all classes showed very good reactions, interest, and high

engagement.

The lesson was presented in the biology teachers conference. One of the

teachers, NF, agreed to participant in the research as a pilot class. NF taught 11%

grade, class of 13 students in a traditional high school in a central city in Israel. The
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students were asked to fill a questionnaire that included three parts: (1) the MATE
questionnaire; (2) a Likert question that examined the level of contradiction between
religion and evolution, according to the students (while 5 represent high contradiction
and 1 represents no contradiction); (3) the last 4 digits of their phone number (in order
to track their responses in the post questionnaires, in addition to staying anonymous).
The students filled the questionnaire before the lesson, immediately after the lesson,
and 2 months after the lesson. In addition, the teacher was interview following the
lesson. The lesson was also recorded and transcribed but and transcripts were not

analyzed.

3.3. Data Analysis

This mixed-methods research study incorporated quantitative and qualitative
approaches. The quantitative approach was based on the closed-ended questions of the
teachers’ questionnaire, MATE results of the different research populations, analysis
of the matriculation exam scores, and a scientists’ survey. The qualitative approach
was based on the teachers’ answers to the open-ended questions of the teachers’
questionnaire, the teachers’ and scientists’ interviews and the submitted artifacts from

the PD course.

Quantitative analysis

The statistical analysis of the quantitative part of the study was carried out
using the Statistical Analysis Software (SAS) programme for descriptive statistics and
for comparing frequencies (Chi-square comparing).

The answers to the MATE and SRSII questionnaires were coded into
predetermined categories (Rutledge and Warden 1999; Yasri et al. 2013) and the
MATE score was calculated for each individual participant, as well as for different
subgroups of individuals that arose from the data (role, education, views of the
relationship between science and religion, source of evolutionary knowledge, and past
rejection of evolution). Correlations between the MATE scores of the different

subgroups were examined.
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Qualitative analysis

RQ1

The qualitative analysis of the teachers' answers to the open-ended questions
was conducted in stages. First, a ‘thematic analysis’ (Braun & Clarke, 2012) was
conducted to obtain the main themes emerging from the teachers' answers. Initially,
we (my mentor and me) conducted an open coding process, in which we identified the
sub-categories emerging from the data; a discussion was then held between us. This
process was reiterated four times on ~30% of the data, starting from >80% agreement,
and continuing until 100% agreement between us was reached. Later on, a third
researcher coded 25% of the data. The validation process was conducted with me,
starting from 75% agreement between coders and following a discussion, 100%

agreement was reached.

RQs 4,5,7

The qualitative analysis of the interviews with the teachers and scientists was a
combination of inductive and deductive analyses (Cho & Lee, 2014). Inductive
analysis was conducted in stages. First, the transcripts were read by me, who also
performed an open coding process by writing memos on themes emerging from the
data. Then, we (my mentor and me) read 10% of the transcripts and created initial
categories from these themes. Citations that answered the categories were pulled out
into a table that enabled a crosswise analysis of each question. Subsequent reading of
each transcript enabled to identify additional themes. Then, all the transcripts were
coded according to the initial codes.

The deductive analysis was conducted in order to define the participants’ views
toward the relationship between science and religion, according to the pre-determined
categories that appeared in the classification of Yasri et al. 2013. The interviews were
read several times and all the citations from the interviews in which the participants
talked about their approach toward science and religion were pulled out and the

authors coded them independently according to Yasri et al. (2013)’s framework.
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RQ8

The analysis of the teachers' submitted artifacts to the questions answered in the
asynchronous meetings and in the summary task was conducted in stages. First,
"thematic analysis" (Braun & Clarke, 2012) was conducted to obtain the main themes
emerging from the teachers' submitted artifacts. Then each of us (my mentor and me)
along with a third researcher conducted an open coding process, individually, with
each identifying the subcategories through a comprehensive microanalytical coding
process of all of the teachers' submitted artifacts. Then, a discussion was held among
the three coders. This process was performed three times, until reaching 100%
agreement between coders. An axial coding process followed, in which we found
relationships between the categories and could thus merge them from the data. The
third stage was finding the core category of the submitted artifacts. We found that the
issue of science and religion was critical in the artifacts, and this was therefore chosen

as the core category around which our research was generated.

Validity and reliability

To minimize any bias due to prior assumptions or experiences, the data were
validated by two researchers to capture a wider view of the data analysis. Initially, we
conducted an open coding process, in which each of us identified the sub-categories
emerging from the data; a discussion was then held between us. This process was
reiterated two times, which enabled the creation of the coding rubric. Then, I coded
all the interview excerpts according to coding rubric. During The inter-rater reliability
process, my mentor independently coded 15% of the coded interview excerpts. When
disagreements occurred, the coders discussed the code until reaching an agreement.
This process was held three times, at first the level of agreement between coders was
80%, until achieving 100% agreement between coders.

The mixed-methods approach enabled generalising the main ideas and processes
of this study to a wider population. In addition, because location and socio-economic
index of the population varied, careful generalisation of the results from the study

population may be possible.
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3.4 Limitations

There are several limitations to this study. First, the data from the teachers’
questionnaire and interviews relied on self-reports of the participating teachers, and
each teacher may understand the students’ opposition to evolution differently (this
may explain the finding that some teachers perceived religious arguments as
opposition, and some didn’t). Another possible limitation that stems from teachers’
self-report in the teachers’ questionnaire is the fact that the separation between secular
to traditional students was based on the teachers’ perception of their students’ sector
(as there is no official separation between secular and traditional), and each teacher
may perceive differently the characteristics of each sector.

An additional limitation is that some of the participants’ answers in the
questionnaire and interviews might have been designed to please the researcher, or
they may have not wanted to admit that their students show opposition as this might
be perceived as a weakness. In addition, the factors that the participants indicated to
have influenced their conceptions of evolution, were based on their retrospective self-
report, which may have changed through time and experience.

These limitations should be borne in mind when drawing any conclusions from

the results.
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4. Results

This chapter includes 4 parts: The first part describes the research findings that
enabled the characterization of evolution education in Israel, using different sources
of data. The second part presents data that enable to answer the question of whether
the opposition to evolution is inventible among religious students. The third part
describes suggestions and thoughts toward how teachers can deal with religious based
opposition to evolution, and the fourth part describes a partial implementation of these

suggestions.
4.1. Characterizing evolution education in Israel

4.1.1. Teachers’ experience

Teaching evolution in Israel

In order to answer the first research question, on whether high-school biology
teachers encounter opposition to evolution, | first examined whether teachers from
different Jewish sectors teach evolution. The teachers (n=97) were asked whether they
teach evolution in their classes: 85% of the respondents to the questionnaire indicated
that they teach evolution; 6 teachers (5 from the secular sector and 1 from the
traditional sector) claimed that they do not teach evolution because it is not part of the
obligatory curriculum; 5 of these teachers taught in junior-high school, where
evolution is only mentioned briefly in the curriculum but in practice, is not required,
especially because the students are not asked about this topic on the compulsory
national exams. One teacher, who teaches in a religious school, wrote that ‘First, |
have to solve my own conflict with this subject’, and another religious teacher who
teaches in a religious school wrote about a colleague who does not teach evolution at
all because of self-religious difficulty. Another religious teacher indicated she guides
her students to solve questions from the matriculation exam at home, instead of
teaching in class, in order to avoid conflicts in class and also to save time. We
assumed that these two cases of teachers who have an essential difficulty with
evolution represent the minority; it seems that most of the teachers in Israel teach

evolution.
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Opposition to evolution

In order to answer the first part of the first research question, on whether
teachers experience students' religious-based opposition to evolution, the teachers
were asked whether they had encountered student opposition during the teaching of
evolution. Half of the respondents to the questionnaire reported that they had, from
either a few or many students (Table 5). Examination of the opposition by sector
(secular / traditional / religious) revealed statistically significant differences between
the three (X?(degrees of freedom = 4, n = 87y = 21.177, p = 0.0003); most of the teachers in
secular schools experienced no opposition from students, whereas some of them
experienced opposition from a few students. In traditional schools, answers varied,
from teachers who experienced no opposition to those who experienced opposition
from many students. Teachers in religious schools experienced the highest level of
opposition, with the highest percentage indicating that they experienced opposition
from many students; 9% of the teachers indicated that they had not experienced
opposition in class while at the same time, reporting their students’ declaration that
they ‘don’t believe in evolution but believe in god’. Thus, religious arguments were

not always experienced by the teachers as opposition.

Table 5. Distribution of teachers’ answers to whether they encountered opposition in
class when they started to teach evolution (total sample and according to sectors, n =
87).

Total (%) | Secular (%) | Traditional (%) | Religious (%0)
n=_87 n=42 n=20 n=25

No opposition 49.4 69.0 40.0 24.0

Yes, from a few students 34.5 31.0 35.0 40.0

Yes, from many students 16.1 0.0 25.0 36.0

| was interested in examining any possible correlation between the teachers’
own sector and the opposition that they experience from their students (for example,
is there more opposition if the students’ sector differs from their teacher’s sector?).
An interesting pattern was found between the opposition of traditional school students

and their teachers’ religious sector. Recall that a traditional school is as an officially
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secular school with a high percentage of traditional students, while the teachers’
sector within it varies. In the sample of 97 teachers, 21 taught in traditional schools. |
compared the level of opposition according to each of these 21 teachers’ sectors. |
found that the indications of opposition among religious and traditional teachers (n =
8) were lower than in the general population of the questionnaire, whereas among the
secular teachers who taught in traditional schools (n = 13), higher opposition was
indicated compared to the general questionnaire population (Table 6). Although it is
hard to draw any firm conclusions because of the small sample size, it is important to
note the finding in the face of a traditional student population, secular teachers tend to
experience higher opposition to evolution than religious or traditional teachers.

Table 6. Distribution of answers by teachers in traditional schools to whether they
encountered opposition in class when they started teaching evolution, according to the

teachers’ own sector (n = 21).

Teachers’ own sector

Secular | Traditional | Religious
n=13 n=3 n=5
No opposition 3 2 3
Yes, from a few students 4 1 2
Yes, from many students 6

When asked in the questionnaire how the students expressed their opposition,
41 teachers described various arguments that they heard from their students. The
arguments were divided into four categories that emerged from the data, are
summarised in Table 7. Looking at the percentage of arguments in each of these
categories (Table 7), one can see that according to the teachers’ perception, most
students’ opposition was based on religious—affective sources, and not on scientific
sources. This might support the notion that any attempt to deal with such opposition
should relate to the religious—affective aspect.

Several teachers indicated that although some of the students express their
opposition explicitly and loudly during class, there is also a quiet opposition. For
example, they reported that some students—who did not express opposition to
evolution during the lesson—submitted exams with a scientifically correct answer to a
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question on evolution, but beside it wrote: ‘This is my answer, but I don’t believe in
it’. In addition, a teacher in a religious school who was interested in finding out if
there was quiet opposition in his classroom, polled his students and concluded that a
higher percentage of students rejected evolution than the percentage of those who
expressed opposition during the lesson. Thus, teachers should be aware of the fact that
even if no opposition is expressed out loud in class, the students do not necessarily
accept the subject.

Table 7. The expression of students’ opposition to evolution as reported by 41
teachers (n arguments = 50).

Category Explanation Example %
Religious Arguments that included religious | ‘Evolution is not true; the Torah is | 36
motifs, such as god, the bible, etc. true’; ‘God created the world’

Beliefs Arguments that included the term belief, | ‘The students asked me “what should I | 28

not necessarily a religious belief. write in the exam — what you want to
hear or what | believe?””
Emotional Arguments that expressed emotions such | ‘It’s obviously nonsense’; ‘it doesn’t | 22
expression as anger or disrespect. belong to us’
Unwillingne | Arguments that expressed unwillingness | ‘A few students asked not to attend the | 14
ss to study | to study and to listen, and even leaving | class when I taught evolution’
the classroom.

In order to answer the second part of the first research questions, the teachers
were asked whether students’ religious faith could prevent them from properly
understanding evolution (Table 8). Fifty percent of the teachers said that they do not
think so, and the other half was divided more or less equally into those who think that
it could, and those who said that it might. There was no significant difference in the
distribution of the answers between the different sectors (X% = 4,n = 97) =4 .108, p =
0.392), but teachers in religious schools showed the highest agreement with the

opinion that religious faith does not prevent the understanding of evolution (Table 8).
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Table 8. Teachers’ answers to the question: Can students’ religious faith prevent them
from understanding evolution? (total sample and according to sectors).

Total (%) Secular (%) Traditional (%) | Religious (%0)
n =97 n =47 n=23 n=27

Yes 21.6 25.5 26.1 111

No 51.5 53.2 39.1 59.3

Maybe 26.8 21.3 34.8 29.6

The teachers were asked to explain their answers to the previous question, and
75 teachers (out of 97 who answered the closed-ended question on the questionnaire)
did so. Most of these teachers focused on two main ideas in their explanations, which
| defined as two main categories (Table 9): the first was teachers’ conception of the
conflict, where 5 teachers who indicated that there is a conflict between evolution and
religion said that religious faith would prevent the understanding of evolution; 26
teachers who indicated that there is no conflict between evolution and religion stated
that religious faith would not interfere with students’ understanding of evolution; and
9 teachers stated that it depends on whether the teacher knows how to explain that
there is no conflict.

The second category of teachers’ explanations to the closed-ended question on
the questionnaire related to the difference between possible affective and cognitive
influences of students’ religious faith (Table 9): 9 teachers indicated that religious
faith might not interfere with students’ understanding of evolution, but could hamper
their motivation to listen to and accept the subject, whereas 20 teachers emphasised
that religious faith renders students closed-minded and defensive—which may
eventually hinder their learning process, such that understanding will not occur. In a
few cases, there was a difference between the teacher’s answer to the closed-ended
question and his/her explanation; in these cases, the classification was based on the
explanation. Explanations that did not fit either of these categories (6 teachers) were
classified as ‘other’. The proportion of teachers focusing on conception of the conflict
(40/75) was significantly higher than that of teachers focusing on the difference
between the affective and cognitive influences (29/75) (X%t =2, n =150 ) =15 .403, p =
0.0005, Table 9).
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Table 9. Teachers’ explanations for whether or not students’ religious faith prevents

them from properly understanding evolution (n = 75).

Category Sub-category No. of Examples
teachers
Conception | Yes, since there is a|5 ‘A deep understanding of natural
of the conflict * phenomena and the nature of science
conflict raises conflicts with dogmatic theological
views’ (T4)
No, since there is no | 26 ‘There is no true conflict between the
conflict ** bible and evolution’( T12)
Maybe/no, depends if the | 9 ‘If the teacher knows how o explain that
teacher knows how to there is no contradiction—there is no
explain that there is no reason it will make learning difficult’
conflict (T21)

Affective vs. | Yes/maybe, the students | 20 ‘Religious faith may cause students to
cognitive | won’t learn because they lock themselves from any other
influence | are closed-minded. explanation’ (T27)

No/maybe, it won’t affect | 9 ‘The students may understand
students’  understanding evolutionary principles, but they won't
but might affect their accept them’ (T5)
motivation

Other 6

*One teacher explained that there is a conflict but the answer to the closed-ended question
was maybe.

**Two teachers explained that there is no conflict, but that students’ understanding may/will
be influenced because of misunderstandings about evolution and religion.

4.1.2. Acceptance of evolution among High school biology majors

In order to evaluate high school students' acceptance of the theory of evolution
instrument, and to answer the second research question, 778 high school biology
majors from 19 schools in Israel answered the MATE questionnaire (Rutledge &
Warden, 1999). Analysis of the results shows that the average value of acceptance of
evolution among these students is 77.07, thus pointing to a mid-high level of
acceptance according to Routledge and Sadler (2007). The Cronbach's alpha value of

the entire questionnaire was 0.88.
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Factor analysis formed 6 groups (Table 10). The highest mean scores were
obtained for the Age of the Earth group, The processes of evolution, and the Scientific
validity of the evolutionary theory (>3.9). The scores given to the Evolution of
humans and to the Evidence for evolution groups were only slightly lower (>3.7),
while the scores given to the Scientific community’s view of evolution group were
~3.5 (Table 10). Students' explanations to the statement “evolution is a scientifically
valid theory” (Mean 4.049), and to the statement “there is a significant body of data,
which supports evolutionary theory” (Mean 4.041) suggest that these statements deal
with scientific issues of validity and knowledge that support it.

With regards to the age of the earth, most students did not agree that “the age of
the earth is less than 20,000 years” (Mean 4.212). On the other hand, some students
did not support the fact that “the age of the earth is at least 4 billion years” (Mean
3.767). As biology majors, they may had confused between the age of the earth and
the origin of life which was mentioned in class to occur around 4.5 billion years ago.
Overall, the results did not point on conflicts between students’ views of religion and
their views of science that may influence their views of evolution in particular and
their evolution learning experiences. Furthermore, a significant and positive
correlation was found between the value of evolution acceptance and students’ grades

in their matriculation examinations in mathematics and in biology (Table 10).

