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Abstract
Despite the importance of evolution to understand biology, there is significant evidence that 
many biology teachers have difficulties to successfully teach this topic. The purpose of this 
study is to describe procedures by which a paper-and-pencil instrument to assess teachers’ 
pedagogical content knowledge for evolution (PCKevo) was developed and validated. The 
instrument was created to measure the components proposed in the model of Magnusson 
et al. (1999), except for the orientations. The creation of the questionnaire was carried out 
through eleven steps: (1) conceptualization, (2–4) creation of items and rubric reviewed by 
experts (focus on content and construct validity), (5–7) piloting a 32-item questionnaire to 
10 biology teachers (focus on face and construct validity and reliability), (8–10) piloting a 
16-item questionnaire to 61 biology teachers (focus on discriminant and construct validity 
and reliability), (11) application of a different instrument (CoRe interview) to four teachers 
(focus on criterion validity). The final version of the questionnaire (which includes three 
PCK components) showed in a Rasch analysis for the reliability of the items (α = 0.90) and 
persons (α = 0.81) adequate values. When applying the final version of the questionnaire, 
there is also evidence of discriminant validity (differences between two groups of teachers 
with or without professional development in evolution education). The contributions of the 
PCKevo instrument for research topics and evolution teaching are discussed.

Keywords  Evolution · Natural selection · Paper-and-pencil instrument · Pedagogical 
content knowledge

Introduction

There is a significant amount of literature that confirms that evolution and its main mech-
anism natural selection is poorly understood at all levels, including elementary students 
and high school students (e.g., Kampourakis & Zogza, 2007; Cofré et  al. 2018a), biol-
ogy majors (e.g., Cofré et al. 2016), pre-service biology teachers (e.g., Cofré et al. 2016; 
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Friedrichsen et al., 2018), and even in-service biology teachers (e.g., Nehm & Schonfeld, 
2007; Cofré, Cuevas & Becerra 2017).

One explanation offered for students’ low acceptance and low understanding of evo-
lution is the weaknesses of biology teachers in teaching the content. There is significant 
evidence that describes the difficulties biology teachers have regarding their beliefs, limita-
tions, and insecurities about evolution (Sickel & Friedrichsen, 2013; Glaze & Goldston, 
2015; Deniz & Borgerding, 2018). Because of the key role of teachers in the creation 
of significant learning on evolution, the question arises regarding how prepared biology 
teachers are to teach this important content (e.g., van Dijk 2009; Cofré et al. 2017; Deniz & 
Borgerding, 2018). More specifically, it is important to study which is the pedagogical con-
tent knowledge (PCK) of evolution that biology teachers display, this is, what knowledge 
do they have regarding how to teach and evaluate this subject, and which are the students’ 
learning difficulties (e.g., Cofré et al. 2016). One of the limitations that prevents teachers 
from adequately teaching this content is the lack of training on teaching strategies to teach 
evolution (e.g., Romine et al., 2014; Sickel & Friedrichsen, 2013; Cofré et al. 2017) and to 
work with student preconceptions (Lucero et al., 2017; Parraguez et al. 2022). Despite tak-
ing this under consideration, there are some gaps in the research related to the knowledge 
about teaching and understanding evolution, specifically on how to evaluate it and how 
it relates to students’ knowledge and acceptance of evolution (Nehm & Schonfeld, 2007; 
Sickel & Friedrichsen, 2017; Lucero et al., 2017).

On the other hand, PCK has been considered for several decades to be one of the most 
important components of professional knowledge, but also one of the most difficult to 
understand (van Driel et al., 2014; Gess-Newsome, 2015; Chan & Hume, 2019). In recent 
years, the great development in research about PCK of science teachers has centered 
around several subjects, one of those is how to measure or evaluate it (e.g., Alonzo & Kim, 
2016; Chan & Hume, 2019). However, the studies that describe reliable and valid instru-
ments to evaluate PCK in biology teachers are still few, especially in evolution (Chan & 
Hume, 2019; Großschedl et  al., 2019). In this context, the main goal of this study is to 
describe procedures by which a paper-and-pencil instrument to assess teachers’ PCK for 
evolution (PCKevo) was developed and validated.

