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Abstract

Hundreds of studies have explored student evolution acceptance because evolution is a core concept of biology

that many undergraduate biology students struggle to accept. However, this construct of “evolution acceptance”

has been defined and measured in various ways, which has led to inconsistencies across studies and difficulties

in comparing results from different studies. Many studies and essays have offered evaluations and perspectives

of evolution acceptance instruments, but publications with a focus on consensus building across research teams

is still needed. Further, little attention has been paid to how evolution acceptance instruments may be interpreted dif-
ferently by students with varied religious backgrounds. Funded by a Research Coordination Network in Undergradu-
ate Biology Education grant from the National Science Foundation, we gathered 16 experts from different disciplinary
and religious backgrounds to review current evolution acceptance instruments and create a guide to the strengths
and weaknesses of these instruments, including appropriate contexts for using these instruments and their potential
weaknesses with different religious populations. Finally, in an attempt to move the field forward, we articulated a con-
sensus definition of evolution acceptance that can be used to guide future instrument development.
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Introduction

To understand how to improve student evolution accept-
ance, evolution education researchers have extensively
explored the extent to which students accept evolution
(Barnes et al. 2022b; Dunk et al. 2019; Rice et al. 2011)
as well as the variables and interventions associated
with higher levels of evolution acceptance (Barnes et al.
2020; Bowen et al. 2022; Dunk et al. 2017; Fiedler et al.
2019; Glaze et al. 2014; Green and Delgado 2021; Lind-
say et al. 2019; Rutledge and Sadler 2011; Wiles 2014;
Wiles and Alters 2011). However, even though evolu-
tion acceptance is a key construct in evolution education
research, methods and recommendations for measur-
ing evolution acceptance vary widely (Mead et al. 2019;
Nadelson and Southerland 2012; Sbeglia and Nehm 2018,
2019; Smith 2010; Smith et al. 2016), which can contrib-
ute to inconsistent results and conclusions from studies
aimed at improving evolution acceptance (Barnes et al.
2019). Although several publications have evaluated and/
or reviewed certain evolution acceptance instruments
(Kuschmierz et al. 2020; Lloyd-Strovas and Bernal 2012;
Mead et al. 2019; Metzger et al. 2018; Romine et al. 2018;
Sbeglia and Nehm 2018, 2019; Smith 2010; Smith et al.
2016), a guide of the strengths and weaknesses of each
instrument and the appropriate populations for their use
does not yet exist, which limits the utility of these rec-
ommendations because it requires one to engage with
multiple publications to contrast different evolution
acceptance instruments. Further, current studies and
recommendations for measurement in evolution accept-
ance research are written by individuals (Smith 2009),
single research teams (Sbeglia and Nehm 2018, 2019), or
smaller collaborative groups (Barnes et al. 2019; Benier-
mann et al. 2023; Glaze et al. 2020; Smith et al. 2016). So,
these recommendations may not be representative of the
evolution education community. Thus, it is an important
time to establish current consensus recommendations
from a wide range of experts and research teams about
evolution acceptance measurement to guide the field
forward.

It is also important to begin establishing a potential
consensus about measurement of evolution accept-
ance across research fields. There are distinct lines of
peer reviewed evolution education research in cogni-
tive and developmental sciences (Evans 2001; Evans and
Lane 2011; Gervais 2015; Shtulman 2006; Shtulman and
Calabi 2012; Shtulman and Schulz 2008; Shtulman and
Valcarcel 2012), sociology and social psychology (Baker
2013; Baker et al. 2018; Elsdon-Baker 2015; Hill 2014,
Leicht et al. 2022; McPhetres et al. 2021; McPhetres and
Zuckerman 2018; Unsworth and Voas 2018, 2021), edu-
cational psychology (Dole and Sinatra 1998; Sinatra et al.
2014; Southerland et al. 2001), theology (Austriaco 2019;
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Loke 2016; McGrath 2021), and discipline based educa-
tion research (Asghar 2013; Barnes et al. 2020; Eddy et al.
2013; Glaze et al. 2014; Graves 2019; Holt et al. 2018;
Jensen et al. 2019; Nehm and Schonfeld 2007; Sbeglia
and Nehm 2020; Verhey 2005; Wiles 2014) that seek to
understand low acceptance of evolution. Unfortunately,
researchers in these fields rarely speak across their dis-
ciplinary boundaries about how to measure evolution
acceptance. This siloed approach to understanding evo-
lution acceptance means that studies may only consider
the disciplinary knowledge of those who are conducting
the studies and the literature base surrounding evolution
acceptance from that discipline. Even within disciplines,
researchers define and measure evolution acceptance dif-
ferently, making studies difficult to compare (Lloyd-Stro-
vas and Bernal 2012; Smith 2010). To mitigate this issue,
we gathered experts from relevant disciplines to meet
and contribute to an expert review of instruments being
used in evolution acceptance research.

An additional focus of the meeting was to evaluate
instruments based on their suitability for religious pop-
ulations. While many factors have been shown to pre-
dict students’ evolution acceptance [for example, their
understanding of evolution (Barnes et al. 2019; Carter
and Wiles 2014; Glaze et al. 2014; Nadelson and Souther-
land 2010; Rutledge and Warden 2000), understanding of
the nature of science (Dunk et al. 2017; Dunk and Wiles
2018), religiosity (Dunk and Wiles 2018; Gutowski et al.
2023; Heddy and Nadelson 2012; Jensen et al. 2019), reli-
gious affiliation, and demographic factors such as edu-
cation level (Heddy and Nadelson 2013), race/ethnicity
(Sbeglia and Nehm 2018), and gender (Sbeglia and Nehm
2018)], one’s perceived conflict between their religion
and evolution has been shown to be the most predic-
tive factor for religious students’ acceptance of evolu-
tion in the United States (Barnes et al. 2021b). Despite
this importance of perceived conflict with religion, little
attention has been paid to validity concerns of evolution
acceptance instruments for individuals with different
religious identities (Barnes et al. 2022a; Beniermann et al.
2023; Misheva et al. 2023).

Specifically, few prior studies have examined content
validity evidence based on religious identity (Beniermann
et al. 2023). Content validity refers to the extent that the
items of the instrument align with the construct being
measured (see, AERA et al. 2014). While many developed
instruments included expert review in their initial crea-
tion, it is not clear that the instruments were reviewed
to consider different religious groups (Glaze et al. 2020;
Nadelson and Southerland 2012; Rutledge and War-
den 1999) except in the case of one single instrument
recently published (Beniermann et al. 2021a). Thus, items
may have construct irrelevant aspects that experts with
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diverse experience with religious populations may be able
to identify. For evolution acceptance, this means evalu-
ating the extent to which students are answering survey
questions based on their evolution acceptance and not a
separate construct such as their religious identity or their
understanding of evolution (i.e., their ability to answer
questions on an evolution test). Is there sufficient con-
tent validity evidence for atheists compared to Muslim
and Christian students? For example, several existing
instruments ask the extent to which a student agrees that
religious texts like the Bible conflict with evolution (Beni-
ermann et al. 2023; Rutledge and Warden 1999; Smith
2010; Smith et al. 2016) but many students may subscribe
to a religious text that is not the Bible. A Christian stu-
dent would likely answer this based on their own evolu-
tion acceptance and an “agree” would indicate rejection
of evolution but this same response from an atheist stu-
dent would likely have little to do with their evolution
acceptance (Barnes et al. 2022a). Other items within
instruments refer to God as a creator, making them dif-
ficult to navigate for respondents who are non-religious
or those who belong to polytheistic religions. Content
validity based on religious identification has been evalu-
ated recently using statistical methods (Beniermann et al.
2023) and the authors identified several items on evo-
lution acceptance instruments that differentially func-
tioned for highly religious populations in Germany. Thus,
we posit that we need to further evaluate content validity
of instrumentation with expert reviewers and through a
variety of religious lenses if we want to improve evolution
acceptance measurement.

Why is evaluating evolution acceptance
instruments important?

There is a growing concern that “evidence” used to
make evidence-based decisions in education is inaccu-
rate because of a lack of rigor in the development of the
instruments (Dunk et al. 2019; Lloyd-Strovas and Bernal
2012; Mead et al. 2019; Nehm and Mead 2019). While
we acknowledge that a tremendous amount of work and,
in many cases, rigorous efforts have gone into develop-
ing evolution acceptance instruments, we argue that
these instruments can still be improved, and this would
better establish trust in the field of evolution education.
The concerns about current evolution acceptance instru-
ments have been so extensive that Evolution: Education
and Outreach dedicated an entire recent issue to meas-
urement in evolution education studies (Nehm and Mead
2019). Further, a recent perspective piece coauthored
by evolution education researchers, including members
of the network, in Nature: Ecology and Evolution, high-
lighted the need for more consistent evolution accept-
ance measurement (Dunk et al. 2019). These recent
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publications indicate that it is an important time for evo-
lution education researchers to come together to address
the problem of evolution acceptance measurement.

