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Abstract

Background Evolution is the foundation for understanding life’s diversity and interconnectedness. Acceptance

of the theory of evolution is correlated with its effective teaching and learning. The Measure of Acceptance of the The-
ory of Evolution (MATE) is a widely used tool for assessing this acceptance; however, it requires adaptation and validity
evidence for application in new linguistic and cultural contexts. This study aims to validate the Spanish adaptation

of MATE (MATE-E) for Spanish-speaking high school students and biology teachers.

Results Evidence of content validity, response process, internal structure, relationship with other variables, and test-
ing consequences supports the MATE-E's suitability for Spanish-speaking, Puerto Rican high school students

and teachers. Analysis of the instrument’s structure through exploratory factor analysis identified five factors. The
instrument also shows strong internal consistency (Cronbach’s a=0.879). Additional evidence on the instrument’s
relationship with other translations or adaptations of the MATE supports the instrument validity for the intended con-
struct. Additional data from teachers' pre- and post-test assessments following a professional development program
affirms the MATE-E's cultural sensitivity and construct validity.

Conclusions The current study provides evidence for the adaptation, reliability, and validity of the MATE-E, sup-
porting its use in research and evaluation among Puerto Rican Spanish-speaking secondary students and biology
teachers.

Keywords Evolution, Evolution acceptance, Evolution education, Measure of acceptance of the theory of evolution,
Instrument cultural adaptation, Instrument translation, Instrument validation
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educators’ willingness to teach this critical topic thor-
oughly (Harms and Yarden 2023; Nehm and Schonfeld
2007).

One measure shown to influence the teaching and
learning process of evolution is acceptance of the theory
of evolution. There is ample evidence that the construct
of evolution acceptance is influenced by culture, gen-
der, education level, and religion, among other factors
(Barnes et al. 2024; Romine et al. 2018). Due to the rele-
vance of this construct in education, there is ample litera-
ture on its measurement, although it is not until recently
that a consensus definition of evolution acceptance has
been reached (Barnes et al. 2024). At present, evolution
acceptance is defined as “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” (Barnes et al. 2024, p. 16). Teacher
professional development (PD) programs that strengthen
content knowledge and confidence to teach the subject
effectively are instrumental to address and close the gaps
present in the process of teaching and learning evolution
(Friedrichsen et al. 2016). Measuring the effectiveness of
PD activities depends on reliable and valid instruments
that can accurately measure whether the PD objectives
have been achieved in terms of content knowledge, skills,
or attitudes of the participants. When working with
participants who have different language and culture
this task may involve the development of new valid and
contextually relevant instruments, or that instruments
that are already available are adapted to the participants’
language and culture (Beniermann et al. 2023; Bravo
2003; Bravo-Vick et al. 2019; Pena, 2007). Both strategies
require a strict methodology to gather validity evidence
for the instrument. However, the adaptation process has
the advantage that results can be compared with those
available in literature.

As part of the education and outreach component
of the project Genomic Logic Underlying Morphologi-
cal Adaptive Divergence (NSF #1736026), we designed a
PD program for high school biology teachers in Puerto
Rico. The objective was to improve teachers’ ability to
teach evolution-related concepts effectively by provid-
ing workshops on evolution content knowledge, using
evidence-based practices, and offering research expe-
riences. One of the variables that we are interested in
measuring is the impact of this PD on teachers’ and stu-
dents’ acceptance of the theory of evolution. At the time
of designing the PD experience, no instruments were
identified in Spanish that measure this variable. As an
alternative to creating new materials, the extant literature
can be reviewed to determine whether there are content-
appropriate instruments, notwithstanding any language
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barrier (Bravo-Vick et al. 2019). To assess acceptance of
evolution, we considered three already available instru-
ments: GAENE (Smith et al. 2016), I-SEA (Nadelson
and Sutherland 2012), and MATE (Rutledge and War-
den 1999). After careful evaluation, we selected the
MATE to address the need for a culturally sensitive, valid
instrument in participants’ native language (Bravo 2003;
Bravo-Vick et al. 2019) and undertook its translation and
cultural adaptation into Spanish. It should be noted that
a new instrument, the MATE 2.0, has been developed to
align with the updated consensus definition of accept-
ance of evolution (Barnes et al. 2022), addressing many
of the issues found in the original MATE (this updated
version was not published at the time this research was
conducted).

The Measure of Acceptance of the Theory of Evolution
(MATE) was selected based on several criteria. First, it
is the most widely used instrument for assessing accept-
ance of evolution, allowing results to be easily compared
with those of previous studies (Barnes et al. 2024, 2022).
Additionally, its intended use with high school biology
teachers aligns with the original target population of the
instrument (Rutledge and Warden 1999), and it has been
applied in numerous international studies (Athanasiou
et al. 2011; Lammert 2012; Tekkaya et al. 2012; Rutledge
and Sadler 2007).

As we strive to be more inclusive, it is crucial to use
instruments that are relevant and appropriate for the tar-
get population. For research purposes, having a linguis-
tically and culturally adapted tool is essential. Therefore,
the goal of this study is to gather validity evidence for the
translation and adaptation of the MATE into Spanish,
with consideration of Puerto Rican culture. The resulting
instrument, developed through this work, will be referred
to as MATE-E (i.e., MATE in Espaiiol).

Background

Most instruments published in the literature are avail-
able in English. Although developing a new instrument
in a different language can provide valuable data, it limits
the potential for comparison and generalization across
studies. A more practical approach is to adapt existing,
well-established instruments to the language and culture
of the target population. However, this process presents
challenges: direct translations can alter the meaning or
intent of test items, and cultural differences can lead to
varying interpretations or make certain items irrelevant.
These factors must be carefully managed to maintain
the instrument’s validity and reliability in measuring the
intended construct (Pefia, 2007). As such, instrument
adaptation requires a rigorous process beyond simple
translation to prevent issues of validity, reliability, and
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cultural bias (Pefia, 2007; International Test Commis-
sion 2017). The goal is to create an adapted instrument
that accurately and equivalently measures the target
construct.

The International Test Commission (2017) has devel-
oped guidelines for test translation and adaptation to
systematically gather validity evidence for an instrument.
Validity refers to the extent to which evidence and theory
support the intended interpretations of test scores for the
proposed purpose (AERA, APA, NCME 2014; Messick
1989). The adaptation process collects validity evidence
from several sources: content, response process, internal
structure, instrument reliability, relationship with other
variables, and results or consequences of testing (AERA,
APA, NCME 2014; Beniermann et al. 2023; Creswell
2012).