Table 10: The outcomes of acceptance of evolution questionnaires (MATE) distributed

among secular biology majors in Israel (n=778).

Group Items Mean Std Dev Math score | Bio score
Correlation | Correlation

1. The processes of evolution 1,9, 18, 19 3.914 0.256 <.0001 <.0001

2. Scientific validity of 2, 10, 12, 13, | 3.907 0.289 <.0001 <.0001
evolutionary theory 14, 20

3. Evolution of humans 3,15 3.752 0.306 0.006 0.019

4. Evidence for evolution 4,6,8, 16 3.795 0.288 <.0001 <.0001

5. Scientific community’s view | 5, 17 3.533 0.267 0.0085 <.0001
of evolution

6. Age of the Earth 7,11 3.943 0.265 0.050 0.0513
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4.1.3. Analysis of matriculation examination evolution questions

In 2016, evolution entered to the obligatory part of the syllabus and of the
matriculation exam in Israel as a trial. Since 2017, all biology majors in Israel must
answer at least one closed ended question about evolution in part A of the exam
(Appendix 3). In order to compare the achievements of religious and non-religious
state schools in Israel, and to answer the third research question, the databases of the
matriculation exam answers of summer 2017-2018 were analyzed. The achievements
of the evolution questions of part A of the exam were compared to the achievements
of the rest of the questions in part A (total 20 questions). In order to compare between
the two sectors, a Chi square for independence test was conducted.

In Table 11, it can be seen that the total average score of the whole close-ended
part is a bit higher in religious schools (76.52) compared to the secular schools
(76.98). This difference is not statistically significant (X (1, n =17175) = 0.229,
p=0.632). A comparison between the scores of each sector can be found in Table 11.
When the total average scores were compared without the evolution questions, the
average scores of both sectors are similar — secular schools average is 76.52 while
religious schools average is 76.27 (X? (1, n =17181) = 0.07, p=0.789). Questions 16 and
18 are aimed to probe students’ knowledge of evolution, while question 16 deals with
the different mutations that affect evolution of species, and question 18 deals with the
process of natural selection. Interestingly, it seems that questions 16 and 18 influence
the total score of part A of the exam. When comparing the scores for question 16
between the two sectors, secular schools average score is 77.3 while religious schools
score is 86. The differences are statistically significant (X* (1, n =17128) = 87.53,
p<0.0001). In addition, when comparing the scores for question 18 between the two
sectors, secular schools average score is 75.1 while religious schools score is 81.2.
The differences are statistically significant (X? (1, n=17119) = 32.75, p<0.0001).

When examining the scores of each sector separately, in the religious schools it
was found that the scores for both evolution questions 16 (86.01) and 18 (81.2) were
significantly higher than their average score for the rest of the questions (X? (2, n =6736)
= 69.73, p<0.0001). However, in secular schools the scores for both evolution
questions 16 (77.3) and 18 (75.7) were almost similar to the average score for the rest
of the questions (76.52). (X? (2, N=44686) = 10.6, p=0.005). It is important to note that
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the differences between the two evolution questions and the total questions for secular
schools is relatively small (1.6 points difference), and the statistically significant
resulted probably in the numerus sample.

Table 11. Summary of the average scores of part A in the 2017 matriculation exam of

each sector and a comparison between sectors.

Average score Religious Secular gap R-S X? P
Total 20 questions 77 76.5 0.5 0.229 0.632
Total without questions 16,18 76.2 76.5 -0.3 0.07 0.789
Question 16 86 77.3 8.7 87.53 | <0.0001
Question 18 81.2 75.1 6.1 32.75 | <0.0001

When the scores from the exam of summer 2018 were examined, the opposite
pattern discovered. In this exam there was one question about evolution — question 7,
that deals with the causes for mutations — whether are arbitrary or caused by the
environment. In Table 12, it can be seen that the secular schools score was higher than
religious schools in the total score for 20 questions of part A, the total score without
question 7, and question 7 only.

A comparison between the scores of each sector can be found in Table 12. The
total average score of the 20 questions is higher in secular schools (76.06) compared
to the religious schools (73.11). This difference is statistically significant (X? (1, n
=17851) = 8.6, p=0.003). The total average scores of secular and religious schools were
compared without the evolution question 7. Secular schools average is 76.29 while
religious schools average is 73.25, while the difference is statistically significant (X2
(1, N=17851) = 9.2, p=0.002). Question 7 decreased the average score of the exam for
both secular and religious schools. Comparing the scores for question 7 between the
two sectors, shows that secular schools average score is 71.86 while religious schools
score is 70.48. The differences are not statistically significant (X2 (1, n =17851) = 1.7,
p=0.186).

When examining the scores of each sector separately, in the religious schools it
was found that the scores for evolution question 7 (70.48) was significantly lower
than their average score for the rest of the questions (X? (1,N =4181)=3.946, p=0.047). In

secular schools the score for evolution question 7 (71.86) was also significantly lower
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than their average score for the rest of the questions (X2 (1,N=30971) = 78.941,

p<0.0001).

Table 12. Summary of the average scores of part A in the 2018 matriculation

exam of each sector and a comparison between sectors.

Average score Religious Secular gap R-S X? P
Total 20 questions 73.11 76.06 -2.95 8.6 0.003
Total without questions 7 73.25 76.29 -3.04 9.2 0.002
Question 7 70.48 71.86 -1.38 1.7 0.186

When comparing the results between the two years, different patterns can be
found. In the exam of summer 2017, religious schools had a higher score than secular
schools in the questions about evolution, while in the exam of summer 2018, religious
schools had a lower score in the total part of the exam and in the questions about
evolution. During summer 2019 the only question about evolution was an open-ended
question, which is harder to compare and analyze differences between sectors.
Analysis of exams of later years is necessary in order to understand whether there is a

pattern and to reach a firm conclusion.

4.2. Is opposition to evolution inevitable among religious students?

4.2.1. Religious teachers and scientists’ conceptions of evolution and

religion

In order to examine the participants’ conception of the relationship between
evolution and religion, and to answer the fourth research question, different methods
were used.

First, in order to examine the participants’ conception of the possible
contradiction between religion and evolution, they were asked in their pre-interview
questionnaire to rank the degree of contradiction between evolution theory and
religious faith on a Likert scale: 1 — no contradiction, 5 — there is a contradiction.

Eighteen participants answered that there is no contradiction, and two participants
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chose 2 — slight contradiction, because of the philosophical interpretation of the
theory.

In addition, we examined the individual participants’ MATE scores, which
appear in Table 13. The average score of all of the participants was 88.05 (Table 13),
which is considered a high level of acceptance of evolution (Rutledge and Sadler
2007). Cronbach’s alpha for the total questionnaire was 0.926.

Table 13. Average scores of the MATE questionnaire separated into levels of
acceptance according to Rutledge and Sadler (2007).

Acceptance level Teachers | Scientists | Average MATE score
Moderate (65-76) 2 1 68

High (77-88) 3 2 83.2

Very high (89-100) 5 7 95.08

Total 10 10 88.05

Participants’ conceptions of science and religion

To examine the participants’ conceptions of the relationship between science
and religion, as well as evolution and creation (sixth research question), they were
interviewed and filled out the SRSII questionnaire. Below | describe the religious and
scientific conceptions of the participants, and then | describe their conception of the
relationship between religion and science, as well between evolution and creation.

In their interviews, all of the participants indicated that both religion and
science hold great importance in their lives, and most of them emphasized the need to
characterize each discipline and its role in their lives, because they are fundamentally
different. In addition, they indicated that they do not feel that they must accept one
and abandon the other and truly accept both, and that the presented dichotomy is false.
For example they said:

As a religious person, studying evolution strengthened my religious faith. (T3)

| never had a feeling that | must choose only one of the ideas [evolution or

religion]. What if people don’t want to choose only one idea? Why force them to

choose? | think this causes unnecessary problems. (S1)
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Religious conception

Nineteen of the participants described themselves as modern Orthodox, and one
as ultra-Orthodox, and most of them had a similar religious conception, with a few
exceptions. All interviewees except one (T10) emphasized that the purpose of the
scriptures is not to describe science or history. The following statement appeared in
similar versions in 19 interviews:

The Torah is not a science or history book, but provides moral guidance.

The participants mentioned the different values that they learned from the
scriptures, as a deep moral story that teaches them how to live their lives—how to be
closer to god, how to create social connections, the responsibility of man toward
nature, etc. Eleven participants mentioned Rambam (Maimonides), who lived in the
12" century and is considered one of the most rational figures in Judaism, as a
reference to the idea that the creation story, like many other things in the scriptures,
cannot and must not be understood literally; those who do take these stories literally
are missing the point.

The literal understanding is like imagining god building sand palaces. Every
other image is so concrete that it makes the creation story wrong. Moreover, it
is forbidden, since one of the Jewish principles of faith according to Rambam is
that god “has no body and he is free from all of the properties of matter.” (T9)

All of the participants but one (T3) mentioned, during their interview,
different rabbinical attitudes on this issue, emphasizing the participants’ tendency to
rely on religious sources of authority, which is common among religious people.

The controversy between arbitrary nature and divine providence was
emphasized by the participants as one of the most fundamental questions in the
relationship between science and religion. All participants said that they believe in
divine providence, although they cannot understand or explain how it works because
this is a philosophical interpretation, and no philosophical interpretation can be
proven—not even an arbitrary one; both are legitimate philosophical explanations of
nature that cannot be proven or disproven by scientific tools:

Things may look arbitrary, and that is OK. However, | can believe it is not
arbitrary, because science cannot explain or prove that things are arbitrary

since this is not science but philosophy. (T4)
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The participants emphasized the controversy between arbitrary nature and
divine providence as a fundamental issue for every religious person, not only in the
context of science and religion, but in almost all areas of life. Religious people live in
both dimensions—the spiritual and the materialistic—and they are skilled at finding a
divine influence in processes that appear to be random:

When we go to the doctor and still pray for our health, we don’t really
understand these two parallel dimensions—the physical and the spiritual. That
is a question we all try to answer but we do not necessarily have all the
answers. Evolution is just one example of how we cannot understand the

connection between the two dimensions. (S1)

Scientific conception

The interviewees’ scientific conception was not explicitly addressed in the
interviews. However, all of the participants mentioned some characteristics of science
that expressed an understanding of the nature of science as a method that best
describes reality in the present. Eleven participants said that science is tentative and is
not an absolute truth, but it is important to note that this is not a reason to reject it. For
example:

A scientific theory is not an absolute truth, but it is the best explanation that

scientists can give today for various natural phenomena. It is true that in the

future, more discoveries will expand our knowledge and the theory may change,

but for now we are studying the height that humanity has reached—and it is a

great thing! (T7)

Eight participants declared that they trust science but are aware of its
limitations, and four participants also emphasized the difference between observations
and interpretations of scientific findings. Two teachers—T8 and T10—made
exceptional statements that suggest that they doubt the scientific method. This seemed
to be in line with their MATE score, which was the lowest among all participants
(Table 2). These statement were:

Science is final for now. | do not say it is not true, but it does not scare me. They
can say whatever they wish; tomorrow they will say something else. (T8)
The attempt to find the age of the universe is based on many speculations.

We cannot know exactly what happened. So if the scientific truth is based on a
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speculation, why should it contradict my faith? My faith is one of the

speculations. (T10)

The relationship between science and religion

As already noted, after the interviews, the participants were asked to answer the
SRSII questionnaire. This questionnaire was aimed to help in triangulating the
participants’ preferred attitude toward the relationship between science and religion
with what was said during the interviews. In Table 14 it can be seen that all of the
respondents agreed with more than one statement, with an average of three statements
with strong agreement/agreement. The statement representing the complementary
view had the highest agreement level. Namely, 17 respondents strongly agreed with it,
2 respondents agreed, and only 1 disagreed. In addition, complementary was chosen
by most respondents (13) as best representing their personal view.

The second popular view was contrast; 11 respondents strongly agreed and 8
agreed with the statement representing the different questions view; 10 respondents
strongly agreed and 6 agreed with the statement representing the different methods
view; 7 participants chose contrast as best describing their personal view (Table 14).

Views that represent incompatibility between science and religion were ranked
as disagree/strongly disagree by most respondents; 17 respondents disagreed with the
statement representing the compartment view; 16 respondents disagreed with the
statements representing STR and RTS views. However, 4 teachers agreed with these
views—2 with the compartment view and 2 with the STR view. It is important to note
that none of the respondents chose these views as best describing their personal view;

rather, all of them chose the compatible views (Table 14, bottom row).
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Table 14. The number of respondents to each statement of the SRSII questionnaire.

according to the various agreement levels (n = 20).

Incompatibility Compatibility
Compartment | STR | RTS | Contrast (different: ) Consonance
Questions | Methods Coalescence Complementary

Strongly agree 0 1 0 11 10 2 17
Agree 2 1 0 8 6 1 2
Not sure 1 2 4 0 1 6 0
Disagree 11 7 6 0 1 7 0
Strongly disagree | 6 9 10 1 2 4 1
Best describe | O 0 0 5 2 0 13
personal view

In their interviews, the participants were asked about their preferred attitude

toward the relationship between science and religion, as well as between evolution

and creation. The three main attitudes that were mentioned in the interviews were

contrast, complementary, and coalescence. Each of them is described below.

Contrast. Twelve participants emphasized the idea that each domain, science or

religion, deals with different subjects and therefore should be understood according to

its own rules. For example, one of them said:

Religion and science are not defined by the same principles and values and are

measured in a completely different manner. My faith should not fit the criteria

that my science should fit. What is my faith worth if a new discovery of a snake
with legs disputes it? (S5)

Coalescence. Four participants emphasized the idea that there is a complete fit

between scientific findings and biblical stories. Three teachers (T2, T8, T10) and one

scientist (S2) declared this view explicitly in their interviews, although they made

some statements that indicated a mixture of approaches. For example:

| prefer the coalescence approach, but | think that to understand coalescence

you should understand that each (science and religion) talks about different

issues. | agree with the idea that man was created mature, with the rest of the

world mature—not seeds and sprouts. There are developments all the time, and

the world may have been created in that way. I don’t know, it is one

possibility... (T8)
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Complementary. Four participants emphasized that science and religion cannot
be in conflict because they exist in different dimensions. One cannot replace the other;
each has its role in life, and they complement each other to create a whole world view.
For example, one of them said:

There are two levels of reality. There may be a god that supervises nature, but

he acts through natural mechanisms and rules, and there is no contradiction

between the two. (T7)

When the participants’ approach to the science—religion relationship as declared
in the interviews was compared to their approach as declared in the SRSII
questionnaire, inconsistencies were found (Table 15). Seven participants declared one
approach in the interview, whereas they declared a different one in the questionnaire
(marked with an asterisk in Table 15). It is important to note that those people
strongly agreed on the questionnaire with both approaches—contrast and
complementary—but when asked to choose one of them, they may have felt “pushed

into a corner.”

Table 15. A summary of the combinations of approaches that the participants
indicated as best describing their personal view, according to the questionnaire and

interview, and the number of participants who showed each combination.

According to SRSII questionnaire According to the interview

Approach #Participants Approach #Participants

Contrast 7 Contrast 6
Coalescence 1*

Complementary 13 Contrast 6*
Complementary 5
Coalescence 2%*

*Interviewees declared one approach in the interview and a different approach in the
guestionnaire.

**These two teachers talked in the interview about the coalescence view, but also had motifs
of the complementary view, and their answers were therefore not considered to be

inconsistent.
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4.2.2. Factors that influence the participants’ acceptance of evolution

In order to answer the fifth research question, and to examine what were the
factors that influence the participants’ conception, the participants were asked what
factors they feel influenced their acceptance of evolution. All participants (except T3)
emphasized that their conception of evolution was influenced by the positive/negative
approach to science of their family or teachers.

Family. Ten of the interviewees emphasized their parents’ role in shaping their
own conception of evolution. They said that they received from their parents and from
home, an attitude of openness to learning and accepting science and religion. Some
mentioned going to nature museums that had dinosaurs with their family, and the
feeling they got from their parents that it does not contradict any of the religious
values that they had grown up with. For example, one of them said:

| grew up in an educated home, in which these things were never an issue...l

remember going to a museum with dinosaurs—wow! Bones of dinosaurs that

lived 80 million years ago. Cool! We did not even think that something is odd.