Although many instruments to measure evolution
acceptance have been developed and published, the
range of existing instruments means that evolution edu-
cation researchers must decide the best way to meas-
ure evolution acceptance and that researchers are often
trying to compare findings from studies that use differ-
ent instruments. Recent studies have addressed this by
administering multiple instruments together to compare
them (Barnes et al. 2019; Metzger et al. 2018; Romine
et al. 2018) and showed many similarities between instru-
ments. However, when researchers administered multiple
evolution acceptance surveys to undergraduate biology
students they found that different instruments used to
measure evolution acceptance given to the same students
led to different research results and conclusions (Barnes
et al. 2019). This indicated that inconsistencies of results
across studies that have been noted by researchers (Beni-
ermann et al. 2023; Lloyd-Strovas and Bernal 2012; Smith
2010) could have been due to differences in the instru-
ment used to measure evolution acceptance.

Convening a group to provide expert evaluation

of current evolution acceptance instruments

We convened a group of 16 experts in evolution educa-
tion research to address these issues through a National
Science Foundation Research Coordination in Under-
graduate Biology Education (RCN UBE) incubator grant
(all of whom are authors on this report). The idea origi-
nated as a group discussion with PI team S.E.B., M.E.B.,
J.R.W., and ].J. and one network member (R.D.P.D.) at the
2019 summer meeting for the Society for the Advance-
ment in Biology Education Research (SABER) about how
best to measure evolution acceptance to allow compari-
sons between studies. To move forward and make mean-
ingful strides in improving evolution acceptance, we
posited that evolution education researchers across disci-
plines and representing different religious beliefs need to
come together to identify areas of consensus.

With any invited meeting with limited spots, it is
impossible to include all individuals who have contrib-
uted to the evolution acceptance literature. We were able
to recruit individuals from the following disciplinary per-
spectives: discipline-based education research, science
education, cognitive psychology, theology, psychomet-
rics, and evolutionary biology, most of whom have pub-
lished at least one novel measure of evolution acceptance.

We also gathered experts with experience measuring
evolution acceptance among populations of varying relig-
iosity and religious affiliations. We had participants who
have taught evolution at a religious institution (J.R.K.,
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J.J.), have taught evolution at a secular institution with a
significant religious population (E.A.H., A.L.T,, M.E.B.),
and who have taught evolution at a secular institu-
tion with an average religious population (J.P.C., J.R.W.,
M.E.B.) Our experts themselves came from a diversity of
religious and non-religious backgrounds (Table 1). Nota-
bly, over half of our participants have been religious at
one time and a third of the participants are currently reli-
gious. Our shared positionality that guided our work as a
network is that (1) Evolution acceptance is an important
construct that can be measured, (2) We do not advocate
the teaching of alternatives in opposition to evolution
(e.g., special creationism, intelligent design), and (3) One
can be religious and still accept the fundamental tenets
of evolution. Our network came together with these as
shared core values.

To balance the current disparate reviews and recom-
mendations that exist in the evolution acceptance liter-
ature, we focused on areas of consensus reached by the
group to clarify areas of agreement among a diversity of
experts. This meeting report includes experts’ consensus
views on strengths, weaknesses, and uses of current evo-
lution acceptance instruments, including potential limi-
tations of each instrument for religious students. Since
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varying definitions of evolution acceptance likely under-
lie inconsistencies between current instruments, we also
developed a potential consensus definition of evolution
acceptance to guide future instrument development.

Method for determining consensus
recommendations

The network spent significant time evaluating nine
total evolution acceptance instruments: six multi-
item instruments that have multiple sources of peer-
reviewed validation evidence and three single-item
instruments that have been widely used in the evolu-
tion education literature. These included the Meas-
ure of Acceptance of the Theory of Evolution (MATE)
(Rutledge and Warden 1999) and its revised version
the MATE 2.0 (Barnes et al. 2022a), the Generalized
Acceptance of EvolutioN Evaluation (GAENE) (Smith
et al. 2016) and its revised version the GAENE 3.0
(Glaze et al. 2020), the Inventory of Student Evolution
Acceptance (I-SEA) (Nadelson and Southerland 2012),
and the Evolution Education Questionnaire, Attitudes
Towards Evolution Subscale (ATEVO-EEQ) (Benier-
mann et al. 2021a). All instruments in a ready to use
format can be found in the Additional file 1. Prior to

Table 1 Description of network members’ childhood religious background, experience with conflict between religion and evolution,
experience rejecting evolution, current religious identity, and self-reported experiences/expertise with specific religious populations

Network Childhood religious Past conflict Rejected Current religious Self-reported prior experience/
member background with religion and evolution in or philosophical expertise with religious
evolution? the past? identification: populations:
1 Christian (Methodist) Yes Yes Atheist Christian
2 None No No Agnostic Judeo-Christian
3 Christian (CJCLDS") No No Christian Judeo-Christian (CJCLDS)
4 Christian (church of Christ) Yes Yes Humanist? Evangelical Christian, Muslim,
Humanist
5 Christian (evangelical), secular Yes Yes Atheist Judeo-Christian
6 Agnostic No No Buddhist Christian, Muslim, Hindu, Buddhist
7 Atheist No No Agnostic None
8 Christian (Lutheran) No No Christian Christian (mainline and evangeli-
cal)
9 Atheist No No Christian Christian, Jewish, Muslim
10 Agnostic No No Atheist Judeo-Christian
11 Jewish No No Atheist Judeo-Christian
12 Christian (evangelical Southern  Yes Yes Unitarian Christian Christian (mainline and evangeli-
Baptist) cal), Unitarian
13 Methodist, Unitarian Universalist, No Unsure None Judeo-Christian
Secular
14 Christian (Roman Catholic) Yes No Agnostic Christian (Roman Catholic)
15 Muslim (Sunni Islam) Unsure Yes Muslim (Sunni Islam) Muslim, Atheist, Catholic, Christian
16 Agnostic No No Agnostic Judeo-Christian

" The official name of Latter-day Saints is the Church of Jesus Christ of Latter-day Saints (CJCLDS), formerly known as LDS or Mormon, but both terms are no longer

recommended

2 Humanism is a progressive philosophy of life that affirms our ability and responsibility to lead ethical lives of personal fulfillment that aspire to the greater good
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the meeting each network member was sent a bibli-
ography of the published papers of the instruments
as well as the most up to date research at that time on
evolution acceptance measurement (the bibliography
included: Barnes et al. 2019; Barnes et al. 2022a; Beni-
ermann et al. 2021a; Glaze et al. 2020; Mead et al. 2019;
Nadelson and Southerland 2012; Romine et al. 2018;
Rutledge and Sadler 2007; Rutledge and Warden 1999;
Sbeglia and Nehm 2018, 2019; Smith 2009; Smith et al.
2016). So, if some network members were not familiar
with some of these papers, they were able to familiarize
themselves with them before coming to the meeting.

To determine consensus opinions among experts on
evolution acceptance measurement, we evaluated the
extent of content validity for each instrument based on
expert review (see American Educational Research Asso-
ciation, American Psychological Association, National
Council on Measurement in Education, 2014, pg. 13-15
for a description of content validity). To evaluate validity
evidence based on expert review for each instrument, the
Co-PI team asked the network members to individually
review each of these instruments based on their strengths
and weaknesses before they came to the meeting, includ-
ing item-level feedback, and to specifically consider how
the instruments would perform with different student
populations, including different religious populations.
All responses were collected digitally through Qualtrics®.
The Co-PI team summarized member responses and pre-
sented them to the group, and members were able to go
through each summary and either agree or disagree, as
well as add additional comments. Subsequently at the
meeting, network members were assigned to one of four
groups to discuss a group of instruments and report back
to the larger network the strengths and weaknesses of
each instrument. Then, each group presented their evalu-
ation and discussed each instrument in detail with the
larger group. Participants were given anonymous sur-
veys at various points in our discussions to pinpoint any
disagreements that participants did not want to report in
front of the group. The Co-PI team subsequently identi-
fied all points of consensus among the group and co-
wrote the meeting report, which was then reviewed by all
members of the network for approval. Of note, several of
our network members have authored one of these instru-
ments (MATE 2.0 M.E.B,, TM., S.E.B; I-SEA: L.S.N,;
GAENE 3.0: A.L.T.), which represents both a source of
information and a conflict of interest. To try to minimize
this concern, no author of an instrument was part of the
group to review that instrument, although everyone par-
ticipated in individual feedback and the group discussion.