Content validity or linguistic and cultural equivalence
Content validity refers to the extent to which a test accu-
rately measures the intended construct. In an adaptation
process it evaluates if the test items measure the same
or significantly similar constructs in the population of
interest. Thus, the process requires native translators
as it considers the target language and culture. The rec-
ommended steps involved in the process are a forward
translation, back- translation (translation back to the
source language), and an expert panel review to resolve
discrepancies and refine wording. The goal is to gener-
ate an instrument that is functionally equivalent to the
original.

Response process

It refers to the cognitive actions of participants while
completing an instrument. Data gathered through this
process is used to adjust the instrument items or instruc-
tions to ensure comprehension and cultural relevance.
Cognitive interviews or think-aloud protocols are used
to ensure that test instructions and items have consistent
meaning for the target population. This process provides
evidence for the functional equivalence as it confirms
that participants’ responses correspond to the intended
construct, rather than misunderstandings, ensuring the
items function as expected.

Internal Structure and Instrument reliability

Internal structure validity evidence aims to evaluate the
relationship between the items on the test and the theo-
retical structure of the intended construct. It assesses
whether the items group together consistently with
the expected dimensions or factors of the construct.
Whereas instrument reliability examines the consistency
of an instrument’s scores across multiple measurements
under consistent conditions. This evidence is gathered
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by empirical analyses, collecting pilot data from par-
ticipants that have similar characteristics to the targeted
population. Data is analyzed through various statistical
tests to determine the structure of the test (e.g., factor
analysis) and its internal consistency (e.g., Cronbach’s
alpha). Table 1 summarizes data from reliability analyses
conducted across several publications of the MATE.

Relationship with other variables

Validity evidence based on relationships with other vari-
ables assesses whether these relationships are consistent
with the intended construct and interpretation of test
scores. The process ensures that the instrument is meas-
uring the intended construct in alignment with prior
research. The evidence can be gathered from outcomes
the test is expected to predict or from its relationship
with other measures of similar or different constructs,
that confirm that the instrument’s results are meaningful
and relevant to the research field.

Consequences of testing

Empirical evidence is gathered from instrument admin-
istration to the intended population. Data is analyzed to
evaluate the appropriateness of the test score interpre-
tations. It is an important source of evidence to deter-
mine intended and unintended claims from instrument
administration.

The development of the MATE-E through this rigorous
process will produce an instrument in Spanish that can
be used to research the acceptance of the theory of evolu-
tion in high school teachers and students and compare
results to what is already established in the literature.
Our work also serves as a reference to others that aim to
adapt and generate a culturally sensitive instrument for
research.

Methods and materials
Design and data collection for the translation, adaptation,
and validation of the MATE into Spanish.

The International Test Commission’s (2017) guide-
lines for test translations and adaptations were fol-
lowed. Pre-condition guidelines were used to evaluate
which of the available tests was the most appropri-
ate for the project’s goals. Test development guide-
lines were followed by applying the recommendations
of AERA, APA, NCME (2014), as well as Creswell
(2012), to gather evidence for content validity, response
processes, internal structure, relationships with other
variables, and the consequences of testing. Confirma-
tion guidelines were followed through sampling of a
similar group to the target audience and using statis-
tical testing and evidence supporting the norms, reli-
ability, and validity of the MATE-E. Administration
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guidelines were followed by using a consistent admin-
istration process. Scoring and interpretation guidelines
were followed through extant data to determine if orig-
inal scoring and interpretation of scores was appropri-
ate for the translated and adapted instrument. Lastly,
documentation guidelines were followed to keep track
of every investigative task that led to the completion of
the translation, adaptation and validity evidence gath-
ering process of this instrument. Figure 1 provides an
overview of the design and data collection process that
encompasses this entire work.

Sources of evidence for the validity of the MATE-E

In addition to following the International Test Commis-
sion’s (2017) guidelines for the overall process of test
translation and adaptation, a more specific process was
carried out to gather the evidence that would serve as
the backbone of the translation, adaptation, and valida-
tion process. The Measure of Acceptance of the Theory
of Evolution (Rutledge and Warden 1999) was trans-
lated, validated, and adapted from English to Spanish
(MATE-E) following guidelines of AERA, APA, NCME
(2014), and Creswell’s (2012) to gather evidence for con-
tent validity, response process, internal structure validity,
instrument reliability, its relationship with other vari-
ables, and the consequences of testing with it.

Content validity evidence

Two methods were used to gather content validity evidence.
The first one was through the translation/back-translation
technique for semantic equivalence (Behling and Law 2000).
The translation/back-translation process was carried out as
follows: (1) a bilingual, Puerto Rican, native Spanish speaker
and fluent English speaker with education expertise trans-
lated the instrument from English to Spanish; and (2) a bilin-
gual, native English speaker and fluent Spanish speaker with
biology expertise translated the instrument from Spanish
back to English. All three versions of the instrument (origi-
nal, translation, and back-translation) were submitted for
evaluation to an expert panel.

The expert panel consisted of four bilingual experts
(DeVellis 2012), all of them experts in biology. Two of
them are also experts in education and one of them is
an expert in instrument design. The experts received an
orientation prior to the task of evaluating each item in
terms of accuracy and clarity of its translation using an
item evaluation sheet that contained all three versions of
each item, a scale to evaluate accuracy, a scale to evaluate
clarity, and a section to provide comments for each item.
After receiving each expert’s evaluation, an online meet-
ing was scheduled to discuss the feedback and update the
translated version for use during the response process
evidence-gathering phase.
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Response process evidence

Five high school students who had previously taken a bio-
logical sciences course and were enrolled in a high school
biology course agreed to participate in this process. They
answered the MATE-E instrument and then took part in
a focus group in which they were asked about the test’s
content, as well as their thought process when answering
each item. Students also provided recommendations to
further improve items’ accuracy and clarity. Recommen-
dations from this process were reviewed with the expert
panel to determine which to adopt in the final version
of the instrument. This final version was then used in a
pilot study to gather evidence of the instrument’s internal
structure.