(S10)

Even though most of the participants in this group grew up in an educated
home with scientific tendencies, three of the interviewees (T3, T6, and S4) mentioned
growing up in families with a neutral/negative view of science. Some of them
mentioned that their family members explicitly objected to evolution. For example:

| grew up in a traditional, non-religious family. Once, | told my family that |

was studying evolution and then my brother said: “Evolution?! That is a lie!”

He was very upset with me. He is not religious, but there is something in the

traditional conception that treats ‘evolution’ as a curse word. (S4)

Despite the approaches of their families and their society, these three
participants never rejected evolution. The three mentioned that they were very
interested in science in their childhood, so this could have influenced them, as
described by Ta3:

| always perceived science as a reliable discipline, and | always loved biology.

So if I love biology and I love Judaism, they must be compatible. If a scientist

said this is true—so it is true, and we just need to find the explanation. (T3)
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Teachers. Thirteen of the interviewees emphasized the role of their school and
teachers in shaping their conception of evolution, and of science in general. Nine of
them mentioned that their teachers had taught them to be open to new ideas, and that
they could be religious and also be highly educated without fearing foreign ideas. For
example, one of them said:

| had great teachers in high school who taught us to be open-minded. We were

not limited by them, everything could be questioned. (T4)

On the other hand, four participants mentioned that their teachers emphasized
the conflict between evolution and religion. They will be discussed further on.

Additional factors that might have influenced the participants' acceptance of
evolution were examined by comparing the average MATE scores of different
subgroups of interviewees (Table 16). In each subgroup, the significance of the
correlation between each criterion and the MATE score was calculated using the
Wilcoxon two-sample test.

For three categories—role, education, and view of the relationship between
science and religion, the difference between the total MATE scores of the two
subgroups was not significant. The subgroup of participants who had always accepted
evolution had a significantly higher MATE score than the subgroup of participants
who had rejected evolution in the past. The subgroup of participants who received
formal evolution education (such as through academia or high school) had a
significantly higher MATE score than the subgroup of participants who learned

evolution by informal means (such as books, museums, media).
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Table 16. A comparison of the average mean MATE scores between different

subgroups of participants according to different categories of

education, SRSII results) and its significance.

comparison (role,

Category (tool) Subgroup Number | MATE | STDV | Wilcoxon | p
mean value (w)
score
Role (pre-questionnaire) | Teachers 10 85.1 11.96 | 119.5 0.1504
Scientists 10 91 8.94
Education (pre- | Undergraduate, | 9 87 1344 | 97.5 0.4253
guestionnaire) MSc
PhD -1 11 88.9 8.46
Professor
View of the relationship | Contrast 7 89.14 | 11.56 |82 0.5317
between science and | Complementary | 13 87.46 | 10.66
religion (SRSII)
Past rejection of | Always 14 90.72 |10.36 | 375 0.0261
evolution (interviews) accepted
Past rejection 6 81.83 |9.54
Source of knowledge in | Formal 17 91.23 | 7.42 7.5 0.0109
evolution (interviews) Informal 3 70 8.66

To learn about the factors that shaped their conception of science and religion

and their acceptance of evolution, the participants were also asked in the interview

about their past attitude toward evolution. According to their answers, two main

groups were identified: those who have always accepted evolution (n = 14), and those

who had rejected evolution in the past (n = 6, Table 16).

From rejection to acceptance

According to the interviews, 14 of the participants indicated that they had never

felt any conflict between evolution and religion. Their religious view never made

them feel uncomfortable with the idea that humans and other organisms evolve

through time, mainly because they never thought that the scriptures should be

understood literally. Six of the interviewees indicated that there was a time when they
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objected to evolution, some during high school, and some even after graduating with
scientific degrees. For example:
Even after I finished my MSc, | had never studied evolution properly, and | was
more of a creationist. The idea that the world is millions of years old was quite
hard for me. | remember looking at a dinosaur skeleton and | was skeptical
about it. | thought most of it is reconstructed, most of it is not real. So, we can'’t

predict the dinosaur’s size with any certainty based on a few bones. (T5)

When asked why they rejected evolution, they mentioned the following reasons.

a. Lack of knowledge. This was mentioned by 3 interviewees as the main
reason that the general public rejects evolution. It was also repeated among the
interviewees who had rejected evolution in the past, in their words, because they just
didn’t know what evolution was:

When you are opposed to something that you don’t really know—you don’t

understand what you are opposed to. It doesn’t come from knowing or

thinking—it comes from a primitive lack of knowledge. (S6)

| found an exam from when | was in high school, and there was a question on

evolution, and beside the answer | wrote: "This is my answer, but | don't believe

in it." It was because no one taught us evolution properly, we had to read the
book by ourselves. (T2)

b. Authority that emphasized the conflict. Four participants mentioned
teachers in school or at university who emphasized the conflict during class, by
delegitimizing religion or evolution:

The lecturer in the evolution course said that the bible is a fairy tale and we

were very angry. I don’t know why | was so anti-evolution, maybe because the

lecturer was anti-religious so it felt that everything related to evolution is
necessarily anti-religious. (S6)

| had an ultra-Orthodox science teacher in high school so | 'm sure it influenced

[my perception of evolution]. I think it may have limited us. (T5)

c. Social objection. Three participants mentioned the influence of the general
society in which they grew up. They mentioned absorbing the idea that evolution

rejects religion from different sources, such as youth organizations, friends, media,
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etc., but they could not pinpoint a specific origin of that perception. For example, one
of them said:

It is like something that you can’t touch. You see a church, but you don’t get to

go in. It’s not mine. It’s not for me. (S6)

Despite their past rejection of evolution, eventually, these participants accepted
it. They indicated that exposure to scientific knowledge alone was not enough to
eliminate their objection, because all of them had basic evolutionary knowledge;
rather, it was exposure to various religious authorities that offered explanations for the
compatibility of religion and evolution—books, lectures, courses, etc., which
promoted their acceptance of evolution. Since the participants’ rejection of evolution
had led to the conception that evolution and religion must be in conflict, being
exposed to various explanations of the compatibility between them had an important
influence on promoting their acceptance. Specifically:

The first time that | heard that the timetable of the Book of Genesis is not day

after day, and that the concept of time there is different than the one we know

today, it helped me realize that I don’t need to be afraid and that science and
religion can be compatible. (T5)

When | was exposed to religious books that expounded the idea that the genesis

stories are allegories, and that the first commentators also thought so, | said to

myself—OK. It [evolution and religion] is compatible. It solved the problem for
me and from then | felt free, it was as if the fog had lifted and the world had
opened up. (S3)

It is important to note that all participants (except T3), those who had rejected
evolution in the past and those who had not, mentioned one or several religious
authorities upon which they rely—rabbis or commentators—who helped them shape
their world view. Thus, the idea alone was not enough, and the religious authority that
represented the idea was very meaningful:

I am willing to adopt the approach of the Jewish philosophers who explored the

issue deeply enough and concluded that there is no contradiction between

religion and science. I don’t rely only on myself; they are authorities for me and

I can rely on their opinion. (T5)
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4.3. Examining solutions

4.3.1. Teachers and scientists’ attitudes toward relating to religion in a

science class

In order to answer the sixth research question, different sources of data were

used: first, 97 teachers from different sectors were asked in the teachers’
questionnaire described above, were asked whether teachers should relate to students’
religious faith in a science class. Second, 124 scientists were asked the same question
in the scientists’ survey described above. In addition to the population of scientists
and teachers from different sectors, 20 religious scientists and teachers were
interviewed regarding the same question and their attitudes will be presented below.

(1) Teachers’ attitudes

The teachers were asked whether teachers should relate to students’ religious
faith in science class in a closed-ended question on the questionnaire (Table 17).
Eighty-two percent of the teachers answered ‘Yes, teachers should relate to students’
religious faith if it will promote students’ understanding’; 13% of the teachers
answered ‘No, teachers should not relate to students’ religious faith, in science class
we learn only science’, and 5% answered that it depends. The wide agreement
between the teachers about the need to relate to students’ religious faith was found to
be statistically significant (Xt = 2, n =1 92) = 48.694, p < 0.0001). Wide agreement was
also found across sectors with no significant difference between the answers’
distribution (X?(qf =4, n = 96) = 8.339, p < 0.079). Nevertheless, it is important to note
that the percentage of teachers who were not willing to relate to the issue was higher

among secular schools (Table 17).

Table 17. Should teachers relate to students’ religious faith in the science class?
(Total sample and according to sectors).

Total (%) Secular (%) Traditional (%) | Religious (%)
n=296 n=46 n=23 n=27
Yes, if it will promote students' | 82 72 91 93
understanding
No, in science class we learn only | 13 17 9 7
science
Depends 5 11 0 0
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The teachers were asked to explain their answers to the previous question of
whether they think teachers should relate to students’ religious faith, and 58 teachers
(out of 96 who answered the closed-ended question on the questionnaire) responded.
Most of these teachers justified their positive answers by relating to the following
ideas: (1) The importance of connecting to the students’ inner world with cultural
sensitivity and respect (emphasised by 22 teachers), for example: “We live in a society
in which religion and tradition are significant to its culture. You can’t disconnect the
science we learn in class from the students’ culture. If we do that, it may alienate the
student” (T34); (2) Decreasing students’ opposition by alleviating their conflict is
important to enabling learning and understanding (emphasised by 14 teachers), for
example: “Only if the student does not feel that he has to fight and defend his
conceptions will 1 know that meaningful learning is possible” (T63); 8 teachers
emphasised the importance of relating to different disciplines, for example: “I think
that religious faith is a construct of emotion while science is a construct of the brain;
their combination may give a wider worldview” (T19); 6 teachers argued that it is
important to relate to the issue but did not justify their answer.

Among the teachers who claimed that teachers should not relate to students’
religious faith, 5 explained their answers mainly by emphasising that religion and
science are separate entities that should not be mixed. For example: “When the
student decides to solve his conflicts, he can do it by himself. | don’t involve god in
biological processes — it does not belong to the place or time” (T4); 2 teachers
asserted that such a discussion might help decrease the students’ conflict, but that they
did not feel that they have the qualifications to do this properly: “Biology teachers are
not trained to deal with this issue, so they may not feel comfortable enough and the
students may feel threatened, which may cause them to hold steadfastly to their
position” (T51). One teacher said “This issue is too complex for students to
understand” (T75).

Some of the teachers declared in their explanations to the closed-ended
question on the questionnaire that according to their worldview, there is no
connection between science and religion, but that they are willing to discuss religious
faith in class, because they understand their students’ needs, as the following teacher

(secular teacher teaching in a traditional school) summarised: “Personally, I think that

62



in science class we should learn only science — but if a student says that there is no
such thing as evolution because god created the world, and | tell him ‘now you will
listen to me because we are in a science class’, | will never be able to teach him
evolution” (T5). Relating to the lack of qualification for connecting science and
religion mentioned by the teachers, T5 also stated that: ‘If part of my qualification
included issues that would enable me to help my students learn better, such as the

opinions of Jewish philosophers and rabbis on evolution, | would learn iz’ (T5).

(2) Scientists’ attitudes

In order to examine scientists’ attitudes toward relating to religion in a science
class (as part of answering the sixth research question), 124 scientists answered the
survey question — “Should teachers relate to religion in a science class?”. As can be
seen in Table 18, 92% of the scientists answered “No, in science class we learn only
science”, while only 7% of the scientists answered “Yes, if it will promote students’
understanding”. One representative response of a scientist is as follows: “Even if the
audience is religious or traditional, we must not combine science with anything which
is not scientific. Scientific interpretation is fine, scientific disagreement based on
evidence —OK. But to try to combine faith/tradition/myths etc. into science? Defiantly

’

not. Anyone who wants will make his own accommodations at home.’

When comparing the attitudes of the teachers to the attitudes of the scientists, an
opposite pattern can be seen (Table 18). While most of the teachers (82%) agreed to
relate to religion in science class if it will promote students’ understanding, most of
the scientists (92%) rejected the idea. The difference between the populations was

statistically significant (X?(egrees of freedom = 2, n = 221y = 143.96, p < 0.0001).

Table 18. Distribution of teachers’ and scientists’ responses to the question whether
teachers should relate to religion in a science class (n (teachers)=97, n

(scientists)=124).

Teachers (%) | Scientists (%)
Yes, if it will promote students' understanding 82 7
No, in science class we learn only science 13 92
It depends 5 1
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(3) Religious teachers and scientists’ attitudes

Religious scientists (S 1-10) and teachers (T 1-10) were interviewed and asked
whether teachers should relate to religion when teaching evolution, and why. The
participants’ responses are presented in Table 19, in an ascending order according to
the willingness to relate to the issue. S8 was the only participant that rejected the idea
of relating to religion, as religion and science should remain separate entities. When
S8 was asked what if the issue comes up in class, he answered: “than there better be a
response”. It i1s important to note that S8 was surprised to hear that opposition to
evolution exists: “This is very weird. I know opposition is common in the USA, but in
Israel? I had thousands of students, many of them religious, and this issue never came
up, maybe they are shy? But they do ask questions... I don’t know. It is unpleasant to
say that there may be a segregation between populations, and those who arrive to the
university are at a different place”.

Three scientists (S1, S2, S4) said the issue can be related to in class, with
hesitations based on the challenge for the teachers, the importance of emphasizing the
differences between science and religion, and the reliance on students’ interest. S5,
S6, S7, S9 said that it is important to relate to religion, but as a pre-lesson to learning
evolution. One doubted the ability of the students to understand the complexity, and 2
scientists emphasized that the issue should be related to by a guest or someone
qualified, not the biology teacher. All the teachers, together with two scientists (S3,
S10) answered yes without hesitations, and were very decisive in their answers that it

is very important that the teacher relate to religion.
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Table 19. The participants’ responses to the question: Should teachers relate to

religion when teaching evolution? (n=20)

Response Why? Said by
Basically no “If I oversaw the curriculum, I wouldn’t want science and religion to appear | S8
together since they are two separate things, and when you talk about religion in a
science class you interrupt the ability to understand that they are unrelated.”
Yes but... “On the one hand, I don’t think the issue should be ignored. But on the other | S1
hand, how a teacher is supposed to deal with such a sensitive issue?”
“I don’t think its problematic if the differences between religion and science are | S2
emphasized”
“If the students will be interested - I will relate to the issue” S4
Important but... | “In order to decrease antagonism, I think there should be a pre-lesson —science, | S6
philosophy, Jewish thought, you name it”
“In order to investigate the relationship between science to religion you need to be | S7
mature enough. So, I'm not sure how much students will understand, but it is
important they will know that there is not a war between science and religion”
“I don’t think that biology teachers should relate to this issue, since they represent | S5, S9
science. And this separation must be preserved”(S5)
Absolutely yes “I think you must relate to this issue, otherwise you don'’t fulfill your mission and | S3, S10,
you won'’t be able to teach evolution. I generally agree with teachers that reject | T1-T10

the idea of relating to such ideas in a science class, but you can’t ignore it when
discussing evolution and issues with ethical dilemmas. I think it is important also

the conflict somewhere in the future, so they should know there are solutions to
this question.” (T4)

for general education of secular students, since they will be exposed to the idea of

The participants explained their willingness to relate to religion mainly because
of three main reasons (Table 20). Some of the participants related to more than one
reason in their answers. The first is the importance of connecting to the students’
inner world, which was mentioned by 11 participants. The participants emphasized
that by relating to the students’ thoughts, feelings and cultural baggage, learning in
class can be more meaningful for the students. Eight participants said teachers should
relate to religion in order to prepare the students for the future. They emphasized that
since the students will probably encounter this conflict somewhere in the future, it
will help them if they understand that this conflict has some suggested solutions. Two
scientists (S2, S7) mentioned people who used to be religious, that after leaning
evolution their religious perception was undermined, as no one taught them that there
are religious solutions to this conflict. Five participants explained that the issue should

be related to in order to decrease students’ opposition. Note the fact that this reason

65




was mentioned only by teachers, which may indicate that scientists are less aware of

the opposition in class.

Table 20. The participants’ responses to the question: Why should teachers relate to

religion when teaching evolution?

Category Example Participants
Connecting to student | “/ want the students to understand that science is not external to their | T2, T3, TS5,
life\inner world lives but an important thing in their lives, and in order to do that I must | T7, T8, T9,
connect it to their life” (T3) T10
“In the learning materials it says that a certain organism is 5 million | S1, S4, S9,
years old, while the students’ world view is 5000 years old. We must | S10
relate these unsuitability’s, that why I always relate this issue” (T8)
Preparing the student | “/ want the students to leave the lesson with a confidence, so that if they | T3, T4, TS5,
for the future will be asked about the issue in the external world, they will be able to | T7, T8, T9
cope with it because they learned it”. (T9) S2,S7

“I know people that left religion because they discovered evolution in a
later stage in life and said that’s it, we don’t believe in god. They
dismantle their family, left their home”. (S7)

Decreasing students’
opposition

“I think that we should relate to religion, since there is no chance I will | T1,

without any opposition from the students*“ (T1)

Although most of the participants agreed that religion should be related in a
science class, some of them raised possible challenges of doing so. Three participants
emphasized the influence of the teachers’ own identity as perceived by the students,
while T3 and T9 lean on their experience as religious teachers, and S5 describes a
possible situation in which the secular worldview of the teacher may be an obstacle.