Below, we provide a brief background and description
of each instrument, previous critiques from the pub-
lished literature about that instrument, and what network
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members identified as strengths and weaknesses of that
instrument.

What are the strengths and weaknesses of current
instruments that exist to measure evolution
acceptance?

Multi-item instruments

Measure of Acceptance of the Theory of Evolution (MATE)
(Rutledge and Warden 1999)

History, description, and prior critiques The original
MATE (Rutledge and Warden 1999) has been by far the
most used instrument in evolution education research to
measure evolution acceptance (Barnes et al. 2022a; Mead
et al. 2019), despite persistent criticisms of this measure
(Beniermann et al. 2023; Lloyd-Strovas and Bernal 2012;
Smith 2009). The MATE was originally created to measure
evolution acceptance among high school biology teachers
in Indiana, but has since been used to measure evolution
acceptance of a wide variety of populations both within
and outside the United States (Athanasiou and Papado-
poulou 2012; Deniz et al. 2008; Moore and Cotner 2009;
Trani 2004). The MATE consists of 20 items rated on a
5-point Likert scale from strongly disagree to strongly
agree, with “undecided” as the midpoint. Content valid-
ity was established via expert review from evolutionary
biologists, science educators, and a philosopher of sci-
ence. While the authors reported that a factor analysis of
the MATE revealed only one factor (Rutledge and Warden
1999), subsequent work has shown that the instrument
may be multidimensional, with negatively worded items
and positively worded items falling on separate dimen-
sions (Metzger et al. 2018; Romine et al. 2018; Sbeglia and
Nehm 2019).

The authors of the MATE did not provide an explicit
definition of evolution acceptance, but they did describe
what aspects of evolution they sought to address: (1) evo-
lutionary processes, (2) available evidence of evolution-
ary change, (3) evolutionary theory’s ability to explain
phenomena, (4) human evolution, (5) the age of the
earth, (6) validity of science as a way of knowing, and (7)
the current status of evolutionary theory within the sci-
entific community. Subsequent authors have provided a
post-hoc definition of evolution acceptance based on the
survey items (Romine et al. 2017). The MATE has been
criticized for including the constructs of understand-
ing of evolution, understanding of the nature of science,
and scientists’ views of evolution, which is likely in part
because of its ambiguous definition of evolution accept-
ance (Smith 2010). Importantly, the MATE could lead to
inflated correlations with these factors because research-
ers often seek to determine the relationship between con-
structs such as acceptance and understanding (Barnes
et al. 2019, 2022a; Smith 2010). This instrument also
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repeatedly uses the word “evolution” without specifying
the scale (microevolution or macroevolution) or context
(humans or non-humans). Researchers often justify using
the MATE because of its prior prevalent use (Metzger
et al. 2018; Nadelson and Southerland 2012; Romine et al.
2017; Sbeglia and Nehm 2019; Smith et al. 2016).

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, network
members identified both strengths and weaknesses of the
MATE and offered recommendations for its use going
forward. Generally, network members agreed that a key
feature of the MATE is that it has been highly used, so
there is a broad literature base of it being used with high
school students, high school teachers, K-12 teachers in
training, undergraduates (majors and non-majors), in sev-
eral international settings and in different religious popu-
lations. The questions on the MATE are relatively easy to
understand. Additional strengths of the instrument, from
a researcher’s perspective, is that it is relatively short, and
therefore can be completed by respondents rather quickly.

However, several serious weaknesses were identified.
Though there was overall agreement that the language
was appropriate for undergraduate biology students,
some network members noted some confusing word-
ing in certain items, such as the word “meaning” in “The
theory of evolution brings meaning to the diverse charac-
teristics and behaviors observed in living forms.” Another
weakness is that some items assess an understanding of
evolution potentially giving students the impression that
the instrument is looking for the “right” answer instead of
eliciting students’ personal opinions or acceptance of the
information. Additionally, due to the conflation of under-
standing of evolution and the nature of science with
acceptance, students who score at the same level of over-
all acceptance (i.e., the composite score) may vary widely
in their acceptance, rejection, or knowledge of different
aspects of evolution or the conflated constructs. The net-
work members noted the several published critiques of
this instrument for these reasons and others, including
that the MATE operates multi-dimensionally (measures
multiple constructs). In addition, due to the presence
of negatively and positively coded items that are simi-
lar (e.g., “The age of the earth is less than 20,000 years”
and “The age of the earth is at least 4 billion years”), the
MATE can seem redundant; while psychometrically
desirable, this redundancy may make respondents feel as
though they are answering the same question repeatedly,
which can contribute to survey fatigue.

Considering the relationship between evolution and
religion, the network members’ assessment was that
a significant weakness of the MATE is that it is Chris-
tian-centric (or at least Judeo-Christian-centric) since it
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directly references the Bible. Given this, there are valid-
ity concerns with the MATE for Muslim students and for
agnostic or atheist students who do not consider bibli-
cal texts as valid or who may not even be familiar with
the Bible. There is additional risk, given its direct refer-
ence to religion, that the MATE may be viewed as pre-
senting conflict between science/evolution and religion.
For example, the item “The theory of evolution cannot
be correct since it disagrees with the Biblical account of
creation” might be read as meaning that these ideas must
be mutually exclusive.

Recommendation for the MATE: Because of the
listed weaknesses, we as a network recommended that
the MATE is valuable only for use in comparison studies
with prior research in which it has been employed, given
that it has been used for decades and has been used in
many contexts. The content validity issues of the MATE
(Smith et al. 2016), and subsequent response process
validity issues that have been uncovered with the MATE
(Barnes et al. 2022a) make it not suitable for most evolu-
tion education researcher interests.

MATE 2.0 (Barnes et al. 2022a)

History, description, and prior critiques 'The MATE 2.0
(Barnes et al. 2022a) is a revised version of the MATE
meant to address prior criticisms. The MATE 2.0 consists
of 9 items rated on a 5-point Likert scale from strongly
disagree to strongly agree, with “neutral” as the midpoint.
To revise the original MATE, the authors of the MATE 2.0
first evaluated the response process validity of the original
MATE by conducting cognitive interviews with 62 under-
graduate students. The results empirically documented
what researchers had previously voiced as potential limi-
tations of the original MATE. The authors also newly
found that students were unsure of what was meant by
“evolution” in many items; these students answered based
on an interpretation of “evolution” that includes concepts
they agree with (e.g., microevolution) and excludes con-
cepts they disagree with (e.g. human macroevolution).
Based on these findings and criticisms from the prior
literature, the authors revised some items, deleted items
that could not be revised, and then conducted 29 addi-
tional cognitive interviews on the revised instrument,
documenting a reduction in the response process errors
from the previous version. The authors also provided a
definition of evolution acceptance for their new instru-
ment: “The agreement that it is scientifically valid that
all species have evolved from prior species” and added a
prompt that instructs the survey taker to answer based on
their own opinion. The authors administered the MATE
2.0 to students in 22 undergraduate biology classes across
the United States and gathered structural validity evi-
dence through a Rasch dimensionality analysis, reliabil-
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ity evidence by calculating a Cronbach’s alpha coefficient,
and concurrent validity evidence through correlations
with other measures of evolution acceptance. An impor-
tant change from the MATE to the MATE 2.0 is that the
focus of each item on the MATE 2.0 is on macroevolu-
tion and species change, whereas some items on the origi-
nal MATE could have been interpreted as asking about
microevolution alone.

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion of the
revised MATE 2.0, network members identified both
strengths and weaknesses and offered a recommenda-
tion for its use going forward. This revised instrument is
shorter and simpler than the original MATE. In response
to criticisms of the original MATE, the MATE 2.0 includes
a user prompt explicitly explaining that student responses
should reflect their own opinions. Thus, this revised ver-
sion minimizes conflation of understanding and accept-
ance of evolution.

Although the MATE 2.0 addresses many of the notable
problems with the original instrument, network mem-
bers still identified some weaknesses. First, it is relatively
new and consequently has not yet been tested in as many
contexts as the original instrument. Similarly, because
of the significant differences between it and the origi-
nal MATE, it cannot be used for comparison with prior
research that used the original MATE. Network mem-
bers also pointed out the potential for students to have
different conceptions of what instrument items mean
when asking about “previous” or “earlier” “species’, such
as in “Current scientific evidence suggests that new spe-
cies can evolve from earlier species.