Internal structure evidence

A non-experimental quantitative methodology study
with a survey research design (McMillan 2016) was used
to conduct a pilot study and gather evidence for the
instrument’s internal structure. The pilot study was con-
ducted with secondary-level students because this test is
intended to be administered to both high school teach-
ers and students. The sampling used was non-probabil-
istic and by convenience. A total of 281 8th, 10th, and
11th grade students from the University of Puerto Rico,
Rio Piedras Campus’ Laboratory Secondary School were
invited to participate. MATE-E was self-administered
online. The participants’ responses were anonymous, and
they did not receive any incentive for their participation.

Evidence based on MATE-E’s relationships to other variables
For the purposes of this validity evidence gathering pro-
cess, we wanted to verify if the outcomes of the MATE-E
pilot study test remain consistent with our assumptions
about how the test would discriminate between grades
and between genders. To verify these assumptions, inde-
pendent samples t-tests were conducted to compare the
means for data sorted by gender as well as by grade, to
determine whether the MATE-E discriminates between
observed groups (Cronbach and Meehl 1955). Data was
compared with other studies’ (Athanasiou et al. 2011;
Lammert 2012; Tekkaya et al. 2012; Rutledge and Sadler
2007) approaches on gathering this kind of evidence.

Evidence based on consequences of testing and interpreting
data

The MATE-E was administered to 11 biology teachers who
participated in a pilot of a two-year professional develop-
ment program that included workshops on natural selec-
tion, adaptation, evolution, heredity, and gene expression.
Sampling of these teachers (n=11) was non-probabilistic
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e Tests were identified and evaluated to determine which was best \
aligned with the project’s goal of improving the acceptance of the
theory of evolution; and which would be the best fit for translation and
adaptation to Spanish. The identified tests were:

o GAENE (Smith et al., 2016)
o |-SEA (Nadelson & Sutherland, 2012)
o MATE (Rutledge & Warden, 1999)
Output: MATE was selected as the best fit. j

\\/ e MATE was translated/back-translated (Behling & Law, 2000):

e Review by four experts to evaluate accuracy and clarity
e Online meeting to discuss experts’ evaluations.
e Update of the translated version using experts’ recommendations.

Step 1: Tasks prior to
gathering validity
evidence

Step 2: Content validity
Output: Revised translated MATE-E that would be used during the

response process evidence-gathering phase.

/
e Request submitted to IRB, to carry out research with human participants. \
e Request to IRB accepted (CIPSHI #2021-018).
e High school students were identified and invited to participate in a focus group.
e Students provided recommendations to further improve MATE-E’s accuracy
Step 3: Response process and clarity.
e Final consultation with experts and final revision of the instrument.
Output: Final version of the MATE-E J

e Pilot study using non-experimental quantitative methodology with a survey researcm
design (McMillan, 2016) was carried out for MATE-E administration.
Output: 281 students were invited to participate (185 respondents, 174 valid cases).
e Participant demographics, descriptive data and reliability testing conducted.
Output: Data was fit for factor analysis.
e Exploratory Factor Analysis (EFA) with Principal Component Analysis was conducted.
Output: Five components extracted (59.472% of variance). Components were categorized
as test’s constructs and constructs were given names.

e Independent t-tests to explore if MATE-E discriminates between male and female
participants; and between 8", 10", and 11" grade participants.

Step 5: Relationship with e Comparison of approaches to testing relationship with other variables among
several published versions of the MATE.

e Analysis of the sources of validity evidence reported on other MATE publications.

Step 4: Internal structure

other variables

e Analysis of the consequences of testing using the MATE-E.
Output: MATE-E ready to be formally used for testing and research purposes.
e Pretest-posttest administration to biology teachers that participated in workshops
on natural selection, adaptation, evolution, heredity, and gene expression.
Step 6: Consequences of Output: Descriptive data and nonparametric test data available for analysis.
testing e Wilcoxon signed-rank test conducted.
Output: Preliminary data on the consequences of testing using the MATE-E.
e Compilation of all documented data for published work.

Fig. 1 Summary of the design and data collection for the translation, adaptation, and validation of the MATE-E
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and by convenience. The MATE-E was self-administered
in person before and after these workshops.

Statistics

Data from the pilot study was analyzed using descriptive
statistics and tested for normality using the Kolmogorov—
Smirnov test. A reliability test was performed to deter-
mine Cronbach’s alpha. Independent samples ¢-test were
also conducted to report data according to variables of
gender and grade. Prior to the Exploratory Factor Analy-
sis (EFA), adequacy was tested using the Keiser-Meyer-
Olkin Measure of Sampling Adequacy and Bartlett’s Test
of Sphericity. Exploratory Factor Analysis with Varimax
rotation was used to reduce factors using Eigenvalue,
Scree testing, factor loading, and cumulative percent of
variance. Data from the 11 biology teachers was analyzed
using descriptive statistics and a Wilcoxon signed-rank
test was conducted to make inferences about the effect of
the workshops on its participants. All statistical analyses
were performed using IBM® Statistical Package for the
Social Sciences (SPSS®) version 29.0.

Participants

Five high school students participated in the focus group
phase to gather response process evidence. For the pilot
study, 281 middle and high school students were invited
to participate, of which 185 assented to their participa-
tion. All student participants attend the University of
Puerto Rico, Rio Piedras Campus’ Laboratory Secondary
School. Additionally, 11 biology teachers from second-
ary schools in Puerto Rico were invited to participate
in pilot professional development (PD) workshops on
topics related to the theory of evolution. These teach-
ers provided data contributing to the instrument’s valid-
ity evidence, specifically regarding the consequences of
testing. This protocol was approved by the University of
Puerto Rico Rio Piedras Campus’ Institutional Review
Board (CIPSHI #2021-018).

Results

It is imperative to gather validity evidence for a translated
and culturally sensible instrument to support its inter-
pretation and to determine that it is being used for its
intended purpose. Content, response process, and inter-
nal structure validity evidence was gathered to determine
whether the MATE-E, was adequately translated and
adapted for Puerto Rican Spanish-speakers. In addition,
we gather evidence of the instrument’s relationship with
other variables and the consequences of testing.

Content validity
After the initial translation and back-translation process,
the second step to gather evidence of content validity was
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an evaluation by experts (see Fig. 1). The experts received
an evaluation checklist to determine the accuracy and
clarity of the translations. Table 2 shows an example of
how one of the items was evaluated by the expert panel.