“The ability of the students to bridge the gap is much easier when the person
standing in front of them has a similar way of life as them” (T9)

“When the students see that I, as a religious person, teaches evolution, it is first
surprising for them, but it is also decreasing their opposition.” (T3)

“If the teachers themselves do not perceive religion as important, the
explanation may ridicule religious faith, or won’t be precise enough, or won'’t reach
to the students’ soul — it may push away the students” (S35)

The concern raised by S5 is supported also by a description of T8, that described
a professional development course she attended, in which the issue of discussing the
compatibility between science and religion in a science class arose. Secular teachers

objected and said: “There is evolution, and there is creationism. They are completely
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different, and you can see the world only in one of the ways. There can’t be a scientist
who is religious”. If the perception of conflict is the only one the teachers know, they
can’t be blamed for not mentioning other approaches.

Five participants (S8, S9, S10, T4, T7) emphasized that relating to religion in
class according to the Coalescence approach (that claims there is an overlap between
the scientific findings of evolution and the creation story, following Yasri et al. 2013)
may hold an educational challenge. Their arguments relied on the idea that each
discipline is substantially different and there cannot be a complete fit between them,
and that this approach always relies on the present science, while science is tentative.

“I don’t search in the scriptures anything that we might have discovered in
science. If someone finds and tries to do this mix — it is first an intellectual lie, since
this is not science and not religion. And second — an educational danger for our
children. You say that the world has existed for so and so years, there were dinosaurs,
etc. but eventually if the scientific conclusions would change — than what? you are in
trouble if you built your religious view on foundations from a different discipline.”
(89)

“My research focused on RALBAG (Jewish philosopher, 14th century), who
matched one by one the Torah to the Aristotle science (laughs). So, he did this in the
14th century, and now there are people who do the same with modern science... You
can say that the Torah has many faces, and each generation can discover in it the
science of that time, you sure can. But you may also say: what in the torah have
different message to us, and rather than how things actually happened?” (T7)

Four scientists (S1, S3, S5, S9) and one teacher (T9) suggested that teachers
should be qualified to deal with this issue. Perhaps if teachers will be familiar with the
different approaches to the conflict, they may help their students ease their opposition.
SO raised a difficulty of teachers’ qualification: “How will you prepare a science
teacher to relate to this issue? I think that it may lead to indoctrination”. Another
difficulty that was raised by S9 was that the solutions teachers may bring to the class
will be too technical, while the real problem is essential: “I think we should delve into
the essential question, which is if we, as religious people, want to explore, use our
brains and deal with issues which are not per-se religious? Or not? Because in my
perception, everything is part of god’s world — so dealing with science is part of

man’s duty in the world”.
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4.3.2 What practices should be used when relating to religion in science

class?

In order to answer the seventh research question, religious teachers and
scientists were asked what practices should be used when relating to religion in a
science class, and T7 said that: ”This is a different kind of lesson that should be
conducted differently. Not even a Jicxo [a method for cooperative learning]. I¢
requires a discussion, uncomfortable questions, and the teacher may not have
answers. That is a much challenging position for a science teacher.” The rest of the
participants were also aware to the complexity, as T7 presented it, and suggested nine
teaching practices (Table 21). As previously, most teachers related to more than one
category.

The first practice that was suggested by 6 teachers and 1 scientist, is the idea
that the teachers can present the issue, but must not try to convince the students since
they have their free choice and the teacher cannot force his/her worldview. As S9 also
warned from indoctrination, this essential suggestion should be in the background of
all the others. The second practice was suggested by 4 teachers and 1 scientist,
emphasizing the importance of adaptation of the lesson and the materials to the
students’ culture, remembering that when the teacher wants to make something
accessible for the students, they must think about the other side. The third practice
was suggested by 5 scientists and 1 teacher, is defining the borders between religion
and science during the discussion in class. Note that the first and second practices
were suggested mostly by teachers, and focus mainly on the students, while the third
was suggested mostly by scientists, focuses on the attempt to maintain science as a
separate entity than religion.

The fourth practice was suggested by 5 teachers and 3 scientists, is collaboration
with an expert — another teacher in school or a guest. It is important to note that the
teachers that suggested this solution emphasized they also discuss the issue in class,
and the additional lessons function for deepening and expanding on the issue. The
scientists that suggested this solution emphasized that the guest should lead such a
lesson, as in most cases the teachers themselves are not qualified to do it themselves.

The fifth practice that was suggested by 4 teachers and 2 scientists, is referring
to the creation story. It is important to clarify that the creation story is emphasized as
a religious source, and not as a scientific explanation, so this is not meant to relate to
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creationism or to intelligent design. Those who suggested this practice said that the
source of religious based opposition to evolution is the simplistic understanding of the
creation story, that according to many canonic Jewish commentators and rabbis— this
is a misunderstanding of the message of the creation story. Three participants (T3, TS,
S5) suggested to mention this idea briefly, while 3 others (T2, T8, S10) said that only
if they teach it in a religious school, they will read with their students the religious
sources, from a new perspective. T8 emphasized that when she taught in a secular
school, she felt it is not propre to discuss it “I didn’t want anybody to say I tried to
convince the students to be religious”. S10 suggested to learn deep into religious
sources that go against simplistic reading of the story and try to find other messages in
the creation story, rather than a historical description. T2 and T8 also refer to the
creation story, but their purpose is different. They are trying to present to the students
that there is an overlap between the scientific findings of evolution to the creation
story (the Coalescence approach, Yasri et al., 2013).

The last 4 practices were suggested before as part of the ReCCEE practices by
Barnes and Brownell (2017) and came up inductively here. The sixth practice
emphasizes the need to present the multitude of approaches to the relationship
between evolution and religion, especially the compatibility approaches that some
rabbis represent (e.g., Rabbi Kook, Rabbi Sacks, etc.). This practice was suggested by
8 teachers and 2 scientists. The participants emphasized that they want their students
to understand that in such complex issues, there is not one right answer. T7 described
the experience of her students: “After a lesson in which various approaches to the
conflict were presented, the students said they were impressed by the presentation of
alternatives rather than one absolute truth, as they usually being taught (according to
them).”

The seventh practice that was suggested by 4 teachers and 3 scientists, is
emphasizing religious figures that accept evolution. Note that it is different from the
first practice that suggested to present various religious approaches: here the idea is
only to mention that there are certain figures (rabbis, religious scientists, etc.) that
accept evolution. S7 for example, mentioned that once the lecturer in an evolution
course mentioned that Darwin was a religious person - “the lecturer said that we
discuss here two dimensions that won’t necessarily meet, and from that moment it

solved many problems for me. I put this issue aside and study evolution.”
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The eight practice was suggested by 3 teachers, is discussing the students’

personal views, that emphasized the importance in understanding the students’

difficulties by allowing them to present them in class, which may enable the teacher

to address their specific difficulties better. The ninth practice that was suggested by

two teachers, is relating to the NOS.

Table 21. The participants’ suggested practices that should be used when relating to

religion in science class.

Practices Example Participants
1. Presenting the issue | “I present a few attitudes toward the conflict, but I don’t have | T4, TS5, T6, T7,
but not trying to unambiguous answers. The students are mature enough to consider and | T9, T10
convince the students | think about what I taught them, choose what they agree with — and decide | S10

for themselves”. (T7)
2. Adapting to the “We should approach the students from where they are at. The fact that | T2, TS5, T9, T10
students’ culture you have a certain knowledge, which you perceive as truth, doesn’t mean | S6,

someone else can access it without opposition. In order to make it

accessible, we have to structure this knowledge with cultural sensitivity”

(T2)
3. Defining the borders | “The teacher should emphasize the difference between science and | S2, S5, S6, S8,
between science and religion and not to mix between the two” (S2) S9
religion T3
4. Collaborating with “The bible teacher and I conducted a few parallel lessons about evolution, | T2, T4, T5, T7,
an expert— teacher in in which the bible teacher gave the religious approach, and I gave the | T8
school or a guest scientific approach.” (T4) S1, S5, S8, S9

“Most of the biology teachers have no clue about this philosophic issue,

so I think that the most qualified person in school — whether it is the

Jewish philosophy teachers or the biology teachers —is the one who should

deal with it.” (S9)
5. Referring to the “I tell the students that according to my perception, the bible is not a book | T2, T3, T5, T8
creation story* of science. Is the purpose of the bible to describe scientifically how the | S5, S10

world was creating? No! The purpose is to teach us ethics, moral, etc....

Therefore, there is no contradiction since science and religion are

separate dimensions.“ (T3)
6. Presenting various “When I was first exposed to the different approaches that discuss this | T1, T2, T4, TS5,
religious approaches to | issue, it made me feel very good. Suddenly I understood that many figures | T6, T7, T9, T10
the conflict, especially | discuss this issue for hundreds of years, I'm not the first and probably not | S1, S6
compatibility the last. There are answers”. (S6)

“If we give the students a printed page with different rabbinical reference

that discussed the issue —they have what to lean on. Not “the teachers said

that...what should I believe is that?”, but rather “rabbi Kook said”. It

gives them much more confidence.” (T5)
7. Mentioning “Religious person’s soul leans on tradition... The fact that I show the | TS5, T6, T7, T9
religious figures that Students that there is a Jew with a big beard that doesn’t think evolution is | S1, S7, S8
accept evolution heresy — it eases the students’ opposition” (T6)
8. Discussing the “After studying evolution, I ask the students what difficulties they have | T2, T7, T8

students’ personal
views

with what we learned, and we list all their questions, wonders and
conflicts. Afterwards, I present them the various ways of answering them”
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(T7)

9. Relating to the
nature of science

“Before I teach evolution, I first try to describe the background of the
findings that lead to the discovery of evolution...I go deeply into how and

T2, T7

what was explored, what we know and what we don'’t, I explain what a
scientific theory is — many important principles that prepare the student to
the understanding of the theory of evolution”(T2)

*The participants emphasized they refer to the creation story as a religious explanation and

not as a scientific one — it’s not creationism or intelligent design.

Nine participants (mainly teachers) related to the proper time in the sequence of
the teaching to relate to the religious issue (Table 22). T6 said he relates to religion
“Once opposition appears in class”, and S10 said, “I think that both religion and
evolution should be related to, but I don’t know which one should come first”. Four
participants said the issue should be related to before learning evolution, in order to
decrease students’ antagonism and to calm their opposition that according to some
teachers, appears whenever the word evolution is said in class. That’s probably why
two teachers (T2 and T7) said they prefer to teach natural selection without
mentioning the word evolution, and after the students have a basic knowledge — then
they start discussing evolution. Three teachers said they relate to religion only after
learning evolution, since knowing evolution is the basis for the subsequent
discussions. T7 said that before starting to teach evolution she tries to ease the
students’ discomfort by mentioning that there are religious figures that accept

evolution, which will be taught later on, after learning evolution.

Table 22. The participants’ suggestions regarding the proper timing in the sequence

of teaching for religion to be related.

Suggestion Explanation Participants
Before learning | “In order to decrease antagonism, before starting to teach evolution,  would | T1, T8, T9
evolution say this: let’s put the things on the table (relate to the things as they are?): S6

this is the Torah. This is science. There are certain approaches that reject

evolution, that claim this and that, and approaches that accept it, that claim

this and that. When understanding the complexity of the issue we can study

evolution” (S6)
After learning “In order to discuss whether evolution and religion can complement, we first | T2, T3, T4
evolution have to understand what evolution is. Knowledge is the basis for everything. T10

(T3)
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Before shortly,
after in details

1 tell the students we are about to learn evolution, and to ease the discomfort I
tell them that there are rabbis that discussed the issue and there are various

T7

approaches to deal with the conflict and we will talk about everything after
we learn evolution.” (T7)

4.4. Implementation programs

Based on the findings of the previous part of the study, two implementation
programs were developed: the first is a 4-hours program relating to religious tensions
when teaching evolution, that was given as part of a PD course for teachers about
evolution. The second one was an introductory lesson to evolution that was aimed to

answer students’ religious based opposition to evolution.

4.4.1. PD course

The findings of this research reflect the teacher responses that emerged from the
submitted artifacts—written responses to the different tasks given during the
evolution teacher PD course and to the summary task, which enables answering the
eighth research question. The responses to the tasks at the beginning of the course
demonstrated opposition to learning evolution and the ways in which teachers dealt
with it before the PD course. The teachers' responses to the sixth task and the
summary task demonstrated the way in which teachers dealt with religious based
opposition to evolution after the course.

To understand the opposition to learning evolution that teachers encounter in
their classes, and to answer the first part of the eighth research question, the teachers
were asked: What opposition to learning evolution do you encounter in your classes?
(Select the three most prominent from a list of 10 arguments (Tsanza, 2014))
(Appendix 8 meeting 2). The arguments and the number of times they were chosen by
teachers appears in Table 23. Not all teachers selected three arguments and that is
why there are less arguments than there should have been.

The arguments were separated into three categories: "Opposition stemming
from religious beliefs" in which the most prominent arguments selected by the
teachers dealt with learning evolution and not about the creation of the world (Table
23, Al), and the fact that learning evolution is insulting (Table 23, A2). It should be

mentioned that a// of the teachers selected at least one argument that fits the category
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of "Opposition stemming from religious beliefs", meaning that it is a very prominent
issue in all classes. Fewer teachers selected arguments classified as "Opposition based
on lack of understanding of NOS", where the most frequently selected argument dealt
with not being sure about evolution as correct since it cannot be seen (Table 23, B1).
As already noted, the third category "Opposition stemming from a social basis" was
selected by only 1 teacher, which may mean that this category bothers only a small

proportion of high-school students.

Table 23. List of arguments opposing evolution given to the teachers and number of

teachers who selected each as an argument that they have heard in their classes.

Categories  of No
student Ar ts f iti )
it guments for opposition teachers
opposition
1. Why do we learn evolution but not the religious version of the | 8
A o " creation of the world?
' . PPOSTHON 5 46 not believe in evolution and learning it insults me personally. 7
stemming from — - - - ;
. . 3. It is impossible to accept evolution and be a believer at the same time. | 6
religious beliefs - - -
4. The complexity of life requires a planner. 2
5. Isn't evolution a religion in itself? 1
1. How can we be sure that evolution is correct if it is not possible to see | 6
B.  Opposition | it in action?
based on lack of | 2. Evolution is just a theory, and a lot of scientists do not believe in it at | 3
understanding of | all.
NOS 3. Evolution cannot be right, since it contradicts the second law of | 0
thermodynamics.
C.  Opposition | 1. Belief that evolution caused the Holocaust. 1
stemming from a | 2. Darwin himself did not believe in the theory of evolution. 0
social basis

To answer the second part of the eight research question, i.e., how the teachers

deal with opposition stemming from religious beliefs, we asked the teachers: How do
you as a teacher deal with the students' opposition to learning evolution? (Appendix 9
meeting 2). The ways in which the participating teachers dealt with their students'
opposition, before the session dealing with science and religion, are summarized in
Table 24. In Table 23, the teachers mentioned two main categories of opposition to
learning evolution: "Opposition stemming from religious beliefs" and "Opposition
based on lack of understanding of NOS". When teachers faced the former type of

opposition, they responded to their students by relating to "Religious beliefs",
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"Scientific evidence" or "Explanation of NOS". When dealing with opposition to
evolution that is based on a lack of understanding of NOS, teachers had two types of
responses: "Scientific evidence" or "Explanation of NOS". Each of the categories of
teacher responses was divided into a few subcategories, and examples of each are
given in Table 24. The letter and number of the teachers who mentioned each of the
subcategories can be found in the right-hand column of the table, showing the
frequency of each subcategory, as well as the sector of the teachers who mentioned it.

An important finding of this paper was that even though most of the
opposition presented in Table 23 was based on religious grounds, in many cases, the
teachers dealt with the opposition by relating to "Scientific evidence" or "Explanation
of NOS", and not necessarily religious beliefs. A religious response to religious based
opposition may be expected, but that was usually not the case.

For example, when a teacher faced religious based opposition regarding
learning of evolution but not about the creation of the world (Table 23, Al), he did
not use a religious explanation but rather, an explanation presenting scientific
evidence from past evolution (Table 24, A2a): "I devoted the first lessons on the
subject to persuasion and listed a number of convincing arguments from a number of
scientific fields: comparative anatomy, paleontology and more" (S1).