Considering its functioning with religiously diverse
participants, the MATE 2.0 has the advantage of not ref-
erencing religion and thus not being specific to Christi-
anity. Thus, due to its more religiously inclusive nature,
it is likely to be more applicable across different settings
and within more religiously diverse populations, includ-
ing Muslim students as well as agnostic and atheist indi-
viduals. However, because the MATE 2.0 only assesses
macroevolution acceptance, it may not accurately capture
the nuance of individuals who accept some evolutionary
principles but do not accept an old Earth or, alterna-
tively, it may suffer from a floor effect in highly resistant
populations who only accept microevolution. Interest-
ingly, it refers heavily to speciation or change specifically
at the species level to assess macroevolution, which
some creationists—who reject large-scale evolutionary
change—may construe as acceptable “microevolution”
or small-scale change within “created kinds” (gener-
ally believed to be at the taxonomic level of “family” or
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“order”), causing an overestimation of acceptance among
those populations.

Recommendation for the MATE 2.0: It was the con-
clusion of the network that the MATE 2.0 is preferred
in almost all situations to the original MATE with the
exception of comparison to previous studies employing
the original instrument. In addition, the MATE 2.0 is rec-
ommended for populations with heterogeneous world-
views where a more Christian-centric instrument would
be less appropriate.

Inventory of Student Evolution Acceptance (I-SEA) (Nadelson
and Southerland 2012)

History, description, and prior critiques The I-SEA was
created to improve upon the original MATE by subdivid-
ing the measurement of evolution acceptance into three
distinct subscales for microevolution, macroevolution,
and human evolution (Nadelson and Southerland 2012).
The authors made these distinctions based on prior
research showing that students commonly perceive differ-
ences between microevolution and macroevolution, and
between human and non-human evolution, even though
these concepts are not biologically different (Nehm and
Ha 2011; Reznick and Ricklefs 2009).

The I-SEA consists of 24 items with 8 items in each
subscale; it is scored on a 5-point Likert scale ranging
from strongly agree to strongly disagree, with “unde-
cided” as the midpoint. During instrument develop-
ment, an initial set of items was drafted based on student
interviews, and think-aloud interviews were performed
with four high school and college students to assess item
clarity (Nadelson and Southerland 2012). Content valid-
ity was established using expert reviews by nine college
biology faculty. The authors performed an exploratory
factor analysis to reduce the initial item set to the 24
items present in the final draft, and then re-tested this
final draft using a confirmatory factor analysis. Results
of the confirmatory factor analysis showed that group-
ing the items into the three subscales fit the data well.
Validation was conducted using high school and college
student populations (Nadelson and Southerland 2012).
However, a later study using Rasch analysis based on data
from 2130 undergraduates found that items in the human
evolution subscale may form two clusters, which approxi-
mately correspond to human microevolution and human
macroevolution, but these findings were preliminary
(Sbeglia and Nehm 2019). Furthermore, additional cog-
nitive interviews with 22 college students revealed that
students with little to no prior exposure to college-level
biology struggled to interpret many of the items because
they lacked relevant scientific knowledge (Misheva et al.
2023).
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Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, network
members identified both strengths and weaknesses of the
I-SEA and offered a recommendation for its use going for-
ward. One of its main advantages is that it divides items
into three distinct subscales: microevolution, macroevo-
lution, and human evolution, which can be administered
as one large survey or individual subscales. This is useful
because prior research suggests that students can have
very different levels of acceptance of evolution depending
on whether they are thinking about small changes in pop-
ulations over time (microevolution), large changes like
speciation (macroevolution), or human evolution (Barnes
etal. 2019, 2021a, 2022b; Evans 2008; Pew 2013; Rachmat-
ullah et al. 2018). So, this instrument allows researchers to
disaggregate evolution acceptance by these constructs and
use these results to assess the efficacy of interventions that
target specific forms of evolution rejection (e.g., rejection
of human evolution). Additionally, these three subscales
clearly align with common instructional goals and allow
researchers (and instructors) to obtain a more detailed
profile of a student’s views on evolution than is possible
with a single-construct measure. It also contains nega-
tively coded items as attention checks, which some could
consider more psychometrically sound. However, Romine
et al. (2018) shows that these negatively coded items on
the I-SEA show multi-dimensional behavior and Sbeglia
and Nehm (2019) recommend reversing these negatively
worded items. At the meeting, we discussed the idea that
the negatively coded items entail a greater amount of
cognitive load, which may be responsible for the multi-
dimensional behavior. This is supported by Romine et al.
(2017), who found that the negatively worded dimension
has two times more variance shared with knowledge of
macroevolution than the positively worded dimension.

A main weakness identified by network members was
that the I-SEA contains a number of items that use sci-
entific jargon and refer to biological concepts that may
be unfamiliar to students with less biology background
(e.g., “Humans were derived from ancestral primates”),
which can lead to conflation between knowledge about
and acceptance of evolution. As such, the I-SEA may
be more appropriate for student populations that have
had some prior exposure to college-level biology, such
as students in an upper-level biology course. The phras-
ing of some items may also be grammatically challeng-
ing and may pose difficulties for students who speak
English as a second language (e.g., “I think there is an
abundance of observable evidence to support the theory
describing how variations within a species can happen”).
Some items seem to measure two statements leading to
potential complications for respondents who agree with
one part but not another (e.g., “Species were created to
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be perfectly suited to their environment, so they do not
change”). An additional weakness is that the I-SEA does
not explicitly define evolution acceptance leaving some
items open for interpretation by the survey taker as to
whether they are referring to microevolution or mac-
roevolution (e.g., “I think that humans evolve”). Fur-
thermore, the I-SEA is a relatively long instrument (24
items), which can lead to survey fatigue if paired with
other measures and may present logistical constraints
for administration (e.g., may be too time-consuming
to administer during class). While the subscales can be
hailed as a strength, they also present a weakness in that
the I-SEA cannot be used as a unidimensional measure
(Romine et al. 2018; Sbeglia and Nehm 2019). Further,
several network members expressed the opinion in line
with Sbeglia and Nehm’s (2019) preliminary findings that
suggest the human evolution scale may need to be further
parsed into human micro- and human macroevolution.

Considering its functioning with religiously diverse
populations, items within the I-SEA do not specify any
one religion’s account of creation or reference a God or
higher power, making the instrument suitable for deploy-
ment among religiously diverse populations or those
without religious belief.

Recommendation for I-SEA: The network members
agreed that the I-SEA is an appropriate measure for het-
erogeneous religious and non-religious populations, but
may be somewhat challenging for respondents with little
or no prior biology exposure. It is a particularly desirable
scale for researchers interested in delineating microevo-
lution, macroevolution, and human evolution constructs.

Generalized Acceptance of EvolutioN Evaluation (GAENE)
(Smithetal. 2016)

History, description, and prior critiques The original
GAENE was published in 2016 to address prior critiques
of other evolution acceptance instruments (Smith et al.
2016). It is intended for high school and college stu-
dents. The original GAENE consists of 13 items rated on
a 5-point Likert scale, from strongly disagree to strongly
agree, with “no opinion” as the midpoint. Item develop-
ment was guided by an explicit definition of acceptance
that was meant to disentangle acceptance from under-
standing and belief: “Evolution acceptance is the mental
act or policy of deeming, positing, or postulating that the
current theory of evolution is the best current available
scientific explanation of the origin of new species from
preexisting species” (Smith et al. 2016, pg. 8).

Items on the GAENE were iteratively developed, with
two rounds of pilot testing that included a focus group
with five high school students, written feedback from
26 high school students, and interviews with seven
university students. Further validation evidence was
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gathered by expert review, as well as reliability, factor,
and Rasch analyses, which showed acceptable reliability
and validity of the GAENE for the intended population.
A seemingly particularly strong aspect of the develop-
ment of this survey was its attention to using a Rasch
modeling framework from the outset of designing the
survey. The items, for instance, were created to elicit
a wide range of evolution acceptance levels. However,
subsequent research revealed that items on the GAENE
that were designed to elicit strong responses had the
greatest misfit compared to items from other measures
such as the MATE and I-SEA; these include, ‘everyone
should understand evolution” and “nothing in biology
makes sense without evolution” (Romine et al. 2018).