After receiving all evaluations, the research team
observed that there were three items (items 1, 11, and 19)
with no revisions to be made and seven items (items 5,
7, 10, 12, 14, 18, and 20) with minor revisions or com-
ments from one expert. Additionally, seven items (items
2,3,4,6,9, 13, and 15) had revisions or comments from
two experts and the three remaining items (items 8, 16,
and 17) had revisions and comments from three experts.
No items had revisions from all four experts.

Although most items had revisions or comments from
experts, most of these were related to wording and syn-
tax issues. The experts’ recommendations were mostly
focused on the substitution of words or rearrangement of
phrases so that the items would be clearer and more syn-
tactically accurate. Some items (specifically, items 9, 15,
and 16), however, had conceptual issues. The main con-
ceptual issue stemmed from the use of more ambiguous
terms (“de la misma forma” and “facticos” which translate
to “in the same way” and “factual”).

Discrepancies such as this one were discussed by the
experts in an online meeting. After the panel members
evaluated the items, the meeting was scheduled to dis-
cuss their evaluations. The experts agreed on their com-
ments on the items that had minor or moderate issues
and provided revised versions for them. Additionally,
they argued about how items 9, 15, and 16 needed fur-
ther clarity. The experts proposed to include the word
“fenotipo” (phenotype) in parentheses for items 9 and
15, and the word “verificable” (verifiable) in parentheses
for item 16, to frame or contextualize the statements for
potential participants.

After this meeting, an updated version of the MATE'’s
Spanish translation (i.e., MATE-E) was generated that
incorporated the panel's comments and evaluations.
These items were then used for the focus groups to gather
evidence of the response process. Table 3 presents an
example of the changes on items after the experts’ evalu-
ation and deliberation.

Response process

A focus group was carried out to gather evidence for
MATE-E’s response process. Participants deemed the
instrument’s translated name and its instructions appro-
priate. They provided some recommendations to improve
wording for some items and the instrument’s scale. Most
of these recommendations were minor and related to
improving the wording on the items. Regarding the
items that had the most issues during the content validity
phase (items 9, 15, and 16), the focus group offered some
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insights into how the items could be rewritten to provide
further clarity. The focus group opted to leave the terms
in parentheses for items 9 and 15. The opposite happened
with item 16. The focus group proposed a revised ver-
sion of the item that did not include the term in paren-
theses for further clarity. The recommendations given by
the focus group participants for these three items can be
found in Table 4.

A noteworthy recommendation from the focus group
was to consider including Darwin whenever the theory of
evolution is mentioned in the instrument (items 2, 4, 5, 6,
8,10, 12, 13, 14, 16, 18, and 20). This, alongside all minor
revisions and the recommendations for items 9, 15, and
16, were taken once more to the expert panel. A final
online meeting with the expert panel was conducted to
present the recommendations given by the focus group
participants and confer whether to accept these sugges-
tions. The expert panel accepted the minor recommenda-
tions but decided that it was not necessary to attribute
the theory of evolution to Darwin in every item. Lastly,
the experts accepted the focus group’s recommendation
for item 16 and deemed their revised versions of items 9
and 15 clear enough that the terms in parentheses could
be eliminated. This last step led to the final MATE-E
instrument that was used for the pilot study onwards
(Table 5).

Pilot study and internal structure

A pilot study was done to gather evidence of the instru-
ment’s reliability of responses and internal consistency of
the scores. The MATE-E instrument was administered to
students (grades 8th, 10th, and 11th) from the University
of Puerto Rico, Rio Piedras Campus’ Laboratory Second-
ary School. Since this translated and adapted instrument
is intended to be administered to both high school biol-
ogy teachers and students, the assumption in this case
is that, if students understand the content of the instru-
ment, teachers must also be able to understand it.

A total of 281 students were invited to participate in
this pilot study, of which 185 assented to their partici-
pation, for a total response rate of 65.8%. The MATE-E
was self-administered, and it was done online. The total
response rate is consistent with Schonlau et al. (2001)
estimates of total response rates for online self-adminis-
tered surveys. Out of the 185 respondents, only 174 were
valid for analysis. Eleven respondents submitted answers
with missing data. The valid responses make up 94%
of all responses and 61.9% of all invited participants. A
description of the participants of this pilot study is sum-
marized below.

Table 6 summarizes the descriptive statistics for
the MATE-E pilot study. Data is shown for the entire
dataset (overall mean score was 76.46, SD=13.147)

Page 10 of 20

as well as two subsets classified by gender and by
grade. For gender, the mean score for males was 76.16
(SD=13.848) and for females it was 76.73 (SD=12.560).
For grade levels, the mean score for 8th graders was
71.50 (SD=15.254), while 10th graders mean score was
79.42 (§D=11.137) and 11th graders had a mean score
of 77.92 (SD=12.128). A Kolmogorov—Smirnov test was
performed to measure normality on the entire data-
set. Test results show that data is normally distributed,
D(174),=0.065, p=0.066.

In addition to the descriptive reports for the pilot study
administration, a reliability analysis was performed to
check for MATE-E’s internal consistency. Since the test’s
items are scored as continuous variables, the appropri-
ate test for reliability is Cronbach’s coefficient alpha
(1984). Results show that MATE-E’s Cronbach’s alpha
based on standardized items is 0.879. Additionally, the
Kaiser—-Meyer—Olkin Measure of Sampling Adequacy
index was calculated. Data shows that the sample used
was adequate (KMO=0.857). Similarly, a Bartlett’s Test
of Sphericity was performed, and results were significant
(p<0.001).

Exploratory Factor Analysis for MATE-E

An Exploratory Factor Analysis (EFA) with Principal
Component Analysis was conducted to identify MATE-
E’s test factors. Five components with Eigenvalues greater
than 1 were identified. These components represent
59.472% of the total variance explained. Table 7 sum-
marizes the total variance explained by the extracted
components.

Figure 2 shows a Scree plot with the Eigenvalues from
each component as extracted from the Principal Compo-
nent Analysis.

The Principal Component Analysis additionally
informed how the MATE-E’s items correlated with each
of the five components. The rotation method used for
this analysis was Varimax with Kaiser Normalization
and the test was adjusted to show correlations greater
than 0.40. Table 8 shows that eight items strongly corre-
late with the first component, five items with the second,
four items with the third, two items with the fourth, and
one item with the fifth.