Another example of opposition stemming from religious beliefs was when a
student raised the argument that the complexity of life requires a planner (Table 23,
A4). In this case, the teacher answered with a NOS description explaining the
scientific method (Table 24, A3a):

“Students think that evolution opposes religion. They do not understand that
evolution theory is not a religion but a scientific theory that explains reality. The
theory is based on the scientific method in which experiments and observations must
be deeply performed in order to arrive at scientific evidence.” (S3)

This example and many more show us that teachers respond to much of their
students' opposition to learning evolution with evidence from the field with which
they are acquainted: scientific evidence or explanation of NOS. Many times, the
response is a scientific one and not a religious one, even though the opposition is
based on religious grounds.

The following case is an example of a teacher relating to the religious beliefs

of students who present religious based opposition —that it is impossible to be
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religious and accept evolution (Table 23, A3). The teacher deals with this opposition
by relating to the religious beliefs of his students (Table 24, Alc): "I give examples of
religious philosophers who accept evolution and most of the time, this gives a strong
reference to the claim that there is no contradiction between religion and evolution”
(So).

Another teacher deals with religious based opposition, without specifying the
students' arguments, by relating to those beliefs and showing that they are not
contradictory (Table 24, Ala): “I explain that religion is faith and science is a theory
and the two do not contradict each other, as it is not written in the Bible that Moses
descended from Mount Sinai or that 1 + 1 = 2; thus the Bible lacks much content and
humans have completed the puzzle thanks to their wisdom, curiosity and the
understanding that God has given them.” (R1)

These last two examples show religious reference by the teachers to religious
based opposition to evolution, in contrast to the examples shown beforehand that
showed scientific or NOS reference to the opposition.

The last part of the research question discusses the ways in which the teachers
dealt with their students' religious based opposition after the teacher training course.
The answer to this part of the research question relies on teachers' submitted artifacts
to questions in the sixth asynchronous session and in the summary task. In the latter
task, the teachers were asked: (a) Specify how relevant each of the four synchronous
meetings was for you. Refer to the scientific knowledge and to the pedagogical
knowledge. (b) Which of the meetings was most significant to you? Some answers
from the teachers were: "In the fifth meeting, teachers suggested solutions tailored to
the situation in the classroom, for example, not necessarily convincing a student to
accept the evolution theory but teaching evidence" (M1). "For me it was most
important to hear that other teachers in the course have the same problems as me in
terms of how to teach the topic of evolution. For me, the most meaningful meeting was
the one that dealt with the religious aspects of the topic" (M4). "In the fifth session,
there were some interesting points, but the subject is less relevant to me personally
because my classes are completely secular and this conflict hardly ever arises" (S6).
These quotes shows that the discussions held during the course on dealing with
religious based opposition to evolution were meaningful to a significant proportion of

the teachers.
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In the sixth, asynchronous session, the teachers were asked (Appendix 8: (i) Is
it worth dealing with issues related to religion in a science class? (ii) How did the fifth
meeting help you deal with questions of religion and science in your class? In the

summarizing task, the teachers were asked: Have you been teaching religious
belief and evolution in the classroom? Has the course changed your approach? Why?

(Appendix 9 question 8).
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Table 24. Teachers' responses to students' opposition to learning evolution

Categories

of Teachers who
Categories of | teachers’ mentioned these
students’ responses | Subcategory of teachers' responses and example
opposition to subcategories
students'
opposition
a. Science and religion are not contradictory. M3, R1, S4, S5, S6
“There is no contradiction between religion and evolution”
b. Science and religion are connected. M5, S7
“Evolutionary development occurred during the days of
1 Reliai creation”
bé“;c;glous C. _ L_Jsing religious sources or_thfaolog!ans_ M3, R2, S6
"I asked the religion teacher to relate to this issue in his class”
d. Giving legitimacy to the expression of religious | M2, M3, M5, S1, S2,
beliefs
“the choice of whether to believe in this theory is ultimately up | S6
to them”
a. Examples from past evolution S1
“[ listed arguments from comparative anatomy, paleontology"
A. Opposition b. Examples from present evolution M1
stemming “I gave the example of bacterial resistance to antibiotics”
from C. DNA evidence M2, S1
religious 2. Scientific | “I gave scientific evidence, such as comparisons of DNA
beliefs evidence sequences”’
d. Evolution does not have a direction. S3
“examples that show that there are also 'design errors' such as
wisdom teeth in humans”
e. Explanation of evolutionary principles R2
“First, we have to understand the evolutionary principles”
a. Explanation of the scientific method R1, R2, S1, S3
“evolution is based on the scientific method, in which
3 experiments and observations are made"
' . b. Philosophical separation of religion and science | M2, R1, S6
Explanation | .. O S S
of NOS Evolution is a sczent_gﬁc theory c_znd relzgz_or? is faith _
C. Practical separation of religion and science M3, M4, M5
”We must learn the scientific explanation of evolution because it
is part of the curriculum but we don’t have to accept it”’
a. Examples from past evolution R2, S7
“I bring fossils to the class”
B. Opposition | 1. Scientific b. Examples from present evolution M1, M2, M3, M5, R1,
based on lack | evidence “I talk about the evolution of the Coronavirus”
of S1, S6
understanding
of NOS 2. a. Explanation of the scientific method S6
Explanation | “A lot of scientific knowledge is accepted although never seen,
of NOS such as the world being round”
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According to the teachers' submitted artifacts in the sixth session and in the
summary task, the teachers who participated in the teacher training course could be
divided into two groups (Table 25). It should be mentioned that some of the teachers’
statements fell into several subcategories. The first group consisted of 9 teachers who
underwent a transition during the course; 5 of them stated that they gained
pedagogical tools to deal with opposition stemming from religious beliefs during the
course; 3 of them said that they had gained confidence to deal with opposition
stemming from religious beliefs; and 3 of them also stated that they had gained
confidence in teaching evolution. The second group was comprised of 4 teachers who
expressed an unwillingness to deal with opposition stemming from religious beliefs.
Two of them had an atheistic world view, and two stated that dealing with students'
opposition stemming from religious beliefs is not the science teacher’s responsibility.
One of the teachers, M2, is not included in these two groups because she did not
change her approach to dealing with opposition stemming from religious beliefs,
stating that: "Before the training course I dealt with religion in class, and there is no
change in my approach.”

MS5 underwent a transition during the course, gaining pedagogical tools to deal
with opposition stemming from religious beliefs: “I talked about evolution and
religion in class only after the training course. Before the course, I had no clue what
to do, but by the middle of the training course I did introduce the subject, because
now I had the tools to deal with it. .

Similarly, S7 underwent a transition and gained more confidence to deal with
evolution and religion, and even to initiate and actively raise the topic: “I did not deal
with the subject of evolution and religion. Many times it was not mentioned in class
and if it came up, I addressed it briefly. Following the course, I will refer to it in the
lesson and open up the subject.”

Even though the teachers were asked about teaching science and religion, 2 of
them who underwent transitions during the course spoke about gaining confidence to
teach evolution: “At least now that I have knowledge regarding evolution in my head
I can open a discussion. I have background on what to teach, how the research has
revealed evolution, human evolution, what's common among animals. I have a

scientific background and I can talk about it most confidently. I still need more
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courses to gain more knowledge in the field, but at least I feel more confident because
1 tell my students that [ have undergone evolution training.” (M4)

Of the teachers, 4 were unwilling to deal with opposition stemming from
religious beliefs after the course, 2 of them claimed to be atheists and not willing to
deal with religious opposition in the science class: "I've never dealt with evolution and
religion, nor do I mean to. I have an atheistic world view, I have no faith in religion
at all, so for me there is also no contradiction" (54).

The other 2 were unwilling to deal with opposition stemming from religious
beliefs because they felt that this is not part of a science teacher's duties in the science
class: “Although we got pedagogical tools to deal with the issue of evolution and
religion, I do not think it is the role of the science teacher to talk about religious
belief, just as I would not want the Bible teacher to talk about evolution.” (R1)

This means that the pedagogical tools that were part of the course did not
change these 4 teachers' attitudes toward dealing with opposition to evolution
stemming from religious beliefs. They continued to hold the position that they should
not deal with such opposition in their science class.

Another interesting finding is that 2 of the teachers, 1 (S5) who underwent a
transition during the course and 1 (S1) who was unwilling to deal with opposition
stemming from religious beliefs, mentioned that they had become more sensitive to
their students’ religious beliefs during the course: “As a result of the course, [
understand that different sectors and populations behave in a very special way
toward evolution and for that reason, a teacher has to speak sensitively and adapt the
subject to these students in a special way.” (S5)

S5 was willing to put effort into approaching the field of evolution in a
culturally sensitive manner: "I have a student from the Bedouin sector in the 10™
grade and I have no doubt that I will have to sit down and consult on how I talk about
evolution in the classroom without hurting his feelings."

In contrast, S1 claimed that he had become more sensitive to the difficulties of
students from traditional backgrounds due to the course but remained unwilling to
deal with the topic: "As a teacher, I am more sensitive to traditional students, but not

to the extent that I choose to focus on this issue.”
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Table 25. Influence of the evolution teacher PD course on the ways in which the
participating teachers deal with their students' opposition stemming from religious

beliefs.

Category Subcategory

the subcategory

transition during the | opposition

Has undergone a | Gained pedagogical tools to deal with religious | M3, M5, R2, S3, S6

Teachers who related to

opposition teachers’ responsibility

course Gained confidence to deal with religious | M5, S5, S7
opposition
Gained confidence in teaching evolution M1, M4, M5
2. Is unwilling to deal | Has an atheistic world view S1, S4
with religious | Claims that religious aspects are not science | R1, S2

4.4.2. Introductory lesson to evolution

In order to assess the influence of the introductory lesson to evolution on the
students’ acceptance of evolution, and to be able to answer the ninth research
question, 13 high-school students from a traditional school, were asked to fill the
online questionnaire three times — before the lesson (pre), immediately after the lesson
(post 1), and 2 months after the lesson (post 2). It can be seen in Table 26 that the
mean MATE score of the class before the lesson was 52.45, while after the lesson it
increased to 54.78 and two months afterwards — 58. The level of contradiction
between religion and evolution, according to the students (while 5 represent high
contradiction and 1 represents no contradiction) was 4.23 before the lesson, after the
lesson it decreased to 3.55 and two months afterwards — 3.6.

Therefore, both parameters increased slightly, although both still represent a
low acceptance of evolution (relatively to the Israeli students’ mean score that I found
to be 77.07 (page 45)). As the sample is very small, and as the number of students
who participated in the study was reduced with time from 13, to 9 and to 5; additional

examination is required.
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Table 26. Students’ scores on the MATE questionnaire and the level of contradiction

they believe exists between religion and evolution (1-no contradiction, 5 high

contradiction).
Pre Postl Post2
n=13 n= n=
Mean (SD) Mean (SD) Mean (SD)
MATE 52.54 (15.67) 54.78 (19.14) 58 (13.81)
Is there a contradiction between
4.23 (1.12) 3.55 (1.42) 3.6 (1.74)
religion and evolution? (1-5)

In addition to the students’ questionnaire, the class’s teacher (NF), was
interviewed. NF indicated that before she taught evolution using the introductory
lesson to evolution, she always encountered religious based opposition, and said that
she used to give the students a short answer just to silent their opposition. But after
using the lesson she said:” I think this was a very good introduction to the subject and
I will use it in the future. The fact that you spread all the issues in the beginning of the
lesson, define what is science and what is faith —helped the students organizing these
different ideas. If you don’t emphasize this separation, everything keeps being mixed
up. in addition, the fact that different opinions of different people are presented,
helped the students to understand and internalize the complexity”.

When asked what was the most successful part of the lesson, NF said: “The
game [part 3 of the lesson] in which the students guess who said the quates/phrases
and then they discover the answers are different than what they thought. The quates
themselves are strong and beautiful. In addition, the part in which you present
different proofs for evolution, especially the morphological and genetical similarity,
and the embryonic comparison. These are strong proofs for students.”

NF said that the students in this class are usually engaged in all lessons, but in
this lesson, they were more engaged than usually, “because of the game and their
need to show up that they were correct, and generally the issue itself is a very “hot”

topic, so it made them even more engaged”.
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NF was asked whether this lesson may fit also for religious and secular schools,
and she said it does. “It may surprise you but even in secular schools there are
students that the issue is not clear to them. They may not believe in religion, but they
asked me — how can you, a religious teacher, teach this subject? It didn’t work for
them from a different perspective, and it was interesting”

NF reported that she used the lesson for additional 3 times since then with other

classes, and in addition she sent it to other teachers.

5. Discussion

Summary of the main findings

The importance of this research is by providing a comprehensive report of the
religious tensions surrounding evolution education in Israel, since it was implemented
as an obligatory subject in the curriculum. As many teachers in Israel avoided
teaching evolution before it became an obligatory subject, 1 was interested in
understanding whether the conflict regarding evolution that was being studied around
the world, mainly among Christian and Muslim populations, is also relevant among
the Jewish population in Israel. | found that teachers do encounter religious based
opposition to learning evolution among all sectors, but especially among religious and
traditional schools, which comes in line with the low acceptance of evolution among
Israeli high school religious and traditional students, relatively to secular students. In
contrary to these findings, no significant pattern in the scores of matriculation exam
questions of evolution was found, which comes in line with previous findings that
knowledge of evolution doesn’t necessarily increase the acceptance of evolution.
Therefore, the challenges in teaching evolution that were reported around the world
are also relevant in Israel, and there is room for finding solutions that may help
teachers face with these challenges in class.

In order to examine ways of approaching these challenges, the unique
population of religious teachers and scientists who study and teach evolution, was
chosen to be interviewed regarding their conception of the presumed conflict between

religion and evolution, as they express the possible co-existence between both
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domains. | found that among this population there is no perception of a conflict, but
both religion and science are compatible, and both are important for their lives. As
half of the participants indicated their teachers had influenced their acceptance of
evolution, it emphasizes the important role teachers may have in shaping their
students’ approach toward evolution. One of the important findings of this research
was that religious teachers and scientists who rejected evolution in the past,
eventually accepted it after they were exposed to religious explanations that
emphasized the compatibility between religion to evolution. However, the expected
question that arose was whether science teachers should relate to religion in a science
class to help their religious affiliated students accept evolution?

The debate on whether science teachers should help their students accept
evolution was discussed in the literature, and here | found a significant difference
between teachers and scientists’ attitudes regarding the question of relating to religion
in a science class. While most teachers accepted the idea, emphasizing the students’
need to relate to their inner world to enable meaningful learning, most scientists
rejected the idea, emphasizing the importance of separating science from religion. |
showed that the need to relate to students’ religious faith is coming from the field,
while many times teachers answer religious arguments with scientific explanations,
which doesn’t necessarily answer the students’ real conflict. Thus, | believe teachers
should expand their toolbox and be supplied with knowledge and tools regarding how
they can answer students’ religious based opposition to evolution.

Based on their experience, religious teachers and scientists offered different
practices on how teachers can relate to religion in a science class, but they also
emphasized the limitations and challenges of doing so, which are very important to
consider when designing educational programs dealing with the issue. In a PD course,
it is important to have conversation with the teachers regarding their approaches
toward the goals of evolution education, and to discuss the different approaches of
facing the challenges.

The following discussion is divided into five parts: In the first part | focus the
religious tensions surrounding the teaching of evolution in Israel, that were found in
this research. The second part discusses the question whether opposition to evolution
is inevitable among religious people, by examining the conception of religious

teachers and scientists. The third part discusses the debate on whether teachers should
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relate to religion in a science class, by examining the attitudes of teachers and
scientists. In the fourth part | discuss the practices of how religion can be related in a
science class that were offered in this research. The fifth part relates to the
Implications on this work through a PD course and an introductory lesson to

evolution, and the last part summarizes the research conclusions.

5.1. Religious tensions in evolution class in Israel

Occasionally, Isracl’s media publishes reports claiming that evolution is not
being taught in Israel, in an attempt to present an anti-religious political stance.
Before 2016, when evolution was an elective subject in the curriculum, many teachers
chose to avoid teaching it in class (Agrest, 2001), but since the implementation of
evolution as obligatory in the curriculum, teachers can no longer avoid it, and that is
why the present study, that examined teachers’ experiences since the implementation
of evolution as obligatory, is necessary. Here | found that most of the participating
teachers do teach evolution, although a minority of the teachers indicated they don’t
teach evolution because of the religious sensitivity. Therefore, | can assume that most
of the teachers in Israel teach evolution. More support for this assumption stems from
my examination of the results of the matriculation exam in biology between the years
2016 and 2019, showing that students from all sectors in Israel answered the
questions about evolution.