Network meeting identified strengths and weak-
nesses After evaluation and discussion, network mem-
bers identified both strengths and weaknesses of the
original GAENE and offered a recommendation for its
use going forward. Although there is a more recent ver-
sion of this instrument (i.e., the GAENE 3.0), the authors
of the revision recommend that this original version is
still suitable for classroom and research purposes; given
that it is ten items shorter, this version may be more
suitable if a short and less emotionally charged survey
is desired. It is an easily administrable survey, and it
contains no reverse-coded items, which can decrease
response processing errors but may not be as psycho-
metrically ideal. In addition, the instrument provides
researchers with a definition of evolution, although
some network members suggested it was unclear due to
the ambiguity of the wording: “The mental act or policy
of deeming, positing, or postulating..” Network mem-
bers noted that this was a broader definition than other
measures in which acceptance is defined based primar-
ily on “agreement” rather than this broader characteri-
zation of acceptance, which would include behaviors
in addition to agreement. It is perhaps for this reason
that items on the GAENE depart from other measures
in that they include behavior-based inquiries such as “7
would be willing to argue in _favor of evolution in a public
Sforum such as a school club, church group, or meeting of
public school parents” Notably, the intent of the meas-
ure according to its authors was not to include an advo-
cacy element to acceptance, but rather to elicit whether
a person differentiated between their willingness to
engage in that conversation based on the inherent pres-
sures they feel from a variety of sources (e.g., peers as
opposed to strangers or family members). While the
instrument was not designed to measure advocacy, but
rather more extreme viewpoints of evolution acceptance
that could manifest as behavioral changes, people who
have engaged with the instrument, including network

Page 9 of 20

members, have expressed concern that the instrument
measures an advocacy construct in addition to evolu-
tion acceptance.

Network members identified several specific weak-
nesses in this instrument. Items were made to introduce
a wide variation in responses, but one of the main issues
is that items on this instrument conflate what network
members referred to as “perceived importance of evolu-
tion” (e.g., “Everyone should understand evolution”) and
“advocacy for evolution” (e.g., “I would be willing to argue
in favor of evolution in a small group of friends”). Thus,
while researchers can assess acceptance with this meas-
ure, researchers will also be capturing perceived impor-
tance and advocacy for evolution. While the instrument
does provide a definition of acceptance for researchers,
evolution is not clearly defined for respondents and may
lead to some ambiguity in certain items, such as “People
who plan to become biologists need to understand evolu-
tion.” Past research shows that if evolution is not defined,
students will interpret it to be concepts they agree with
such as microevolution, which would lead to inflated
measures of evolution acceptance (Barnes et al. 2022a).
Additionally, some items contain terminology that is
potentially ambiguous from a nature of science perspec-
tive, such as “evolution is a scientific fact;” prior Rasch
analysis has also shown this item to have poor fit (Sbeglia
and Nehm 2018).

While the GAENE does not specifically address reli-
gious concepts or Biblical creation stories, some items
could elicit strong emotional responses (e.g., “I would be
willing to argue in favor of evolution in a public forum
such as a school club, church group, or meeting of pub-
lic school parents””). Thus, while this survey has the ben-
efit of not being specific to Judeo-Christian religions like
some other measures, the wording of some items may
prime a defensive response among more religious stu-
dents, producing low levels of agreement and suspicion
of the survey administrator’s motives. Along those lines,
if these items are administered in an undergraduate class-
room, it may give students a mistaken impression of the
goals or agenda of the instructor, making students resist-
ant to evolution instruction. These issues are likely less
important for non-religious students.

Recommendation for GAENE: Because the scope of
the GAENE includes advocacy, the network agreed that
researchers should use caution when using this meas-
ure for evolution acceptance. Our collective consen-
sus definition of evolution acceptance did not include
advocacy (Fig. 1), so there is not alignment between
our consensus definition and this instrument. However,
if one is interested in a broader range of possible evo-
lution acceptance, then the GAENE may be appropri-
ate, particularly if researchers are interested in defining
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evolution acceptance as the importance of evolution to
respondents or respondents’ willingness to advocate for
evolution. It could be acceptable in the contexts of popu-
lations that are already highly accepting of evolution.

GAENE 3.0 (Glaze et al. 2020)

History, description, and prior critiques The GAENE
3.0 is an extension of the original GAENE, and contains
10 additional items. In line with the Rasch philosophy on
which the instrument was built, the authors of the origi-
nal GAENE intended to provide a new version that would
elicit a wider distribution of scores for better discrimina-
tion at the ends of the distribution (those with very low
and very high acceptance). The new GAENE operates from
the same explicit definition of evolution acceptance as
the previous GAENE. It is called the GAENE 3.0 because
the original version went through multiple iterations. To
expand upon the original GAENE, the authors used their
own expertise and interviews with five acquaintances
known to have strong views on evolution to generate
additional items they believed would elicit more varia-
tion in the scores. Using the Rasch measurement frame-
work, they showed that the new items did elicit the most
extreme responses. The authors also provided evidence
of structural, convergent, and divergent validity for the
extended measure. The authors suggest that the GAENE
3.0 be used in place of the original GAENE among popu-
lations that have high acceptance of evolution (Glaze et al.
2020).

Network meeting identified strengths and weak-
nesses Network members carefully evaluated and dis-
cussed the GAENE 3.0 containing the additional ten
items and identified both strengths and weaknesses. As
the authors intended, the GAENE 3.0 includes additional
items absent from the original that capture a wider range
of variation, giving researchers a more normal distribu-
tion and more discrimination at the extreme ends of the
scale. Thus, the lengthened GAENE 3.0 may be a good
measure for high accepting populations for which there
will be less emotional reactance to extreme items and
the researchers will be more likely to avoid a positively
skewed distribution of responses.

However, network members identified that a number
of weaknesses present in the original GAENE remain, or
are potentially exacerbated, in the GAENE 3.0. In addi-
tion to the original importance and advocacy questions,
the GAENE 3.0 has particularly provocative language,
such as “I would bet my life on the claim that evolution
is true” Additionally, added items still have terminol-
ogy that is potentially ambiguous from a nature of sci-
ence perspective, such as “evolution is true’;, and items in
which “evolution” is not defined so it could be interpreted
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as microevolution or macroevolution (e.g., “All evidence
supports the claim that evolution is true”). Lastly, with
the addition of items, the GAENE 3.0 is longer than the
original instrument and thus may pose logistical chal-
lenges for administration or survey fatigue.

Similar to the original GAENE, the same issues con-
tinue to persist with strong language being even more
prevalent (e.g., “Evolution is the most important theory
devised by man”), which could prompt extreme reactions
from religious students and activate a fear of instruc-
tor agendas. Thus, it may not be appropriate for highly
religious audiences. Further, some items may conflate
students’ particular academic interests with their accept-
ance; a student with aspirations to become an expert in
infectious diseases might strongly agree that all of life
shares common ancestry but also think Germ Theory
is the most important theory devised by man and not
evolution.

Recommendation for GAENE 3.0: The network
members’ recommendations for the GAENE 3.0 are simi-
lar to the original instrument, perhaps with added cau-
tion for highly religious audiences for whom evolution
rejection is prevalent, because many of additional items
were meant to elicit even more extreme responses than
the original GAENE. The extremes were added because
the original instrument had the issue psychometrically
that it did not elicit very high or very low responses, so it
is important to note that any instrument that gets at the
full range may have the risk of eliciting strong responses
from some groups.

Evolution Education Questionnaire, Attitudes Towards
Evolution Subscale (ATEVO-EEQ) (Beniermann et al. 2021b)
History, description, and prior critiques The Attitudes
Towards Evolution instrument (ATEVO) was initially
published in 2019 as part of a German-language book on
evolution acceptance (Beniermann 2019). The ATEVO
was subsequently incorporated into the Evolution Edu-
cation Questionnaire on Acceptance and Knowledge
(EEQ) in 2021, which includes additional items measur-
ing knowledge. The ATEVO was then translated into 23
languages including English. The ATEVO subscale of the
EEQ (henceforth ATEVO-EEQ) consists of eight items
scored on a 5-point Likert scale ranging from “agree” to
“disagree” with “undecided” as the midpoint. This instru-
ment was designed to measure students’ views on evo-
lution in general and on the evolutionary origins of the
human mind, with four items on each topic. The ATEVO-
EEQ received expert validation from experts in biology,
evolution, and philosophy, including people with a range
of views on evolution and creation. Further quantitative
validation was carried out using a sample of 9,311 partici-
pants consisting of high school students, college students,
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science teachers, and the general public in Germany; prin-
cipal component analysis revealed that that ATEVO-EEQ
is two-dimensional, with the two clusters corresponding
to items about evolution in general and items about the
human mind (Beniermann et al. 2021b).