Two of these items have strong correlations with more
than one component. Item number 2 correlates strongly
with the first and second component, while item number
seven correlates strongly with the second and third com-
ponent. However, item 2 has a stronger correlation to
the first component, while item number 7 has a stronger
correlation with the third component. Therefore, items 2
and 7 were grouped into the first and third component,
respectively.



Page 11 of 20

(2025) 18:2

Pérez-Vega et al. Evolution: Education and Outreach

1D} Ul USJILIM I9M PIPUSWILLOIR] SB SJUSWD)LIS PUR SUOIRPUSWIWIODRI JO SsUOlje|suel} [e1dy] ‘sasodind Aye)d 104,

P10 Ul US1ILIM DJE SUOIIRPUSWWIODI PUB SWM UO SANSS|

32UBPIAS DY[3UBIDS pUD
[D21I01SIY AQ pa110ddns si Uo1INJOAS JO K103y 2y |
2OUJIURID A BDLIOISIY RIDUSPIAD

Jod epefode 152 UQIDN|OAS B| 3p B1103) £

paisixa SKom|p aApy Aay1 s (adAouayd) aoup
-Ipaddp |p31sAyd aubs 243 yum Apbpoy 3sixa SubnH
opisIxe

uey aidwals anb ua (odnousy) eaisyy epusiede
BLISIW B] U0 BIp U AOY UIISIXS SOUBWNY SOT

paisixa
sAomjp anpy Aoy sp (adArouayd) aoupipaddp
10215AYd dWDS 3Y3 Yiim Appoy 1s1Xa swsiuvbiO
opisIxe

uey aidwials anb us (odnousy) eaisyy epusede
BLISIW B] U0 B]p UD AOY UISIXD SOWSIuebIo SO

(,2413Ua13s, 104, A101DIOQD] WO, 21N}

-115gns) ;edynuaid, Jod ,01101el0qe| 3P, NSNS *€
(,2UapIN3, 10}

,DIDP (2]QDYLIaA) [DNIDD), 21N3ISGNS) BIDUSPIA,
J1od ,(S9]gedylIan) SOd11DR) SOIeP, IINMISNS 7
(,uonnjona Jo Kioayl ays,

104, A10241 A1DUOIINIOAS, 21M11ISGNS) ,UOIDN|OAS

©| 3P BlI03}, 10d ,PAIIN|OAS BI03], JINYASNS |

(,90upIDaAdD |D21SAYd SWIDS 3Y1 YIIM, 10}, AoM
3WIDS ay] Ul, 21n3135gNS) eaIsl) eidusliede ewsiw
e| U0, Jod ,euwiioy BWISIW B| 3P, JINYISNG 7
(Ajon

-U3ssa, 21bUIW|T) ,23USWI[BIDUSS, JeuUlUl|F “|

(,90upIDaddD |D2ISAYd SLIDS Y1 YIIM, 10}, AOM
3WIDS 2] Ul, 21n3135gNS) e2Is) eidusLiede pwsiw
e| U0, Jod ,euwiio BWISIW B| 3P, JINYISNS 7
(Ao

-U3s53, 21bUIWT) ,23USW[BIDUSS, Jeulul|F “|

0110110QE| 9P A SODLQISIY (S3|gBdYIISA) SOd13dRY
sojep Jod epefode £1sd BAIIN|OAS ©1103} &

opnsixa uey audwials
anb U2 (0d10U3)) BWIOY RWISIW B] 3P UdW
-[eIPURSA Jp U AOY US1SIX SOUBWNY SO

opnsixa uey aidwals
anb us (odnous)) ewioj ewsiw e| 3p udW
-|eruasa ejp Us Aoy U3SIXe SOWSIURDIO SO

e1ep A10jejoge| pue ‘|edLoIs|y
‘lenyoey Aq panioddns si K103y AJeuoinn|oA :9|

aARY SAeM|e AUl UDIYMm Ul W0y
aUIeS Y3 A|[B1IUSSSS Ul ABPO]) ISIXd SURLUNKH G |

aARY SAem|e A3Y1 UDIyMm Ul uioy
WS 91 A|[Bl1USSSS Ul ABpPO1 151X SWIsIUebIO 6

Papusawiwodal se jJuswalels

suoljepuswwoday

dnoub sndoj £q parenjens Juswalers

juswaje)s [euibuo pue way)

suonepuawwodas sdnoib snooy Jo s|dwes ¢ ajqer



Pérez-Vega et al. Evolution: Education and Outreach (2025) 18:2
Table 5 Pilot study participant demographics

Groups Male Female Total

8th grade 27 25 52

10th grade 6 13 19

11th grade 53 61 114

Total groups:3  Total male:86  Total female: 99 Grand total: 185*

*There were only 174 valid cases among the 185 participants; 11 cases had
missing data

It is also important to point out that only one item cor-
relates strongly with component 5. Despite this, the team
decided not to discard this component, nor this item.
The item possesses the strongest correlation among all
observed data.

Figure 3 shows a path diagram for MATE-E’s Explora-
tory Factory Analysis. To further help visualize this dia-
gram, the Eigenvalues, rotation sums of squared loadings
and percent of variance explained are shown for each
factor. Additionally, factors are named (names are also
translated to English in italics for clarity) and the cor-
relation for each item is also shown. Rutledge and Sad-
ler’s (2007) concepts were considered when naming these
factors.

Upon conducting Exploratory Factor Analysis, items
were grouped into five components. After reviewing
how the items were grouped within the components, as
well as reference literature using the MATE instrument,
each factor was named as follows: Validez del proceso de
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evolucién (Validity of the evolutionary process), Eviden-
cia de la evolucion (Evidence of evolution), Evolucion de
los humanos y otras especies (Evolution of humans and
other species), Punto de vista de la comunidad cientifica
en torno a la evolucién (Scientific community’s view of
evolution), and Edad de la Tierra (Age of the Earth). These
factors, its corresponding items, and some sample items
are shown on Table 9. The final translated version of the
MATE-E instrument is available on Additional File 1.