Teachers from all sectors indicated that they have encountered opposition to
evolution, which was mainly based on students’ religious beliefs and emotional
expressions, rather than scientific / cognitive arguments. This finding also comes in
line with reports from the implementation PD program, in which all the teachers
indicated they experienced students’ religious based opposition (while most of them
based their answers on scientific arguments, a finding that will be discussed further
on). The reported opposition was found to be highest among religious schools but was
also encountered in traditional and secular schools. This is in line with the Pew survey
that found that rejection of evolution in Israel also occurs among some of its secular
(14% rejection) and traditional (58%) populations, while the opposition is higher

among religious population (Pew Research Center, 2016).
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The opposition that was identified in all school sectors can be explained by the
fact that in secular schools there are some traditional students, which were probably
the main source of opposition; however, this might not be the only reason. Unlike
other countries in which students learn religious content, such as creationism, from
their family and informal religious institutions, students in all state schools in Israel
study the biblical story of creation as part of bible courses in the 2" and 10" grades as
an obligatory part of the curriculum (Ministry of Education in Israel, 2018). This
might strengthen the perceived conflict between evolution and religion, since the
students may get different and seemingly contradictory answers to the same question
of how life began, within the school framework: one from the bible teacher and the
other from the science teacher.

One of the findings of the teachers’ survey showed that among traditional
students, secular teachers tend to experience higher opposition to evolution than
religious or traditional teachers. This finding comes in line with the identity theory
(Stets & Burke, 2000), which proposes that individuals construct a sense of self partly
through the categorization of themselves and others as in-group (i,e., belonging to the
same group) or out-group (belonging to different groups). Given that usually
religiosity is an important part of the personal identity of religious people, it is likely
that if religious affiliated people perceive evolution as a belief that belongs to non-
religious or “atheists” - which are out-group members, they are likely to leave out
evolution as part of their belief system and identity, even if it is possible for them to
reconcile evolution with their religious beliefs. Additional support for this idea was
found in the interviews with religious teachers and scientists, in which some of them
emphasized the importance of teachers’ religious affinity for the students: when a
religious teacher teaches evolution, it may ease the students’ conflict as they may
perceive the teacher as a representative of the possible integration of both. However, a
secular teacher, which sometimes identify as atheist in front of the students, may
disregard religion which may leas to an increase in students’ opposition to evolution.
Obviously, teachers should not change or hide their belief system if they want to share
it with the students, but it is important for teachers to be aware of this possible
obstacle.

Barnes et al. (2017) found that religious students in undergraduate biology

classes assumed that their instructors were not religious and were not accepting their
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religious beliefs when the instructors avoided discussions about their beliefs while
teaching evolution. This can explain my finding that some teachers indicated there is a
higher percentage of students who rejected evolution than the percentage of those who
expressed opposition out loud during the lesson. Students may not express their
religious based opposition to evolution during class, especially if they feel that their
teachers provide no legitimation to do so. Therefore, teachers may not be aware of
their opposing students and as such, may not be able to help them. Moreover, research
has shown that college science instructors often wrongly estimate, and usually
underestimate, the number of students in their class who reject evolution (Barnes &
Brownell, 2016). Therefore, it is important that teachers respectfully allow the
students to express their beliefs in class. McCarthy (2018) claimed that part of being
respectful to others is to be able to mutually critique one another’s belief systems,
which may lead to an individual’s growth in cognition. This may be the case for
individuals who choose to discuss their belief systems, but when it comes to the
relationship between students and teachers in class, this idea may cause damage,
because students are supposed to be able to learn while their belief system is not
under persistent criticism by an authority, especially by their teacher. When such a
criticism occurs, it may cause students’ antagonism toward the subject and the
teacher, as some religious teachers and scientists indicated in this study.

The opposition reported by teachers is also reflected in the MATE results that |
identified among Israeli secular high school students — 77.07 (N=778) which is
considered as a relatively high score (Routledge & Warden, 2007), while the average
MATE score in religious schools was found to be 65.6 (N=244) (Dagan et al., 2022).
The MATE was also examined here among a relatively low number of traditional
students (n=13), showed the initial MATE score was 54, which is even lower than
religious schools MATE (65.6). Although it is hard to draw any firm conclusions
because of the small sample. In addition, it is important to note that 30% of this
traditional class’s students define themselves as Messianic Jews, which has an
Evangelist perception of the creation, and they had a higher level of opposition
respectively to the other students in class. This class is a unique multi-religious
example, which doesn’t represent a general traditional class in Israel.

In contrary to the findings from the teachers’ questionnaire and the MATE

results, which show that religious schools appear to have higher opposition and lower
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acceptance of evolution, when | examined whether there are differences in the
matriculation exams evolution questions scores — | didn’t find any significant pattern
that may indicate the success of one sector over the other. During the 2017
examination, secular schools had lower score than religious schools, and on the 2018
examination secular schools had higher score than religious schools. There is an
obvious need for examination of more exams in order to be able to reach a firm
conclusion, but this finding may indicate that the academic success in questions about
evolution doesn’t represent the students’ conceptions toward the issue. Evidence for
this idea was found in the teachers’ reports of students who provided the correct
answer for an exam question about evolution, but emphasized that they do not believe
in the answer they chose. This phenomenon might indicate that the opposition to
evolution does not necessarily result in a failure to understand evolution, but what do
the teachers think about this phenomenon?

When the teachers were asked whether their students’ religious faith might
prevent them from understanding evolution, more than half of them answered that it
would not. | noticed that the teachers’ conception of the conflict between religion and
evolution was an important factor in their answer: teachers who perceived no conflict
declared that students’ religious faith would not prevent their understanding of
evolution, whereas those who perceived a conflict declared that religious faith would
prevent this understanding. Teachers in religious schools showed the highest
agreement with the opinion that religious faith does not prevent the understanding of
evolution. This might stem from the fact that teachers in religious schools, regardless
of whether they themselves are religious or not, more frequently face this conflict in
class (compared to the other sectors), and therefore they are familiar with possible
solutions to easing their students’ conflict. When an individual perceives a subject as
conflicting and is not familiar with any other explanation—it is reasonable to assume
that religious faith will prevent an understanding of evolution. As already noted, many
instructors have their own beliefs that evolution and religion must be in conflict
(Barnes & Brownell, 2016). This emphasises the importance of teachers being
familiar with the possible solutions to the conflict. Teachers who think that religious
faith will prevent understanding might ‘give up’ on helping those students cope with

the conflict. It has been shown that when science teachers understand the range of
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perceptions of the relationship between religion and science, they are more likely to
help their students cope with the conflict (Reiss, 2009).

Some of the teachers stated that students’ religious faith may not interfere
directly with their understanding of evolution but may render them closed-minded and
decrease their motivation to study. These findings are supported by studies in which
no correlation was found between knowledge and acceptance of evolution (Nehm et
al., 2009; Nehm & Schonfeld, 2007; Sinatra et al., 2003). Low motivation for
studying evolution due to religious opposition may be an obstacle to learning, and
teachers should take this into account because motivation is a very important factor in
all learning processes (Koballa & Glynn, 2007).

To summarize this part, teachers in Israel report they encounter students’
religious based opposition to evolution, similarly to what is reported around the world
(Deniz & Borgerding, 2018). As some teachers think this opposition may interrupt
students’ understanding and motivation, it is important to understand — is this

opposition inevitable?

5.2. Is opposition to evolution inevitable among religious affiliated

people?

Religious teachers and scientists’ conceptions of science and religion

Since many studies show that as religiosity increases, the level of acceptance of
evolution decreases (Allmon, 2011), religious people who accept evolution are
considered to make up a relatively small and extreme group with “low probability of
occurrence” (Paz-y-Mifio-C & Espinosa, 2013). When examining their part among
Israel’s population, they compose 4% of the religious population (Pew, 2016). Here |
chose to focus on this unique population, while the research population was composed
of religious scientists and biology teachers who had a high average MATE score
(88.05). This finding confirmed that the population chosen for the study fits the
predetermined requirements for the study population in terms of religiosity and high
acceptance of evolution. The participants indicated that both, religion and science are

very important part of their life, and they don’t feel they are supposed to choose one
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over the other. This is in contrast to some who claim that: “Harmonious coexistence
between science / evolution and religion is illusory. They are destined to interact in
conflict due to the inherent incompatibility between scientific rationalism /
empiricism and the belief in supernatural causation” (Paz-y-Mifio-C & Espinosa
2013).

Relating to the participants’ conceptions of religion, almost all of them said
that the scriptures are not meant to teach science or history and that they do not
believe in a literal interpretation of the creation story. Almost all the interviewees
quoted commentators and rabbis who talked about the complexity of the creation
story and the moral values that can be learned from it. It may be concluded that the
conception of the scriptures as a spiritual and moral guide and not as explaining or
describing reality, as history and science try to do, is an important component in
accepting evolution for a religious person. This may stem from the common Jewish
idea that the scriptures should not necessarily be red literally. This finding may offer
an explanation to the studies that found that Jewish scientists are accepting science
and evolution more than the general population (Dunk et al., 2022, Ecklund & Schitle,
2007). Usually, those who believe that there is a conflict between evolution and
religion—regardless of whether they are religious, secular, or traditional—believe that
the creation story should be understood literally. It has been previously suggested that
objection to science is due to a simplistic literal comprehension of the bible (Dodick
et al., 2010). Therefore, mentioning that there are different theological explanations
for the creation story may help promote the understanding that religion and science
can be compatible, in order to help religious affiliated students to study evolution
without a conflict.

Relying on sources of authority was offered as one of the fundamentals of
every society (Graham et al., 2009). Specifically, religious Jewish people tend to rely
on rabbinical sources of authority for all life aspects, as this is one of the common
ideas of Judaism (“Assume for yourself a Rabbi” is mentioned twice in Pirkey Avot,
which is part of the Jewish didactic ethical literature). Here | found that religious
sources of authority were important in shaping the participants’ views of the
relationships between evolution and religion. All but one of the participants
emphasized different rabbinical figures who dealt with issues such as the non-literal

understanding of the scriptures (such as Rambam), or the specific issue of evolution
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(such as Rabbi Kook), while each participant emphasized the figures that fit his or her
own world view. This finding suggests the possibility of presenting students with
various rabbinical views, as some of the participants reported, because the
understanding that there are religious authorities that accept evolution may ease the
students’ feeling of a conflict.

The controversy of arbitrary nature vs. divine providence was mentioned by the
participants as one of the most fundamental arguments when discussing evolution and
religion, because together with the scientific findings, a philosophical atheistic view is
attributed to evolution (Lyons, 2010). As an outcome, the conception of divine
providence may seem as contradicting evolutionary theory, even though it contradicts
only one philosophical interpretation of it. It is important to remember that this
conception does not stem from scientific findings but is just one of several possible
interpretations to the relationship between science and religion, as suggested by Yasri
et al. (2013). That way, the participants can accept the scientific findings and the
mechanisms offered by evolution, and yet retain their religious view of divine
providence. The participants indicated that evolution is just one example of the
presumed gap between arbitrary nature and divine providence, which is relevant to all
aspects of their lives. An educational conclusion from this finding is the importance of
discussing the nature of science with students, as previously suggested (Dunk et al.,
2019). This will enable them to understand science’s roles and limitations, the
differences between observations and interpretations, and the fundamental differences
between science and religion.

Among the approaches to understanding the relationship between science and
religion that are described in the literature (Yasri et al., 2013), | found that the
participants had two main approaches—contrast (different questions / methods) and
complementary. All the participants (except T10) agreed that there is a fundamental
difference between the two disciplines. Most of them said it explicitly in their
interviews or agreed to some extent with the contrast approach on the SRSII
questionnaire. In addition, all of the participants (except T4) agreed to some extent
that the two disciplines complement each other. This finding may show that both
approaches can reside simultaneously in the same person. Stephen J. Gould’s (a non-
orthodox Jew) offered this idea in his Non-Overlapping Magisteria (NOMA)

principle, which divides the magisterium of science to cover "the empirical realm:
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what the Universe is made of (fact) and why does it work in this way (theory). The
magisterium of religion extends over questions of ultimate meaning and moral value.
These two magisteria do not overlap, nor do they encompass all inquiry” (Gould,
1999). Dodick et al. (2010) showed that religious people do not always hold only one
approach to science and religion, but may have several approaches (Dodick et al.,
2010). The findings of the present study strengthen their conclusion, because most of
the participants agreed with more than one approach in the SRSII questionnaire. This
suggests that religion and science can exist as two separate, and possibly
complementary entities to create the reality of the participants. This comes in line
with a study that found that scientists do not necessarily think science is in conflict
with religion, but most of them see religion and science as operating in separate
spheres (Ecklund et al., 2016). As some researchers (Williams, 2009) claim that the
religious conception of creation is a misconception and is should be replaced with a
scientific perception of the theory of evolution, it is important to understand that the
perception of creation should not necessarily replace a scientific explanation. The
perception of creation can be perceived as a cultural-spiritual domain in the persons’
life, and many religious people live with both domains, just as the participants of this
study.

The finding that most participants agreed with the complementary approach
may indicate an interdisciplinary perspective of the issue. Nikitina (2005) suggested
that hybridization of disciplinary views may ease tensions and differences between
the disciplines and help bridge them. My findings emphasize the need to discuss the
relationship between religion and science, even in a science class, despite the apparent
need to separate them, since it enhances interdisciplinary thinking which occurs when
people attempt to actually bridge different disciplinary perspectives into an integrated
whole. A small non-significant gap was identified between the average MATE scores
of participants who chose contrast (n=7) and those who chose complementary (n=13)
in the SRSII questionnaire. This finding suggests a lack of preference for one or the
other approaches when trying to cope with the science-religion relationship, as
proposed by others (Dodick et al., 2010). It is possible that exposing students to both

approaches will help them overcome the conflict between evolution and religion.

Factors that influenced the participants’ acceptance of evolution
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In the small unique population that participated in this study, no statistically
significant difference was found in the average MATE scores of scientists vs.
teachers, or between their various educational levels (BSc—MSc, PhD—Prof.) (Table
16). | cannot draw any conclusions from this result for the general population, but it
shows that in this population of religious and scientifically educated people, the level
of education does not affect the level of acceptance of evolution, although a positive
correlation between educational level and evolution acceptance has been previously
reported (Heddy & Nadelson 2012).

Most of the participants indicated that their evolutionary education was based
on formal means, such as university or high-school courses. Three participants
indicated that they had never learned evolution in a formal way, but mentioned
informal means such as general courses, museums, books and nature films. When the
average MATE scores of the two groups were compared, it was found that
participants who studied evolution formally had an over 20-point higher MATE score
than those who studied evolution informally. The difference was statistically
significant in all categories and in the total MATE score (Table 16). This finding may
be also explained by one of the limitations of the MATE questionnaire, as it includes
a few questions that could measure evolution understanding rather than acceptance
(Smith, 2010). Some of the formal group interviewees mentioned that it was only
when they learned evolution formally that they understood it. It is important to
mention that the teachers who did not learn it by formal means differed in their
educational levels—undergraduate, MEd and PhD (in science or in science teaching).
This finding emphasizes the importance of learning evolution properly in school,
since for many people, this may be their last chance to learn it in a formal way.

Most of the participants had never rejected evolution, while 6 of them had
rejected evolution in the past. When the average MATE scores of these two subgroups
were compared, it was found that the score of the group that once rejected evolution
was significantly lower than that of those who had always accepted evolution (Table
16). This finding may indicate that people who once rejected evolution will not
always accept all of its aspects, even if they indicate explicitly that they now accept
evolution. In contrast, participants who never rejected evolution had a very high level
of acceptance, indicating that they never had any conflict with evolutionary

principles.
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The participants emphasized that their conception of evolution (acceptance /
rejection) was influenced by their families’ and their teachers’ positive / negative
approach to science, respectively. Past research has shown the influence of family and
community on students’ conception of evolution (Sbeglia & Nehm 2020; Winslow et
al., 2011), and also that students’ discourse with their friends and family outside class
on topics such as evolution can lead students to perceive a conflict between religion
and evolution (Winslow et al., 2011). Because teachers can have a positive or
negative influence on students’ conceptions of evolution and science in general, there
is a need to provide teachers with enough knowledge and tools to influence their
students’ conception in a positive manner.

Six participants who had rejected evolution in the past gave three main reasons
for that rejection: (a) lack of knowledge, (b) authority that emphasized the conflict, (c)
social objection. These three factors may be connected, because students’ lack of
knowledge can result from teachers being unwilling to teach evolution due to
religious opposition (Moore & Kraemer 2005; Rice et al., 2011), or instructors that
teach evolution as fundamentally atheistic and even make disparaging remarks about
religion during class (Barnes & Brownell 2016, Barnes et al., 2017).