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, network
members identified both strengths and weaknesses of the
ATEVO-EEQ and offered a recommendation for its use
going forward. This instrument is unique from all other
instruments evaluated in that it measures a second con-
struct: evolutionary origins of the human mind. Thus, it
gets at a potentially new dimension of evolution accept-
ance. In addition, some network members commented
positively on the strength of the phrase, “In my personal
opinion...; as this may be an effective way to indicate to
respondents that they should answer based on their own
views, reducing potential conflation between evolution
understanding and evolution acceptance.

That being said, many of these same strengths were also
listed as potential weaknesses of the survey. First, meas-
uring the evolutionary origins of the human mind may
present particular challenges for students with little to
no knowledge of psychology and human evolution. Thus,
the ATEVO-EEQ may be less useful for general biology
courses, where some students may not have prior expo-
sure to the item topics, and thus lack pre-existing views.
In addition, experts raised concerns about two items (“In
my personal opinion, our consciousness is a product of
natural evolutionary processes” and “In my opinion,
our sense of morality is partly the result of natural evo-
lution”); the words “consciousness” and “morality” are
ambiguous and may be interpreted differently by differ-
ent students. These items may be provocative to those
who see consciousness and morality as religious/spir-
itual constructs. Even though the EEQ makes no explicit
mention of religion, it may still force the user to “take a
side” between religious and scientific explanations of
things like consciousness and morality. Lastly, network
members noted that no specific definition for evolution
acceptance is offered to researchers or respondents.

Recommendation for ATEVO-EEQ: It was the net-
work’s recommendation that the ATEVO-EEQ may not
be appropriate for general biology courses or for highly
religious populations. It is best suited for respondents in
courses focused on the evolution of human behavior and
cognition, such as evolutionary psychology.

Single-item instruments

Gallup poll (Gallup Inc 2019)

History, description, and prior critiques Since 1982, Gal-
lup has been polling the United States general public on
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their views of evolution by asking respondents to iden-
tify which of three statements “come closest to your views
on the origin and development of human beings’, with
choices of “God created human beings pretty much in
their present form at one time within the last 10,000 years
or so’, “Humans developed from less advanced forms of
life, but God guided this process,” and “Humans devel-
oped from less advanced forms of life, but God had no
part in this process” This question has not changed since
it was first released in 1982 (Gallup Inc 2019). Education
researchers have used the Gallup poll to measure accept-
ance of evolution among both teachers and students, and
both within and outside the United States (Berkman et al.
2008; Berkman and Plutzer 2011; Hanley et al. 2014).

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, net-
work members identified both strengths and weaknesses
of the Gallup poll. The network members identified that
the major strength of the Gallup poll is the possibility
of comparison to over 40 years of data. It is also quick
to administer (including being able to administer as a
clicker question in class) and easy to score since it is a
single item.

However, this poll question also has major weak-
nesses, which greatly limit its utility. The narrowness of
the question in asking only about human macroevolution
was seen as a major limitation by some members. A sec-
ond major weakness of this question is that it seems to
imply that humans are the pinnacle of evolution, having
evolved from “less advanced forms,” which is an inaccu-
rate representation of evolution. Finally, a single ques-
tion lacks structural validity and there was concern that
a single question could not differentiate student levels of
acceptance of evolution because it restricts it to a binary
of accepting or not.

Considering the relationship between evolution
and religion, this item is problematic in that all answer
choices are in direct relation to God’s role in the process.
This is an issue for individuals who identify as atheists
and do not believe in the existence of God because all
answer choices assume the existence of God. Further, the
specific terminology and capitalization of “God” is repre-
sentative of only Abrahamic religions (e.g., Christianity
and Judaism) and exclusive of any religion that is polythe-
istic (e.g., Hinduism). Further, most Muslims use the Ara-
bic term for God, which is Allah. In addition, for some
religious audiences, there are not enough answer choices.
For example, some religious individuals would agree with
“God created human beings pretty much in their present
form..” but would not agree with the young Earth impli-
cations of the second half, “...at one time within the last
10,000 years or so”
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Recommendation for Gallup: Due to the significant
weaknesses in this question, we do not recommend its
use in evolution education research in biology classes
unless one is interested in comparison studies with his-
torical Gallup data. Even then, we encourage caution
since 40 years of data does not strengthen the result from
a poll with inherent weaknesses.

Pew Research Center poll (Pew Research Center 2019)
History, description, and prior critiques Since 2005, the
Pew Research Center has been asking respondents in the
United States to select which of three statements comes
closest to their own views, with responses of “Humans
have evolved over time due to processes such as natural
selection; God or a higher power had no role in this pro-
cess,” “Humans have evolved over time due to processes
that were guided or allowed by God or a higher power,
and “Humans have existed in their present form since the
beginning of time” Early versions of the poll involved a
two-step process with an initial question asking whether
respondents agreed that “Humans have evolved over
time” or if “Humans have existed in their present form
since the beginning of time’; with distinction between the
theistic and non-theistic evolutionary positions solicited
only after evolution had been chosen in the first step. In
2019, Pew reported on an experiment in which the prior
two-step polling process was compared with a single item
allowing respondents to select from the three main cat-
egories simultaneously with a single-question approach
(Pew Research Center 2019). Differences in responses
between the two methodologies were stark, calling
reported results from previous polling efforts into ques-
tion, as far more (31% vs. 18%) respondents selected the
creationist view when they were not first offered a theistic
evolution option. The Pew Research Center has said that
all subsequent surveys will use the single-step question
with the three choices.

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, network
members identified both strengths and weaknesses of the
Pew Research Center poll. The strengths of the items are
similar to those of the Gallup poll in that nationwide lon-
gitudinal data are available for comparisons and being a
single item, it is easy to administer.

However, it suffers from similar weaknesses. The net-
work members identified that in addition to the limita-
tions of a single item survey to measure a construct as
complicated as evolution acceptance, the major weakness
of the Pew is that it is not explicit about what the term
“evolved” means, which could imply either macroevolu-
tion or microevolution. The reference to natural selection
in the question implies a focus on microevolution, which
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is often not thought to be sufficient to say something
about evolution acceptance. Additional wording issues
are present in the item, including ambiguity regarding
what is meant by humans having “existed in their pre-
sent form since the beginning of time,” which different
kinds of special creationists might not entirely agree with
whether they conceive of a divine creation of humanity
only 6 days after the origin of the universe or millions of
years after the beginning of life on Earth.

Considering the relationship between evolution and
religion, the question implies the existence of God in
either of the choices that would be considered scientifi-
cally accurate, which is exclusive of atheists, agnostics,
and non-Christian religions. Additionally, there are not
enough answer options to capture the range of views. For
example, it lacks a God-guided view that is less interven-
tionist (e.g., God created the natural laws and set them in
motion but did not guide the process).

Recommendation for Pew: Due to the significant
weaknesses in this question, we do not recommend its
use in evolution education research in biology classes
unless one is interested in comparison studies with
historical Pew data. Similar to the Gallup poll, some
members noted this could be useful for demographic
description purposes.

Miller 2006 poll

History, description, and prior critiques 'Through a series
of national and international public opinion surveys with
various collaborators, Jon D. Miller from the Institute for
Social Research at the University of Michigan has been
studying evolution acceptance among respondents since
1985. Miller and colleagues have been asking members of
the general public whether the statement “Human beings,
as we know them today, developed from earlier species
of animals,” is true, false, or if they are not sure. Among
the more widely cited studies using this item, a 2006
report from Miller, Scott, and Okamoto compared evo-
lution acceptance among respondents from 32 European
countries, Japan, and the United States (Miller et al. 2006).
Prior critique of this measure has highlighted the reliabil-
ity shortcomings of using a single-item measure, and the
potential validity issues of framing the answers choices as
true or false, which may cause confusion about whether
the item is asking for personal opinion or scientific con-
sensus (Smith and Siegel 2016).

Network meeting identified strengths and weak-
nesses After careful evaluation and discussion, network
members identified both strengths and weaknesses with
this poll item. The network members thought that this
question was better than either of the other single-item
questions because it did not explicitly mention God and it
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focused only on the macroevolution of humans. However,
weaknesses included concern about the wording of this
question, including what “developed” means and that it
was presented as a true or false question, which implies a
“right” answer as opposed to an opinion.

Considering the relationship between evolution and
religion, this item is noticeably without any mention of
God and thus could be more appropriate for heterogene-
ous religious populations. However, similar to the issue
with the original Pew two-question format, by not offer-
ing any theistic evolutionary options, this item might
underestimate evolution acceptance among highly reli-
gious populations.

Recommendation for Miller: If evolution education
researchers require one question to ask about evolution
acceptance due to survey fatigue, then we recommend
this question, except perhaps in highly religious popula-
tions in which it may underestimate evolution accept-
ance. However, we do not advocate the use of this
single-item instrument generally to measure evolution
acceptance because of the combined limitations of the
lack of construct validity due to one question, concerns
that it cannot differentiate among levels of evolution
acceptance, and problems in its wording.