MATE-E’s relationship with other variables

Independent t-tests were conducted on data sorted by
gender and sorted by grade to identify if the MATE-E
discriminated between any of the groups. Our working
assumption for the data sorted by grade is that 10th and
11th grade participants will score better than 8th grade
participants due to biology content knowledge increas-
ing with grade progression. On the other hand, we do
not expect any significant differences between male and
female participants as we did not find information on
how evolution acceptance differs between genders on
high school students. Therefore, we do not assume that
the MATE-E has the ability to distinguish the evolu-
tion acceptance of male and female respondents. On
data sorted by gender, female participants (M=76.73,
SD=12.560) had only a marginally higher score than
male participants (M=76.16, SD=13.848). The means
were not statistically different between males and

Table 6 Descriptive statistics for pilot study administration (whole dataset, by gender, and by grade)

Whole dataset Classified by gender Classified by grade
Male Female 8th 10th 11th

N Valid 174 82 92 44 19 111

Missing 1 4 7 8 0 3
Mean 76.46 76.16 76.73 71.50 7942 77.92
95% Confidence Interval for Mean Lower Bound 7449 73.12 7413 66.86 74.05 75.64

Upper Bound 7843 79.20 79.33 76.14 84.79 80.20
5% Trimmed Mean 77.15 77.07 77.25 72.27 7947 7851
Std. Error of Mean 997 1.529 1.309 2.300 2.555 1.151
Median 77.50 77.00 79.00 72.50 81.00 79.00
Std. Deviation 13.147 13.848 12.560 15.254 11.137 12.128
Variance 172851 191.765 157.761 232674 124.035 147.093
Skewness -785 -947 -587 -759 -155 -.665
Std. Error of Skewness 184 266 251 357 524 229
Kurtosis 968 1.650 082 1.160 -721 200
Std. Error of Kurtosis 366 526 498 702 1.014 455
Range 71 71 59 71 40 58
Minimum 28 28 40 28 59 40
Maximum 99 99 99 99 99 98
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Table 7 MATE-E total variance explained
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Component Initial Eigenvalues Extraction Sums of Squared Loadings Rotation Sums of Squared Loadings
Total % ofVariance Cumulative% Total % ofVariance Cumulative% Total % ofVariance Cumulative %

1 6282 31408 31.408 6282 31408 31.408 3925 19624 19.624
2 2024 10.120 41.528 2024 10.120 41.528 2934 14670 34.294
3 1482 7410 48.938 1.482 7410 48.938 2462 12311 46.605
4 1.099 5495 54433 1.099 5495 54433 1.467 7.336 53.941
5 1.008 5.039 59472 1.008 5.039 59472 1.106 5.532 59472
6 857 4.285 63.757

7 822 4.110 67.868

8 /84 3.918 71.785

9 749 3.745 75.530

10 696 3482 79.011

1 621 3.103 82.115

12 600 3.002 85.117

13 .565 2.823 87.940

14 463 2313 90.253

15 398 1.991 92.244

16 390 1.948 94.192

17 320 1.600 95.791

18 303 1517 97.309

19 294 1.468 98.777

20 245 1.223 100.000

Extraction Method: Principal Component Analysis

Eigenvalue

1 2 3 4 5 6 7 8 9

10 11 12 13 14 15 16 17 18 19 20

Component Number

Fig. 2 Eigenvalues for each MATE-E component

females, £(172) =-0.285, p=0.776. Data is summarized in
Table 10.

Independent ¢-tests were also performed to compare
means between the following grade pairs: 8th and 10th,
8th and 11th, and 10th and 11th (see Table 11). The effect
size of the difference between 8th grade and 10th grade
participants, measured by Cohen’s d, was d=-0.559,
which indicates a medium effect. On average, 8th grade

students scored eight points lower than 10th grade stu-
dents. On the other hand, the effect size of the differ-
ence between 8th grade and 11th grade participants was
d=-0.491, which indicates a small effect. When com-
pared to each other, 8th grade participants scored, on
average, close to 6.5 points lower than 11th grade partici-
pants. Differences between 10th and 11th grade were not
statistically significant.
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Table 8 MATE-E rotated component matrix
Item # Component
1 2 3 4 5
3 727
20 724
16 694
18 658
1 654
8 625
12 563
2 515 440
10 790
4 727
6 657
17 515
14 448
9 828
15 753
19 682
7 453 455
13 733
5 653
1 853

Extraction Method: Principal Component Analysis
Rotation Method: Varimax with Kaiser Normalization

Rotation converged in 9 iterations

Rutledge and Warden (1999) explained that they devel-
oped 20 items after establishing the following seven
fundamental concepts of the theory of evolution: the pro-
cesses of evolution, the available evidence of evolutionary
change, the ability of evolutionary theory to explain phe-
nomena, the evolution of humans, the age of the earth,
the independent validity of science as a way of knowing,
and the current status of evolutionary theory within the
scientific community (p. 14). As shown in Table 12, on
a subsequent study for its adaptation for university stu-
dents, Rutledge and Sadler (2007) specified six concepts
and detailed the items that addressed each of those con-
cepts. In most cases of translation, adaptation, and vali-
dation, these concepts were taken into consideration to
name the constructs for each version of the MATE. A
similar analysis regarding validity evidence shows that all
instruments differ in the data reported. Table 12 summa-
rizes sources of validity evidence reported in each article.

Consequences of testing using the MATE-E

The MATE-E test was translated to Spanish, adapted,
and validity evidence was gathered with Puerto Rican
Spanish-speaking high school students. This version of
the instrument is intended to be used for both students
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and biology teachers, based on the assumption that biol-
ogy teachers will be at least as familiar with the language
and content knowledge of the instrument. Thus, the pro-
cess of gathering evidence for the MATE-E and intend-
ing its use for students and teachers has the advantage
of allowing follow-up studies that can help measure the
change both students’ and biology teachers’ acceptance
of the theory of evolution. However, this instrument
alone does not have a direct consequence on a partici-
pant’s acceptance of the theory of evolution. The inter-
pretation of scores should be subject only to the results of
administration.

To this extent, 11 biology teachers participated in
workshops on natural selection, adaptation, evolution,
heredity, and gene expression. The MATE-E was admin-
istered before and after a pilot two-year professional
development (PD) program to test the hypothesis that
teachers’ MATE-E scores would increase after complet-
ing the PD activities. Table 13 shows the descriptive data
for both administrations.