The social objection mentioned by the participants referred to a feeling that they
were supposed to object the idea, and that it does not belong to them as religious
Jews; however, they could not pinpoint the source of this feeling. Previous surveys
have shown that indeed, among religious populations, evolution is usually rejected by
the majority (Pew Research Center 2016), and societal religiosity was offered as an
important factor that may influence biology teachers and teaching worldwide (Silva et
al., 2021). The participants who had rejected evolution in the past indicated that
exposure to scientific knowledge alone was not enough to weaken their objection,
whereas exposure to various religious authorities that offered explanations of the
compatibility between religion and evolution (books, lectures, courses, etc.) promoted
their acceptance of evolution. This important finding suggests that exposing students
to the religious solutions that present compatibility between religion and science may
help them accept the idea that there should not be a conflict between their belief and
the currently available scientific knowledge on evolution. Some studies have shown
that students do not present a statistically significant increase in their acceptance of

evolution scores after being taught about evolution (Short & Hawley 2015; Walter et
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al., 2013). The main cause for rejection of evolution by religious people is the
presumed conflict between evolution and religion (Barnes et al., 2022; Mugaloglu,
2018), although there are various religious explanations for the compatibility between
religion and science in general, and evolution in particular (Dodick et al., 2010; Pear
et al., 2015). Therefore, maybe the missing link may be exposure to the compatibility
between religion and evolution?

Studies have found that presenting students with reconciliatory approach and
compatibility between religion and evolution were important factors leading to
increased students’ acceptance of evolution (Ferguson & Jensen ,2021; Tolman,
2020). Accordingly, the exposure of students to scientific knowledge may help
establish the strength of evolutionary theory, and exposure to the suggested solutions
that present compatibility between religion and science, may help students accept the
idea that there should not be any conflict between their belief and the currently
available scientific knowledge of evolution.

To summarize this part, the challenges of evolution education have been
discussed in many studies. The importance and novelty of this study is by focusing on
understanding religious scientists’ and teachers’ conception of the relationship
between evolution and religion, and exposing the factors that may have influenced
that conception. This population demonstrates that settling between science and
religion was possible for them, and participants who had rejected evolution in the past
emphasized the importance of their exposure to the various religious sources that offer
compatibility between science and religion. Thus, religious based opposition to
evolution is not inevitable, as there are religious solutions to the conflict, but should

teachers relate to them in a science class?

5.3. Should teachers relate to religion in a science class?

One of the main findings from the teachers’ PD course was that at the
beginning of the course, when some teachers encountered religious-based opposition,
they dealt with their students' opposition using only scientific evidence, meaning that
they avoided discussing their students' religious beliefs. Others dealt with religious-

based opposition by relating to it, i.e., they were willing to face these religious beliefs
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and deal with them in class. These two opposing approaches can be also found in the
literature: According to some among the scientific community (Dawkins & Coyne
,2005) religion should not be discussed in a science class, as the science classroom is
not the place to teach students how to settle the conflict between science and religion;
rather, it is a place to teach science. Previous studies have found that teachers are
willing to relate to the issue if they would have had more knowledge and tools (Siani
& Yarden 2020). Thus, there is a seemingly gap between the academy (scientists) and
the educational field (teachers) when discussing the issue of relating to students’
religious faith in a science class. In order to examine this gap between scientists’ and
teachers’ attitudes, Israeli teachers and scientists were asked whether teachers should
relate to religion in a science class.

One might ask — why does scientists’ conception is relevant to the discussion on
whether and how to teach? As some scientists are stakeholders that participate in
conferences and educational committees and publish in the media (articles, books,
etc.), they take part in the public discourse. It was suggested before that one of the
factors leading to the high proportion of individuals who perceive a conflict between
religion and science are scientists, religious leaders and politicians who propagate the
message of conflict in classrooms, religious institutions, popular culture, and the
media (Barnes & Brownell, 2017). Therefore, as scientists may influence the
discussion in the academia and among the general public as well, they were included
in this educational question.

When teachers were asked whether students’ religious faith should be related in
a science class, most of the participating teachers, with no significant difference
between sectors said yes, if it will promote students’ understanding. Most of the
teachers’ explanations focused on the importance of relating to the students’ inner
world (their religious beliefs, cultural background, etc.), if they want to enable
meaningful learning. When scientists were asked the same questions, most of them
answered that religion should not be related in a science class - even if the students
are religious. Their main argument was that anything which is not scientific should
stay completely outside science class.

This significant difference between teachers’ and scientists’ attitudes may be
explained by two possible explanations: First, studies found differences in religious

cultures and religious beliefs between scientists and the public: scientists are more
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secular, in terms of beliefs and practices, than the general populations (Ecklund et al.,
2016). Graffin and Provine (2007) found that evolutionary biologists have the lowest
rate of religiosity among any discipline polled. Whereas the public may struggle with
how to situate their religious beliefs with claims of evolutionary theory, many
biologists are unlikely to experience the same struggles (Alters & Nelson 2002). Thus,
the differences between the attitudes of teachers and scientists may be attributed to a
secular / atheistic point of view that scientists tend to hold more that the general
public or teachers. Some of the teachers who rejected the idea of relating to religion in
a science class define themselves as atheist, so they probably possess a personal
secular view of the irrelevance of religion, especially in a science class.

A second possible explanation for the gap between scientists’ and teachers’
attitudes may be that scientists are less aware of the needs that appear in classrooms
and the consequences of ignoring the subject, as the teachers are. That is why it is so
important to relate to the teachers' point of view in this discussion. Reiss (2013)
distinguished science from science education, emphasizing that non-scientific issues
such as ethics are being related to in a science class, and offered religion should be
related to as well. Further research may examine whether scientists are rejecting the
idea of relating only to religion or also to ethics in a science class (such as animal
teasing, eating meat, etc.), in order to examine whether their opposition derive from
an attempt to maintain “sterile” science, disconnected from the society and the
culture, or an atheistic point of view that may cause to rejection of everything
religious.

Interestingly, the official goals of the high-school biology curriculum in Israel
includes 7 goals. Among them, 3 goals focus on understanding (principles, essence of
science, etc.), two goals focus on scientific practices and skills, and two goals relates
to values: the first is the responsibility of man to nature, and the second is the
importance of bio-ethical issues such as the sanctity of human life, animal testing, etc.
(Biology curriculum for high schools, 2017). These issues are NOT scientific, but are
“humanities” topics, yet they are considered an important part of the biology
curriculum. This fact may support the first explanation, as the teachers may not reject
non-scientific issues in a science class, but may reject relating to religion, maybe as a

result of an atheistic perspective in which religion is not relevant in all aspects of life.
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When religious teachers and scientists were asked whether teachers should
relate to religion in a science class, all the religious teachers said that they should
relate to the issue in their class. Their justifications, which were also mentioned by the
teachers who filled the questionnaire from the previous section, were mainly the
importance in relating to the students’ inner world, preparing them for the future, and
the importance of decreasing their opposition to enable meaningful learning, which is
one of the fundamental principles of the theory of constructivism (Jones & Brader-
Araje, 2002). Relating to the claim that constructivism may enhance the teaching of
pseudo-science (Mugaloglu, 2014; Taskin, 2020), | wish to emphasise that science
teachers should teach nothing but the scientific explanations when teaching evolution.
However, if students' religious faith poses a barrier to understanding evolution,
disregarding the problem will not solve it; on the contrary, it may deepen it
Therefore, the teacher should help the students understand that there are possible
answers to their conflict (by presenting those explanations or by referring the students
to them), thus providing the opportunity to receive the best scientific education,
similar to their secular counterparts. As was presented above, religious teachers and
scientists who had rejected evolution in the past, exposure to the possible connections
between evolution and religion was the main factor leading them to accept evolution,
because their exposure to the scientific knowledge had not been sufficient. Some
teachers emphasised the importance of relating to the students’ conceptions with
cultural sensitivity and respect, and such an approach was shown to be effective in
studies that gave teachers the opportunity to become familiar with their students’
cultural world; and developed principles of teaching evolution in a culturally
competent manner (Barnes & Brownell, 2017; Brown, 2017).

The religious scientists were more restrained than religious teachers, although
most of them agreed religion should be related by the teachers. Their answers
contained hesitations, mainly about the teachers’ qualifications, the complexity of the
issue, and students’ ability to understand it. These results may support the second
explanation to the gap between teachers and scientists that was revealed in the
previously. Since religious scientists had more hesitations and concerns toward
relating to religion in a science class, compared to the religious teachers, the source of
the hesitation is probably not an anti-religious perception of scientists, but a

disconnection from the challenges that appear in the class. As some of the

97



participating religious scientists do teach or taught evolution in the academy (as
instructors to large classes or practitioners to smaller classes), the difference in their
experiences may be attributed to the different characteristics between teaching in the
academy to teaching in schools. For example, high school teachers get to teach wider
parts of the population then those who eventually attend college / university. Another
example may be the difference in educational qualification teachers are required to
have (which makes them aware of learning theories, developmental stages, etc.) in
contrary to academic instructors which usually are not required for such qualification

(Hebert, 2001).

To summarize this part, the teachers’ certainty regarding the need to relate to
religion in a science class is an important start, yet the scientists’ concerns that were
raised here should be considered when examining solutions for how to do it in class.
Now I will review the different practices that were offered to how religion should be

related in a science class.

5.4. How should religion be related in a science class?

One of the findings from the religious teachers and scientists’ interviews, was
that all of them (except S8) acknowledge that some students may feel a conflict
between evolution and their religion. Acknowledging this idea is the first practice of
the ReCCEE framework (Barnes & Brownell 2017) as in order to provide a solution,
teachers must acknowledge their students’ might have a problem. S8 is the only
participant that denied the difficulty and was surprised to hear teachers encounter
opposition to evolution, as he teaches evolution in a religious university and had never
encountered any opposition. Respectively, S8 was the only one among the
participants that rejected the idea of relating to religion in a science class, as he didn’t
acknowledge there may be a conflict. This emphasizes the importance of informing
teachers about the students’ possible conflict, as research has shown that college
instructors wrongly estimate, and usually underestimate, the number of students in

their class who reject evolution (Barnes & Brownell, 2016).
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When considering how to relate to religion in class, the participants’ suggested
nine practices based on their experiences. The first five practices were novel, while
the last 4 were already offered by the ReCCEE framework (Table 21).

The first educational practice suggested by the participants was that the teacher
should present the issue but should not try to convince the students - the students will
decide whether to accept it or not. The teachers may be more aware of their
restrictions as educators — that they can offer ideas to the students and can try to adapt
the ideas to their students’ culture, but the students have their free choice. This finding
comes in line with recent study that found that when the instructor gave students
autonomy over their decision to accept evolution, students agreed with evolution more
at the end of instruction (Barnes et al., 2022)

The second practice was the adaptation to the students’ culture, and it is
important to note that both the first and second practices, that consider the students’
point of view, were mentioned mostly by teachers, while the third practice (defining
the borders between science and religion) was mentioned mostly by scientists. This
finding may emphasize the concerns of each group — while the teachers are concerned
with maintaining their students’ free choice and making the learning accessible to
them, the scientists’ concern is to make sure the students understand the borders
between the disciplines. Note that viewing religion as science is one of the main
concerns of those who oppose relating to religion in a science class: “...If
supernaturalism will be recognized as an authentic part of science... that would be the
end of science education in America.” (Dawkins & Coyne, 2005). Thus, emphasizing
the borders and differences between science and religion may address this concern. It
was previously suggested that teachers should make a clear distinction between
religious and scientific knowledge, thus promoting the understanding of scientific
theories and avoid attempting to change religious beliefs (Teixeira, 2019).

The fourth practice that was suggested by both teachers and scientists, was to
collaborate with an expert to the issue. However, while the teachers take
responsibility to deal with the issue in their class, even when they suggest
collaborating with a guest lecturer — they suggest it as an expansion of what they
already discussed in class. In contrary to the teachers, the scientists assign the
responsibility of dealing with the issue to other experts rather than the teachers

themselves, from various reasons they pointed (e.g., teachers are not qualified enough
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to deal with such philosophical issues, the teachers’ different culture, etc.) — which all
lead to the conclusion that the issue should be related to by someone else rather than
the biology teacher. Although it may be perceived as if scientists underestimate the
qualification of the teachers, many teachers indicate they do lack qualifications in this
issue (Siani et al., 2022, Stahi-Hitin & Yarden, 2022).

The fifth practice was to refer to the creation story, as according to many
canonic Jewish commentators and rabbis (Pear, 2015; Sacks, 2011) the simplistic
understanding of the creation story is a misunderstanding of the message of the
creation story, which may cause the religious based opposition to evolution. This
practice is very different from teaching intelligent design or creationism (Pennock,
2003), since the creation story is referred to as a religious rather than scientific source,
and the participants emphasized that by relating to the creation story, they highlight
the differences between science and religion. Moreover, the participants emphasize
that this practice may probably fit religious schools, and not secular schools.

Practices 6-9 were suggested before in the Religious Cultural Competence in
Evolution Education (ReCCEE) (Barnes & Brownell 2017). Interestingly, these
practices came up inductively from this study participants’ attitudes, which support
the idea that the ReCCEE framework may fit also religious Jewish students. Ten of
the participants emphasized the importance of presenting various approaches to the
conflict, especially the compatibility (sixth practice). As the most known viewpoints
are atheistic evolution and creationism, the idea to present diverse viewpoints on
evolution and religion and presenting the compatibility has been shown as an
important practice that increases students’ acceptance of evolution (Ferguson and
Lensen, 2021; Barnes et al., 2022). Moreover, I previously presented that in this study
population, participants that used to reject evolution in the past indicated that they
eventually accepted it after they were exposed to the compatibility between science
and religion.

As religious people tend to rely on tradition, the participants suggested to
mention various Jewish leaders that accept evolution, or religious scientists that can
be seen as role models (seventh practice). Ferguson and Jensen (2021) found that one
of the factors students mentioned as reasons for a change towards evolution
acceptance was the presence of a role model. In another study, once students saw

someone who reconciled evolution and religion, the conflict they felt with evolution
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decreased (Holt et al., 2018). It is important to note the difference between the
previously suggested practice of presenting different approaches to the conflict, from
the present suggestion of mentioning that a certain religious figure accepts evolution.
Some religious teachers indicated that once their students understand that they accept
evolution even though they are religious, it eases the students’ conflict, as the teachers
are the role models for their students. As mentioning different religious figures is easy
to implement, I encourage teachers to look for role models that may be appropriate for
their students’ culture and religion (Zimmerman, 2018).

Three teachers suggested to discuss the students’ personal views on evolution
and religion (eighth practice). The need to consider students’ prior knowledge is one
of the principles of constructivism, and is necessary to enable meaningful learning,
which may lead to a deeper understanding (Jones & Brader-Araje, 2002). Some
researchers claim that relating to evolution education through the lens of
constructivism may cause students to accept pseudo-science explanations and deny
them a proper science education (Mugaloglu, 2014; Taskin, 2020). However, it was
found that when instructors did not acknowledge students’ religious beliefs, the
religious students in the class felt left out. This may lead to students deciding that
biology and their religious value systems are incompatible (Hermann, 2012).

Many studies discussed the importance of relating to the NOS when teaching
evolution (Lombrozo et al., 2008; Nehm & Schonfeld 2007), while here, two teachers
mentioned the importance of relating to the NOS prior to the introduction of evolution
(ninth practice), as was also offered by Scharmann (2018). Interestingly, these two
teachers hold a PhD in science teaching (T2) and Philosophy of science (T7) which
may explain the importance they perceive to the teaching and learning of the NOS,
generally and especially when teaching evolution.

The proper time in the teaching sequence to relate to religion was mentioned
mainly by teachers. While some prefer to relate to religion prior to the teaching of
evolution, some after, and some shortly before and deeply after. Thus, the teacher can
choose according to her / his personal preference and the students’ needs (for
example, if the students’ opposition is too severe that the teacher can’t teach
evolution, then an answer should be provided before teaching evolution).

Three participants indicated that the teachers’ own identity may influence the

students’ acceptance of evolution — and one emphasized that the teachers’ secular
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worldview may be an obstacle toward the acceptance of religious affiliated students.
In Israel, the teachers’ sector and students’ sector are not always similar (especially in
national state schools with a traditional population), therefore teachers should be
aware to this challenge. Studies have suggested that students’ rejection of evolution
and their feelings of exclusion in the biology classroom are, in part, the result of
cultural differences between mostly secular instructors and mostly religious students
(Barnes & Brownell, 2016; Hermann, 2012; Southerland & Scharmann, 2013). This
idea is also supported by my finding in which secular teachers in traditional schools
tend to experience higher opposition to evolution than religious and traditional
teachers in traditional schools. It was found that Christian instructors perceived that
their own religious backgrounds have guided their decisions to teach evolution in a
culturally competent way, that they led to a safe environment for students, that
subsequently led to an increase in student acceptance of evolution and reduce student

conflict between evolution and religion (Barnes & Brownell 2018).