Aligning the decision of which instrument to use

to measure evolution acceptance with your goals
for research

The network had broader discussion about instrument
limitations. Overall, we noted the overwhelming num-
ber of instruments present in the literature makes it diffi-
cult to discern which instrument to use and the different
foci of each instrument makes it difficult to compare
results across studies (Barnes et al. 2019; Beniermann
et al. 2023; Lloyd-Strovas and Bernal 2012). Further, the
large number of instruments could create challenges
to understand which intervention is most effective; it
is hard to know if any difference in outcomes is due to
differences in the intervention, differences in the popu-
lations, or differences in instrumentation. Additionally,
definitions of evolution acceptance vary across instru-
ments and items, and this limits the generalizability
and comparability of studies (Barnes et al. 2019; Beni-
ermann et al. 2023). While having multiple instruments
that are slightly different can strengthen the evidence
for a result, if the instruments are too different from one
another, this could lead to disparate results. Some stud-
ies showed different measures of evolution acceptance
lead to similar results (Metzger et al. 2018) but in other
studies multiple instruments have led to different study
results and conclusions (Barnes et al. 2019) indicating a
need for greater standardization of measurement in evo-
lution education studies. Although having some variation

Page 13 of 20

in measurement tools can provide greater fit to the study
context and increase validity of the data, having too many
instruments can lead to varying results and conclusions,
especially when they operate on different definitions of
evolution acceptance.

Further, all network members noted that there are limi-
tations to each instrument, with many members noting
specific problems with questions in the existing set of
instruments. Some of these critiques were about spe-
cific wording, but other critiques were more extensive
and related to the lack of clarity for survey takers about a
definition of evolution in the survey. Specifically, network
members agreed that students taking evolution surveys
often cannot tell whether the word “evolution” is referring
to micro- or macroevolution or if it includes humans, so
different survey respondents may be answering based on
a different conception of evolution (Barnes et al. 2022a;
Nadelson and Southerland 2012). Since students tend
to accept microevolution more than macroevolution
or human evolution (Barnes et al. 2019, 2022b), items
that do not specify the context may lead one student to
answer based on microevolution and another student to
answer based on human evolution. Two students answer-
ing the same item based on a different context has been
shown to lead to different evolution acceptance scores
among students who have a similar acceptance of evo-
lution (Barnes et al. 2022a). Further, network members
indicated that several evolution acceptance instrument
items conflate acceptance and knowledge/understanding
or conflate one’s understanding of the nature of science
and evolution acceptance (Smith et al. 2016). Since some
instruments have knowledge/understanding and nature
of science constructs embedded within their items, stud-
ies that use these instruments may show inflated relation-
ships among these constructs and evolution acceptance.
When researchers report "evolution acceptance” scores
as part of their research project, few people reading the
paper will critically examine the instrument; the research
community tends to assume the instrument is valid and
reliable, but the extent of validity and reliability is likely
different between instruments and populations. Thus,
network members collectively agreed that instrumenta-
tion reform is desired and necessary to drive this work
forward in a meaningful and productive way.

Given that instrumentation reform is lengthy and
new instrumentation will not be readily available to
researchers in the short term, network members made
an effort to offer the evolution education research com-
munity guidance on how best to use the current instru-
ments available to measure evolution acceptance. As
a group activity, we created a guide for researchers to
use to make decisions on which instruments might be
most appropriate to a given study population, research
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Table 2 A table to guide researchers to which evolution acceptance instrument could be best suited for their population and data
collection needs

Original MATE MATE 2.0 I-SEA Original GAENE GAENE 3.0 EEQ Gallup Pew Miller

For highly religious populations

For non-religious populations

For populations high in evolution acceptance
For populations low in evolution acceptance

For students with limited biology knowledge
For students with prior biology knowledge

For measuring macroevolution acceptance alone

For differentiating between micro, macro,
and human evolution acceptance

For measuring acceptance of evolutionary psychol-

ogy

For comparisons with other studies using the same X

measure

X X X X X X X

< X X X

An “X"indicates which instruments would be appropriate for each category, based on the consensus of the meeting participants

Table 3 Features of each evolution acceptance instrument that researchers may consider when deciding which evolution acceptance
instrument could be best suited for their needs

Original MATE 2.0 ISEA Original GAENE3.0 EEQ Gallup Pew Miller
MATE GAENE
# of items 20 9 24 13 22 8 1 1 1
Contains Yes Yes Yes No No Yes No No No
reverse
coded items
Scale 5 pt Likert, 5 pt Likert, 5 pt Likert, 5 pt Likert, 5 pt Likert, 5 pt Likert, None: None: None: True,
SA-SD* SA-SD SA-SD SA-SD SA-SD D-A Choose clos-  Choose clos-  False, Not
est view est view sure
Scale mid- Undecided Neutral Undecided No opinion No opinion Undecided N/A N/A N/A
point
Conflates Yes No No No No No Yes Yes No
religion
Conflates Yes No Yes No No Yes No Yes No
understand-
ing of evolu-
tion
Conflates Yes Yes No Yes Yes No No No No
nature of sci-
ence
Conflates No No No Yes Yes No No No No
advocacy
Contains Yes No Yes Yes Yes Yes No Yes No
an unspeci-
fied use
of the word
“evolution”
Includes No Yes No Yes Yes No No No No
a definition
of evolution
acceptance

SA: Strongly Agree; SD: Strongly Disagree; A: Agree; D: Disagree
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design, and stated research outcomes (Table 2). Addi-
tionally, Table 3 offers an overview of instrument char-
acteristics that can be considered as one determines
suitability for their own needs. Each instrument in its
entirety can be found in the Additional file 1.

Network consensus definition of evolution
acceptance

One reason for inconsistency in measurement of evolu-
tion acceptance is likely due to the different definitions
that researchers use to create evolution acceptance
measures (Ingram and Nelson 2006; National Academy
of Sciences 1998, 2008; Sinatra et al. 2003; Smith 1994;
Smith and Scharmann 1999; Southerland et al. 2001;
Southerland and Sinatra 2003; Wiles 2014) and multi-
ple researchers have suggested that if we are to measure
evolution acceptance in a way that provides valid infer-
ences and reliable comparisons between studies, the
field needs to agree on a consensus definition of evolu-
tion acceptance (Barnes et al. 2019; Beniermann et al.
2023). As of now, the published definitions of evolution
acceptance that underly current measures (Table 4)
have not been reviewed by a large network of evolution
acceptance experts. Given we had 16 evolution accept-
ance researchers, the network members set out to meet
this need and identify a network consensus definition
of evolution acceptance that the field may be able to use
going forward for instrument development.
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Why does a consensus definition matter?

A foundational step of creating an instrument to meas-
ure a construct is to first define that construct (AERA
et al. 2014, pp. 75-78) and if definitions among instru-
ments vary substantially, this could lead to inconsist-
encies in the measurement of evolution acceptance
between instruments. Researchers have used different
definitions of “evolution acceptance,” many of which
have been distinguished from “believing in evolution”
(Ingram and Nelson 2006; National Academy of Sciences
1998, 2008; Sinatra et al. 2003; Smith 1994; Smith and
Scharmann 1999; Southerland et al. 2001; Southerland &
Sinatra 2003; Wiles 2014). Believing in evolution implies
a subjective judgement based on faith similar to believ-
ing in religion. Thus, evolution education researchers
have pushed to distinguish believing in evolution from
accepting evolution by defining acceptance as based on
“a systematic evaluation of the evidence” leading to “a
learner’s personal assessment of the validity of [evolu-
tion]” (Sinatra et al. 2003, p. 512). However, requiring a
systematic evaluation of the evidence for acceptance of
evolution creates a substantial overlap between the con-
structs of understanding and accepting evolution. Under-
standing evolution is the degree to which someone has
a good conceptual grasp of evolutionary theory and has
substantial knowledge of facts about evolution. Students
can have a good understanding of evolution, score very
well on evolution exams, and vyet still reject the veracity
of evolutionary theory (Hermann 2012). Thus, evolution
education researchers usually distinguish understanding

Table 4 Definitions of evolution acceptance from authors of instruments evaluated by the network

Instrument Author’s definitions of evolution acceptance

Original MATE Authors do not provide an explicit definition but says acceptance includes: 1) the processes of evolution, (2) the available
evidence of evolutionary change, (3) the ability of evolutionary theory to explain phenomena, (4) the evolution of humans, (5)
the age of the earth, (6) the independent validity of science as a way of knowing, and (7) the current status of evolutionary theory
within the scientific community

MATE 2.0 Authors provide an explicit definition of acceptance of evolution in the article as “The agreement that it is scientifically valid that all
species have evolved from prior species.”