A Wilcoxon signed-rank test was conducted to deter-
mine whether the data is statistically significant. This
test is the most appropriate due to sample size. The test
indicated that the biology teachers’ acceptance of the
theory of evolution was significantly higher after they
participated in workshops related to topics of the the-
ory of evolution, z=—2.449, p=0.014, with a high effect
size (r=0.74). The median score among biology teachers
prior to participating in these workshops was 84, which
indicates a high acceptance according to Rutledge and
Warden (2007). The median score increased to 90 after
the workshops, which indicates a very high acceptance
(Rutledge and Warden 2007).

Discussion and conclusion

Research design requires the use of instruments that
can unequivocally address a particular construct, in this
case the acceptance of the theory of evolution. To meas-
ure the impact of a professional development program
on evolution-related concepts, we developed an instru-
ment to assess the acceptance of the theory of evolution
among Puerto Rican high school teachers and students
whose first language is Spanish. The development of
instruments adapted to other languages and cultures
facilitates cross-cultural research, which has relevance
from theoretical and practical perspectives (Pena 2007).
According to a recent report, the Spanish language is the
world’s second language in terms of number of native
speakers (about 493 million) and the second language of
international communication (Ferndndez Vitores 2021).
Moreover, Spanish is the most common non-English lan-
guage spoken in the US (62% of homes) corresponding
to Hispanics being the largest minority group in the US



Pérez-Vega et al. Evolution: Education and Outreach (2025) 18:2 Page 15 of 20
ITEM 3
ITEM 20
ITEM 16
F1: Validez del
proceso de evolucion ITEM 18
(Validity of the
evolutionary process)
ITEM 1
ITEM 8
ITEM 12
ITEM 2
v
o
oY
ITEM 10
F2: Evidenciade la ITEM 4
evolucidn (Evidence of
/ evolution)
A ITEM 6
20%
ITEM 17
ITEM 14
F3: Evolucién de los 828 ——» ITEM 9
humanosy otras
\ especies (Evolution of
humans and other ITEM 15
7 species)
.099
ITEM 19
\ _ ~ | mEm7
F4: Punto de vista de la
comunidad cientifica en
N4 tornoa la evolucién -
00@ (Scientific community’s B e ITEM 13
view of evolution) \
653
\. J | ITEMS5
( )
\ F5: Edad de la Tierra
(Age of the Earth) I 85
L ) 83— 3 M1t

Fig. 3 Path diagram for MATE-E's Exploratory Factor Analysis

(Dietrich and Hernandez 2022). Hence, the development
of a Spanish-language instrument has the potential to be
adapted and used in different research scenarios, if cul-
tural biases are addressed (Pefia 2007).

The MATE has been widely used in evolution educa-
tion research since it was developed in 1999 (Athanasiou
et al. 2011; Athanasiou and Papadopoulou 2012; Barnes
et al. 2024; Beniermann et al. 2023; Deniz et al. 2008;
Lammert 2012; Metzger et al. 2018; Rutledge and Sadler
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Table 10 Independent samples t-test — data sorted by gender
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Levene’s Test for t df p value Mean Difference Std. Error Difference 95% Confidence
Equality of Variances Interval of Difference
F Sig Lower Upper
075 784 —.285 172 776 —-.570 2.002 —4.521 3382
Table 11 Independent samples t-tests — data sorted by grade
Observed pairs Levene’s Test t df p value Mean Difference Std. Error 95% Confidence
(t-tests) for Equality of Difference Interval of Difference
Variances
F Sig Lower Upper
8th and 10th grade 422 518 —2.037 61 046 —7.921 3.888 —15.696 —.146
8th and 11th grade 534 466 —2.754 153 .007 —-6419 2331 —-11.023 —-1.815
10th and 11th grade 120 730 504 128 615 1.502 2978 —4.390 7394

Table 12 Summary of sources of validity evidence reported on several versions of the MATE

Article Sources of validity evidence
Content Response Internal Relationship with Consequences
process structure  other variables of testing

Original MATE (Rutledge & Warden 1999) Yes No Yes No No
MATE adaptation for undergraduate students (Rutledge & Sadler 2007) ~ No No Yes Yes Yes
MATE of Greek education students (Athanasiou et al. 2011) * * Yes Yes No
MATE translation and adaptation to German (Lammert 2012) Yes No Yes Yes Yes
MATE translation and adaptation to Turkish (Tekkaya et al. 2012) * * Yes Yes No
MATE-E (Pérez-Vega et al. 2025) - current study Yes Yes Yes Yes Yes

*It is mentioned in the article that the MATE was previously translated and adapted, but no evidence of content or response process is reported

2007; Rutledge and Warden 1999; Tekkaya et al. 2012).
Moreover, it has been adapted, with various degrees
of validation evidence, to other languages like Ger-
man (Lammert 2012), Greek (Athanasiou et al. 2011),
and Turkish (Tekkaya et al. 2012) (see Tables 1 and 12),
making it difficult to reach generalizations (Kuschmierz
et al. 2020). Nevertheless, it has been the instrument of
choice, despite its limitations within the definition of the
construct (Romine et al. 2018; Wagler and Wagler 2013),
when comparing results to the existing literature.

In this work we present evidence on the translation,
adaptation, and validation of the MATE in Espanol
(MATE-E). A translation/back-translation framework,
complemented by an evaluation done by an expert panel
provided precise content validity for the instrument.
Furthermore, a focus group was carried out to gather
evidence for the response process. High school students
were selected for this process because they are part of
our target population for future studies. We assume that
if the language is clear enough for high school students

to understand, their teachers would not have difficulties
understanding the instrument. During the focus group,
topics such as the test’s content, and the participants’
response process were discussed to address cultural
equivalence. These results and their subsequent evalu-
ation by the expert panel provided further validity evi-
dence and insight into the changes needed to improve
the instrument to reduce language and cultural biases.

To gather validity evidence for MATE-E’s internal
structure and reliability, a pilot study was carried out
with secondary school students (n=185). Reliability test-
ing results show a Cronbach’s alpha of 0.879, which is
well within the range of a good (0.80>a <0.90) internal
consistency according to George and Mallery (2003).