To summarize this part, the educational practices that were offered in this part,
based on the attitudes and experiences of religious teachers and scientists, may enable
teachers to relate to their students’ religious based opposition to evolution in a

competent manner that also consider their concerns that were raised here.

5.5. Implications and future directions

The findings of this research indicate the obvious need for intervention
programs in the field, as religious-based opposition to evolution was mentioned as a
challenge for many teachers in Israel. One of the findings of this research was the
important role teachers may have in helping their students accept evolution, which
emphasize the need to supply teachers with knowledge and tools that may enable
them to cope with these challenges in class. In a survey of Israeli teachers, it was
found that many of them see themselves as lacking knowledge about evolution vs.
religion but are willing to invest time participating in seminars and PD courses to
enrich their evolution knowledge (Siani & Yarden, 2020). A few studies in Israel have

presented programmes in which the Jewish sources are deeply discussed in a science
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class or in a teacher’s PD programme (Allouch, 2010; Pear et al., 2015; Pear et al.,
2020). These programmes were effective at decreasing students’ opposition to
evolution, but were best-suited to religious schools, where the students are familiar
with the study of religious texts. In the present research the aim was to create
generalized practices that will fit teachers and students from all sectors in Israel.
Hence, | designed two programs that may fit teachers and students from all sectors:
the first is a PD course, that discuss the practices that were found here and the way to
imply them in class. The second is the introductory lesson to evolution that was also
created according to these practices. Both programs were examined with a small
sample of ~13 participants, but by implementing the conclusions of this research to

wider populations may help improving evolution education in Israel.

Professional development course

In order to implement this study conclusions in a PD course, I summarized the
practices that were offered by our unique population of religious teachers and
scientists, that express the possible co-existence between evolution and religion, and
agreed teachers should provide a response to the religious conflict in class. When they
were asked how to relate to religion in a science class, they offered practical
suggestions, together with challenges and difficulties that are part of the practices and
should be considered when designing such a course. I offer 5 new educational
practices that expands the Religious Cultural Competence in Evolution Education
(ReCCEE) framework (Barnes & Brownell, 2017). These practices are unique as they
were suggested by religious teachers and scientists, who personally faced with the
presumed conflict in their daily life, therefore have interesting insights regarding how
the issue should be related in class, and what are the difficulties it may create.

The practices are:

1. Presenting the issue but not trying to convince the students: Teachers should
consider that their students’ have a free choice and a personal belief system,
and by trying to convince students that they should accept evolution (as
presented in Stahi-Hitin & Yarden 2022a) teachers may achieve the opposite
result and may decrease students’ acceptance of evolution. This practice may

also answer the concern of indoctrination that was raised by some scientists, as
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the teachers will present the students with different approaches without trying
to convince them.

The need to adapt to the students’ culture may be challenging in a
multicultural class, but a PD course should include searching and examining
the different solutions to the conflict that each culture has, as the majority of
teachers may encounter students from different sectors and cultures.

Defining the borders between religion and science is a very important practice,
as the perception of religion as part of science is one of the main concerns of
those who oppose relating to religion in a science class. This study emphasizes
the importance of defining the borders between both. One of the ReCCEE
practices is to relate to the NOS, but here I also claim that in the PD course
teachers should also be presented basically with the nature of religion, which
may enable them to distinguish between the two with their students.

As in many classes, the students’ religious sector may be different from the
teachers’, this study suggests considering a collaboration with a religious
expert. One of the goals in a PD course may be to find such experts, or the
course instructors may offer a pool of religious leaders and scientists who will
be willing to cooperate with teachers. This suggestion may also answer the
ReCCEE important practice of presenting the students with role models.
Relating to the creation story in a science class may sound controversial, but
as the main source of rejecting evolution is the literal understanding of the
creation story, although according to many Jewish rabbis and commentators it
should not be understood literally. Thus, teachers should be aware of the
possible religious perceptions of the creation story, and they can even discuss
it with their students, if they think it might be appropriate and helpful in their

class.

These practices can be used as a basis for generating a PD course, following an

explicit discussion with the teachers regarding their educational goals when teaching

evolution. In addition, the different possible views of the relationship between science

and religion should be discussed. That way, teachers will be familiar with possible

approaches to the controversy, and hopefully will be prepared to address the students’
challenges and difficulties (Scharmann, 2018; Southerland & Scharmann, 2013).
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Exposing teachers to the conceptions of this research population can contribute to
understanding a model for accepting both religion and evolution, which may be
important for every teacher, because religiously affiliated students can even be found
in secular schools. Implementation of these conclusions in teacher PD programs may
help teachers promote their religiously affiliated students toward better learning of
evolution and meaningful learning of science in general.

These practices were implemented in a teacher PD course, that was aimed to
supply teachers with knowledge and pedagogical tools regarding certain topics in
evolution, among them quarter of the total time of the course was dedicated to the
students’ religious based opposition.

At the end of the course, a high proportion of the participating teachers claimed
that they had gained pedagogical tools as well as confidence and sensitivity that
enabled them to better deal with their students' opposition stemming from religious
beliefs. However, some of the teachers claimed that they were not willing to deal with
such opposition, even though the course had given them the tools to do so, as they did
not think it is their duty to deal with religion in the science classroom. Others claimed
that they do not have enough knowledge to deal with religious matters, and mentioned
there is still a need for a comprehensive course that will fit with the Israeli Jewish

population.

Introductory lesson to evolution

The introductory lesson to evolution (Appendix 10) was developed with an
attempt to answer the challenges that were raised in this research regarding the
religious tensions surrounding evolution education. This lesson was based on the
practices that were offered in this research, together with the pedagogical strategies of
ReCCEE. The lesson was designed for the Jewish population of high-school students,
but it can be adapted to different populations of students. The general structure and
principles of the lesson can be discussed in the PD course, while every teacher can
make the needed adjustments.

The introductory lesson was examined in a few classes in Israel, that showed a
high interest and engagement by the students. Data was collected in one of these
classes in a traditional school, demonstrated an initial low acceptance of evolution,

together with a high perception of the conflict. Following the lesson, there was a
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slight increase in the MATE score of acceptance and a decrease in the perception of a
conflict, which may indicate the lesson did affect some of the students, in line with
studies that showed that acknowledging the potential compatibility between evolution
and religion can increase student acceptance of evolution and decrease the perceived
conflict between evolution and religion (Barnes & Brownell, 2018; Truong et al.,
2018). Examination of the lesson among more samples from different populations and
sectors is needed to be able to have a firm conclusion. In addition, the teacher
indicated the lesson was very successful and the students were engaged and
interested, and that she will be using it again in the future.

As was mentioned above, 30% of the students in the class were Messianic
Jews - This class is a unique multi-religious example, which usually is not found in
Israel’s classes, but it calls upon generating solutions also for such classes, as it was
already mentioned that religious solutions can be found in all religions (Zimmerman,

2018).

5.6. Conclusions

This study demonstrated the challenges that Israeli teachers from different
sectors are facing with when teaching evolution. It also examined possible solutions
to these challenges, that are based on the idea that religion is an important part of
some students’ identity, and if teachers want to enhance their students’ scientific
understanding, they should relate to their religious beliefs, rather than disregarding or
avoiding them. Sandford (2020), a science communicator, stated that ‘The key to
effective science communication isn’t the science. It’s communication’; Sanford
further emphasised three important principles in science communication: do not argue
with beliefs, and listen to, and learn about what people think (Sandford, 2020). These
principles may help create efficient science communication, which is very important,
especially with respect to controversial issues among the general public such as
evolution; perhaps they should be adopted by anyone who communicates science,
especially science teachers, who are the mediators of science to future citizens.

This study adds another point of view to the global issue of evolution education

among different societies and religions. The research emphasises the importance of
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relating to teachers’ experiences and perspectives in the academic discussion on
whether to relate to students’ religious faith during science class, because teachers are
at the front line of the controversy. The research offers teachers the opportunity to
relate to students’ religious opposition with sensitivity, and in doing so, potentially
promote their students’ positive perspective of science, thereby enhancing evolution

and science education for all.
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Appendix 2 -MATE questionnaire

07NN 00N IDTTANAN TNX 7D DY D'MDON DNX ATN IT'AA NOY DY .0 TA') NN'WI DD19Y .4

* (1)-% oon x4%,(2)-0'0n x4,(3)-n1va x4,(4)-0v0n (5)

1 2 3 4 5
OO0
OOO0OO
OO0

OO0
OOOOO
OO0

COOO0OO
OOOOO

OO0

OOO0O0O
COOOOO

COOOOO
- - -

- . -
COOOOO

COOOOO

COOOOO

122

.Y 232 7272 NNX NO9'7X [NO

DRYIN 0N DI D'NEN D'RTIIND
IWWNNNY DAYI7aX 0% Y
.09 21" Juna

N'MUX'N 7 QNN DX INYT 1N XY
JWTH DN NI

¥ ANYIN 0N DI D'NTIBN DTN N2
YN IWNNAY DIYI7AN 00N
.09 UM

NN 7Y NOoN A'XI7TAXN N'MIX'N
NN N'OXN 2 X1 1T XYY
Ny

N'UN'T DX D' 0Dy TN AN
DOPN TN IR AYIZIAND
TN D'NDIN DY'N DI'D OM"'PN DIININ
NYNNN AYIIAND DX N'YNYn
NN

7% 20-n NIND XIN YIXD WD 72
.0

091N Y N'NIYnYn nind vt
AYI7IAND NTUN'NA DDRIMN

MI¥D DNINA DIFD DN DNRTIAIND
"N MY " ik ning® n'o'oan
.Tnn

NOPNY NMINN NI'N ANITIAND
JN'y™m

TIN''D 4 NINDYT KIN YIND W 72
Y

N'D DTNORN AYIZIAND NIRTD
NN NI0'WI DPNN 7 IRYIN
.0'o0AN DY

NIFTNN MWORN YITIARD N'MIND
NHDNIY Yaon 071 YU 09"ONN A7
TN 'Y

N 22 X7 AaNRRD NUNN
NN DX NNIO N DIYN M)
TIPN AN NN

N'0'02N DNNINA D'AIT DI DTNN 2
.071yn1 TNN 'Y DTN MY

T 29 nONN) ANIZIAND IR
0100 ,0"NTAY DIIM
.0"nTani

(onpIn) n'ymn A7 0N D'WIN
Y7128 NIYNINNA 790 0'Y'0N
NIYNYN NIND AYIZARD NMIND
XY NRIYA NIFANINNTE DD'OXNY
DIV D'NIININ 73X O'RN

oMY 77900 o'RYI 190N vynY
72 YIRD WD 99 Y eI 0N
Nt mixa

NOPNY NMINN K'D ANIZIAND
YD



Appendix 3 -Evolution questions from the matriculation exams:
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Appendix 4 — Pre interview questionnaire
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Appendix 5 — Teachers and scientists’ interview
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Appendix 6 - Summary of the approaches on the relationship between science
and religion (Yasri et al. 2013)
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Summary of the correspondence between the full set of published views on the relationship between
science and religion. The terminology used in this paper to discuss the different positions is shown

in italics the header of each box and the corresponding views from other work are listed below using
the original category names. Citations labelled 1-6 are taken from the philosophical literature and a—
d from the educational literature (1 = Polkinghorne (1986), 2 = Barbour (1990), 3 = Haught

(1995), 4 = Nord (1999), 5 = Alexander (2007), a = Yasri and Mancy (2012), b = Taber et al.

(2011), ¢ = Shipman et al. (2002) and d = Hokayem and BouJaoude (2008) (STR Science Trumps
Religion, RTS Religion Trumps Science, SSR Science Supports Religion, RSS Religion Supports
Science)
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Appendix 7 - Science and Religion Self-ldentification Inventory (SRSII):
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Appendix 8 - Meeting schedule of the teacher training course

The parts of the teacher training course that are dealt with in this paper are in italics.

Type of Content/scientific Pedagogical®
meeting knowledge
1. Lecture by an expert in Pedagogical discussion with the teachers regarding:
Synchronous | ecology and evolution: i. Challenges in teaching evolution.
"The evolution of ii. Difficulties in teaching and learning evolution.
arthropods as an example of | iii. Alternative conceptions of evolution among students.
the new synthesis in From the science education literature aspect.
evolutionary research"
2. Teachers read articles Forum discussion:
Asynchronous | concerning: i. What opposition to learning evolution do you hear in your classes? (Select the three most
i. Arguments against the prominent from a list of 10 arguments.) How do you as a teacher deal with the students’
teaching and learning of opposition to learning evolution?
evolution (Tsanza, 2014) ii. What alternative concepts in evolution do you perceive in your classes? How do you as a
ii. Alternative concepts in teacher deal with them?
evolution Teachers wrote their answers and responded to other teachers.
3. A lecture by an expert in i. Discussion with the teachers regarding difficulties in teaching human evolution.
Synchronous | ancient DNA and human ii. Experiencing an online activity on human evolution regarding lactose resistance:
evolution: "Human https://petel.weizmann.ac.il/biology/login/signup.php?key=T6518373X&lang=en
evolution. What can you
learn about it from ancient
DNA?"
4. Teachers watch two online Forum discussion:
Asynchronous | lectures on human evolution | i. In light of the human evolution lectures, should this topic be included in the biology
curriculum?
ii. How should it be taught in the classroom?
5. A lecture by a biologist with | i. Exposing teachers to pedagogical tools that will aid in dealing with students' opposition
Synchronous | expertise in theology: stemming from religious beliefs.
"Theological solutions in ii. Discussion with the teachers using the following leading questions:
the field of evolution” 1. Should one engage in the religious context during the teaching of evolution, before or after
it?
2. Can the ideas for theological solutions to this conflict presented in the lecture help you when
you teach evolution? Explain which ideas, and how they can help.
3. Can the principles of culturally adapted teaching help your teaching? Which principles?
How can they be applied in class?
4. For teachers who teach mainly a secular population: Is it worth engaging in this topic even
if there is no opposition from the students? Why?
6. Teachers read an article Forum discussion:
Asynchronous | about students' opposition i. Is it worth dealing with issues related to religion in a science class?
stemming from religious ii. How did the 5" meeting help you deal with questions of religion and science in your class?
beliefs iii. Plan a lesson that deals with religious opposition in your class. Specify the stage when you
will teach the lesson, explain why you chose the specific topic and what sources you used.
7. A guided tour of the Discussion with the teachers regarding the way to use a museum tour as a tool for teaching
Synchronous | National Natural History evolution.
Collections at the Hebrew
university in Jerusalem.
8. Forum discussion: Forum discussion:
Asynchronous | i. What scientific In light of the lessons learned:

information was new to you
on the tour?

ii. Which of the collections
did you find most
interesting and relevant?

i. Choose three ideas from the 2010 biology curriculum (Ministry of Education, 2010) in which
evolution was an extended topic and explain why it is important to teach these ideas.
ii. Choose one idea that you think can be omitted from the curriculum and explain why.
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Appendix 9. Summarizing task of the teacher PD course

1. Did you join the course to expand your knowledge of evolution or because of difficulties in teaching the topic in your
classroom? Is there another reason? Answer in detail.
2. Have you ever participated in an evolution course? What was the added value of this course, if there was one?
3. (a) Specify how relevant each of the four synchronous meetings was for you. Refer to the scientific knowledge and to
the pedagogical knowledge.

(b) Which of the meetings was most significant to you?
4. Was the division of the meetings/sessions into a scientific part and a pedagogical part helpful to you? Use examples.
5. Which of the content taught in the course will you take to your classroom? Explain why.
6. Did the assignments/tasks in the course have an added value beyond what was discussed during the meetings?
Which of the assignments/tasks? Explain.
7. Have you been teaching human evolution in your classes? Will the course change your approach? Why?
8. Have you been teaching religious belief and evolution in the classroom? Has the course changed your approach?
Why?
9. What teaching materials (books/online courses, etc.) do you use to teach the subject of evolution?
10. Do you think there was unnecessary content in this course? What content, and why was it unnecessary?
11. Are there any other issues in evolution that you wanted the course to deal with? What issue and why?
12. Which of the topics presented in the course would you like to appear in new teaching materials?

13. Would you like to participate in further courses on evolution? Explain.

2 The parts of the teacher training course that are dealt with in this paper are in italics.
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Appendix 10 — Introductory lesson to evolution
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Appendix 11 —example of students’ answers to the brainstorming

The students were asked what comes to their mind when they hear the word

“evolution”, and here two examples from two different classes are presented:
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Appendix 12 - Example of students' answers to the activity: “who believes in

evolution?”
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