I-SEA Authors do not provide a single definition of evolution acceptance, but they define acceptance broadly: “Acceptance of a construct is

based on an examination of the validity of the knowledge supporting the construct, the plausibility of the construct for explaining phenom-
enon, persuasiveness of the construct, and fruitfulness or productivity of the empirical support for the construct”

Original GAENE

Authors provide an explicit definition of acceptance of evolution in the article as “Fvolution acceptance is the mental act or policy of

deeming, positing, or postulating that the current theory of evolution is the best current available scientific explanation of the origin of new

species from preexisting species.”

Authors provide an explicit definition of acceptance of evolution in the article as “Evolution acceptance is the mental act or policy of

deeming, positing, or postulating that the current theory of evolution is the best current available scientific explanation of the origin of new

GAENE 3.0
species from preexisting species.”
EEQ-ATEVO
Gallup None given
Pew None given
Miller

earlier species of animals.”

Authors do not provide an explicit definition of evolution acceptance, but relate it to “a positive attitude toward evolution”

Authors define acceptance of evolution as agreement with the statement"Human beings, as we know them today, developed from




Barnes et al. Evolution: Education and Outreach (2024) 17:1

and acceptance of evolution as different constructs that
may be related to one another, depending on the popu-
lation of students. For instance, there is some indication
that among more highly religious populations, there are
more people who understand evolution but do not per-
sonally think evolution is plausible (Weisberg et al. 2018).
Further, the relationship between understanding and
acceptance can be different depending on acceptance
of microevolution, macroevolution, and human evolu-
tion. When students are considering whether they accept
microevolution, their understanding of evolution seems
to matter more than when they evaluate macroevolution
or human evolution (Barnes et al. 2019). Finally, some
items on current instruments seem to imply a definition
of evolution acceptance that includes or excludes reli-
gious belief, but evolution acceptance is arguably separate
from religious belief and should not include any reference
to religion. Thus, when researchers include concepts and
measures that conflate understanding, religious beliefs
and acceptance, the conclusions they make from their
data may be misinformed.

Network derived consensus definition of evolution
acceptance

With grounding in the prior literature, we wanted to
document network member views on the definition of
acceptance of evolution to work toward a consensus
definition.

Methods for determining consensus definition of evolution
acceptance

As mentioned previously, each network member was
sent a bibliography of peer reviewed published papers of
the instruments reviewed in this study as well as the most
up to date research at that time on evolution acceptance
measurement (the bibliography included: Barnes et al.
2019; Barnes et al. 2022a; Beniermann et al. 2021b; Glaze
et al. 2020; Mead et al. 2019; Nadelson and Southerland
2012; Romine et al. 2018; Rutledge and Sadler 2007;
Rutledge and Warden 1999; Sbeglia and Nehm 2018,
2019; Smith 2009; Smith et al. 2016). Networks mem-
bers then completed an individual survey that asked an
open-ended question about their definition of evolution
acceptance. The Co-PI team constructed an initial draft
of a definition based on the similarities in network par-
ticipants’ responses. We then had a group discussion
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at the meeting about the definition to see if any addi-
tional points would be raised. Surprisingly, there was a
high degree of similarity in network member individual
responses and little disagreement about what should
and should not be included in a definition of evolu-
tion acceptance. Network members were in consensus
that evolution acceptance can be defined as a person’s
agreement that evolution is valid, and the best explana-
tion from science for the unity and diversity of life on
Earth. Network members also agreed on aspects of evo-
lution that needed to be accepted, including speciation,
the common ancestry of life, and that humans share this
common ancestry. In Fig. 1 we present our final defini-
tion of evolution acceptance that all network members
agreed to.

Future research and recommendations

Through our network, we identified directions for future
research specifically related to evolution acceptance
measurement that could be uniquely addressed by a col-
laborative network. One direction that could improve
evolution acceptance measurement would be to revise
the instruments (Barnes et al. 2022a; Beniermann et al.
2023; Dunk et al. 2019; Kuschmierz et al. 2020; Sbeglia
and Nehm 2018, 2019; Smith 2010). Much of what the
network identified as problematic within instruments
was the wording of individual items that was unclear
or seemed to measure more than evolution acceptance
alone. Some of these issues likely exist because of a lim-
ited number of perspectives that were incorporated into
the initial draft, including a small number of initial cog-
nitive interviews to determine whether students were
interpreting the items the way they were intended. These
issues will not be resolved using statistical techniques
that prior studies have tried to use to establish valid-
ity evidence of evolution acceptance measures (Barnes
et al. 2019; Metzger et al. 2018; Romine et al. 2018; Sbe-
glia and Nehm 2018, 2019) because statistical techniques
will not identify response process errors. Rasch analysis
can potentially identify response process errors by look-
ing at person misfit (Wright and Stone 1979), but to our
knowledge few researchers have published these analy-
ses with evolution acceptance instruments (Beniermann
et al. 2023). Our network began to address these issues by
including expert reviews from within the network com-
posed of individuals from different disciplines, religious

Evolution acceptance: agreeing that evolution is valid and the best explanation from science
for the unity and diversity of life on Earth, which includes speciation, the common ancestry of
life, and that humans evolved from non-human ancestors.

Fig. 1 Network members'consensus definition of evolution acceptance
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backgrounds, religious expertise, and evolutionary biol-
ogy knowledge. An additional way that these issues
should be systematically identified and resolved is to
identify response process errors through cognitive inter-
views with students from diverse populations by having
network members work together to recruit and inter-
view students from different demographics, including
different religious backgrounds. A similar approach was
taken when revising the original MATE instrument to
create the MATE 2.0, which largely reduced the number
of response process errors from students (Barnes et al.
2022a), but the instrument would have benefited from
even broader perspectives of experts and more student
voices incorporated.

Further, the field could normalize the refinement and
revision process for instruments as well as discourage
the publication of data from instruments that have been
heavily critiqued. The progress in standardized measure-
ment of evolution acceptance has been significant, but
extremely slow over the last 30 years. For two decades,
most researchers were using their own unique instru-
ments to measure evolution acceptance and in the last
decade we have seen the majority of studies conducted
using the original MATE, despite continuous criticisms
of this instrument. Although, the MATE instrument
was heavily critiqued it was used for more than 20 years
before it was revised. The fact that the original GAENE
was revised only 4 years after its initial publication indi-
cates that some researchers are recognizing the need for
refinement of these instruments, but even the GAENE
was revised without considering criticisms of the first
publication (Sbeglia and Nehm 2018). So, it is important
that we not only normalize the refinement and revision
process, but that our refinement and revision is based
upon identified areas of consensus regarding the defini-
tion of evolution acceptance within the field of evolution
education research.

A tradeoff to revising instruments more often is that
studies using the revised instruments will be slightly less
comparable to older studies. However, we argue this is
more desirable than continuing to use instruments with
known significant flaws. Based on our network findings,
we encourage researchers to continue to think about how
and when to improve existing instruments and argue that
a larger network collaboration would be uniquely posi-
tioned to achieve this effectively because network mem-
bers could work together to pilot the revised instrument,
achieving more generalizable validity evidence.

Another direction that the field could take would be
to create an entirely new instrument by collating exist-
ing items to make an instrument with multiple sub-scales
and/or by creating new items under a common defini-
tion and a broad team to devise the new additional items.

Page 17 of 20

While either approach would be time-intensive, it could
represent a collective effort to clarify further what the
community’s consensus might be on how to define and
measure evolution acceptance.

Conclusions

Through the initial establishment of this network of
interdisciplinary scholars with intentionally different
viewpoints, experiences, backgrounds, and expertise rel-
evant to studying evolution acceptance, we were able to
offer expert-based consensus recommendations on cur-
rent instruments and a definition of evolution accept-
ance. Additionally, by capitalizing on the diversity of
network member experiences with and viewpoints on
religion, we were able to identify specific limitations of
evolution acceptance instruments for students with dif-
ferent religious identities. These collective perspectives
offer a cohesive viewpoint, which hopefully can be both
a resource and a guide for the next steps in evolution
acceptance instrument design and revision. We hope to
build from the initial momentum of this network to grow
the network and usher in a new era of evolution educa-
tion research that uses collaborative methods among a
diverse team to create more cohesive efforts to measure
and improve evolution acceptance. We encourage oth-
ers who are interested to reach out to the corresponding
author and join this growing community of scholars.
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