The Cronbach’s alpha for MATE-E, though, is lower
than the one reported in the original instrument, which
is 0.98 (Rutledge and Warden 1999). This may be due to
factors such as a lower dataset than the original or due to
cultural differences in translation and adaptation. How-
ever, it is noteworthy to point out that Cronbach’s alpha
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Table 13 Descriptive statistics for MATE-E administration to

teachers
Pretest Posttest

N Valid 11 11

Missing 0 0
Mean 8291 89.09
95% Confidence Interval Lower Bound 75.66 8343
for Mean UpperBound 90.15  94.76
5% Trimmed Mean 83.23 89.38
Std. Error of Mean 3.251 2.542
Median 84.00  90.00
Std. Deviation 10.784 8432
Variance 116.291 71.091
Skewness -417  —509
Std. Error of Skewness 661 661
Kurtosis —-648 —-.137
Std. Error of Kurtosis 1.279 1.279
Range 34 27
Minimum 63 73
Maximum 97 100

constantly remains in the range of good internal consist-
ency even if other items are deleted. When compared to
other versions of the MATE analyzed in this paper, the
MATE-E shows good internal consistency and stands
out as the second-highest reliability among all observed
translations. These tests showed that the translated,
adapted, and validated MATE-E possesses good internal
consistency and additional tests for sampling adequacy
and sphericity confirmed that the data could undergo an
exploratory factor analysis.

An Exploratory Factor Analysis (EFA) was used to iden-
tify the underlying factor structure of the instrument
after its translation and adaptation. As part of the EFA,
a Principal Component Analysis extracted five compo-
nents with Eigenvalues greater than 1. Despite Rutledge
and Warden’s (1999) initial reporting of a standalone fac-
tor of evolution acceptance for the original MATE test,
more recent research, such as analyses done by Metzger
et al. (2018) point to the instrument having more than
one factor (Barnes et al. 2019).

The exploratory factor analysis identified five compo-
nents that explain 59.472% of the instrument’s variance,
which closely approximates Pituch and Stevens’ (2016)
recommended 60% threshold of total variance explained
for factor analysis. Due to each item’s strong correlation
to their respective components, no items from the MATE
were excluded from the MATE-E instrument. This is an
important difference between the MATE-E instrument
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and other adaptations of the MATE in the literature,
which could explain some of the differences researchers
have found when using these adaptations (Athanasiou
et al. 2011; Athanasiou and Papadopoulou 2012; Deniz
et al. 2008; Lammert 2012; Rutledge and Sadler 2007;
Rutledge and Warden 1999; Tekkaya et al. 2012). Factors
were also found to behave in a comparable manner as
Rutledge and Sadler’s (2007) discussion of MATE’s con-
cepts. Some items aligned with the components similarly
in the MATE-E. These concepts were considered when
naming MATE-E’s factors. All evidence considered; the
MATE-E instrument is found to be fit for its use with
Puerto Rican Spanish speakers.

Further analysis of the pilot study data to gather evi-
dence based on the relationships with other variables
showed, as expected, no statistically significant differ-
ences in acceptance of the theory of evolution between
male and female students #(172)=-0.285, p=0.776. We
further explored if there were any potential differences by
grade level, given that biology content knowledge tends
to increase with grade progression. In Puerto Rico’s high
school curriculum, students typically take an introduc-
tion to biological sciences in 7th grade and a more com-
prehensive Biology course in 10th grade. As predicted,
we found that the mean scores of 8th grade participants
when compared to 10th and 11th grade participants were
lower and statistically different.

The final version of the MATE-E was compared to
other available versions and adaptations of the MATE.
Rutledge and Warden (1999) recommended exploring
the relationship between the acceptance of evolution
with other variables (such as understanding of the theory
of evolution or understanding of the nature of science)
using other instruments. Some published adaptations of
the MATE followed their suggestion (Athanasiou et al.
2012; Lammert 2012; Rutledge and Sadler 2007; Tekkaya
et al. 2012). However, the MATE-E was analyzed using
only the available variables (grade and gender) to keep
the data strictly within the parameters of the translation,
adaptation, and validation process.

Validity evidence for the instrument’s use was gathered
by measuring changes in acceptance of the theory of evo-
lution among in-service high school biology teachers.
The MATE-E was administered as a pre/post assessment
along specific activities on concepts related to the theory
of evolution as part of a two-year professional develop-
ment (PD) program. We tested the instrument with
eleven Puerto Rican, Spanish-speaking biology teachers.
We hypothesized that teachers’” MATE-E scores would
increase after completing the PD activities. Indeed, the
median score rose from 84 (high acceptance) to 90 (very
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high acceptance), per Rutledge and Warden’s (1999) cri-
teria. A Wilcoxon test confirmed a significant increase in
acceptance, supporting our hypothesis about the instru-
ment’s score interpretation. Moreover, the data suggests
that the PD program effectively fostered greater accept-
ance of evolution among teacher participants.

The present study provides evidence for the adaptation,
reliability, and validity of the MATE-E, a Spanish transla-
tion of the Measure of Acceptance of the Theory of Evo-
lution, and supports its use in research and evaluation
with Puerto Rican, Spanish-speaking secondary-level
students and in-service biology teachers.

Limitations

As expected in these types of studies, there are limita-
tions associated with the generalization of results. First,
all research activities were conducted using online tools
and platforms as they took place during the COVID-
19 pandemic lockdown period. Hence, the expert panel
meetings, focus group, and the pilot study, were all per-
formed online. Other researchers who plan to replicate
this study may opt to carry out research activities in per-
son. Second, there was potential sampling bias during the
pilot study phase because all participants were from the
University of Puerto Rico, Rio Piedras Campus’ Labora-
tory Secondary School. Researchers who may seek to
perform a confirmatory factor analysis to test whether
data fits the measurement model are recommended to
further expand the population to include students from
different schools in their sample. Lastly, regarding the
data obtained from teacher participants, as there were
few participants (n=11) these results cannot be gener-
alized because they do not meet sample size and sam-
ple representation criteria. A larger, more representative
sample size should be considered for future studies, to
confirm if results can be generalized.

It is noteworthy that before this report, Barnes et al.
(2022) published a revised version of the MATE instru-
ment, the MATE 2.0. The revised instrument contains
nine items aligned to the consensus definition of accept-
ance of evolution and has a different scoring system
(Barnes et al. 2022). Following Barnes et al. (2024) rec-
ommendation, we are considering the use of the MATE
2.0 for further studies; however, it should first be trans-
lated to Spanish and culturally adapted for our purposes.
Evidence for its validation should also be gathered to
determine if the instrument is appropriate for use with
our target audience.
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