Literature Review

Conceptualization and Measuring of Pedagogical Content Knowledge

Shulman (1986) proposed his ideas about how the topics of any scientific content should 
be addressed in class, and how the teacher should be aware of different elements that would 
be the key to generate learning in students. Magnusson, Krajcik, & Borko (1999) state that 
knowledge pertaining to teaching is composed by five components that can be measured 
separately: (1) orientations towards science development, (2) knowledge and beliefs about 
the science curriculum (KSC), (3) knowledge and beliefs about student understanding of 
science specific issues (KSU), (4) knowledge of assessment of science learning (KAS), 
(5) knowledge and beliefs about instructional strategies and representations (KISR). Dur-
ing the last decade, a search began to find a model able to unify many ideas previously 
worked in parallel by different researchers. This is how Gess-Newsome (2015) proposes a 
consensus model (CM) thought from a professional development perspective, which com-
bines content, pedagogy, and context. Despite the contributions of this model, the search 
continued for a new, more robust model in theoretical and practical terms, suggesting in 
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2019 the Refined Consensus Model (RCM; Carlson & Daehler, 2019). Despite the cur-
rent existence of these two models, the model of Magnusson et al. (1999) continues to be 
the most universally used in the literature according to some of the most cited reviews on 
PCK (e.g., Abell, 2007; van Driel, Berry, & Meirink, 2014; Chan & Hume, 2019). In fact, 
Chan & Hume, 2019 have showed that from 100 articles published on PCK in the main 
science education journals between 2008 and 2018, about 50% have used Magnusson’s 
model or modifications of it. One of the most widely used variations of this model is 
the proposal by Park & Oliver (2008) who has focused on measuring the interactions 
of the five original components of Magnusson’s PCK model (e.g., Park & Suh, 2015). 
Thanks to this last model, it has been described that the different knowledge within 
the PCK can interact, develop differently, and depend on the content (Park & Chen, 2012; 
Bravo & Cofré 2016; Reynolds & Park, 2021). Due to the CM and RCM eliminate these 
components and thus the possibility of continuing to better understand the development 
and interaction of this knowledge, this research will use Magnusson’s PCK model pro-
posal as the theoretical framework.

On the other hand, PCK measuring requires complex and special procedures given that 
it involves assessing tacit procedural knowledge. For this reason, different reviews have 
proposed that the best way to measure and describe PCK is to collect data from different 
sources (e.g., Baxter & Lederman 1999; Chan & Hume, 2019). In their review, Chan & 
Hume (2019) determined that research done in the last 10 years frequently had used more 
than one sources of data to gather information about PCK from science teachers. These 
approaches often resort to triangulation of structured and semi-structured interviews, 
stimulated recall interviews, artifacts from teachers task, concept mapping, teachers reflec-
tive journals, and lessons observations (e.g., Park et al., 2011; Jüttner & Neuhaus, 2012; 
Rollnick, 2017; Coetzee, Rollnick & Gaigher, 2020; Reynolds & Park, 2021). One of the 
most widely used proposals to measure PCK has been the CoRes (Content Representa-
tion) and PaP-eRs (Pedagogical and Professional-experience repertories) procedures devel-
oped by John Loughran and his colleagues (e.g., Loughran, Mulhall & Berry, 2004, 2008). 
These instruments have been widely used to describe and document the PCK of secondary 
and elementary teachers (e.g., Loughran, et al., 2004, 2008; Padilla et al., 2008; Bravo & 
Cofré 2016; Rollnick, 2017; Coetzee, Rollnick & Gaigher, 2020). The main outcome of 
these efforts has been the conviction that the best way to characterize PCK is both through 
observation of teacher performance and interviews where the teacher explains why he or 
she made the pedagogical decisions observed. However, despite the good results of these 
approaches, qualitative studies tend to include small samples and require significant time 
for its analysis. On the other hand, although the use of questionnaires and tests has been 
one of the most used methodologies in the study of PCK in recent years, no more than six 
articles have focus on develop questionnaires to determine PCK in science teachers (Chan 
& Hume, 2019). Paper and pencil evaluations have been described as a promising tool to 
determine PCK, since it is a reliable, objective, and valid method that can be applied to 
larger samples (Schmelzing et al., 2013) and can be also used in conjunction with teaching 
artifacts (e.g., Kanter & Konstantopoulos, 2010), interviews (e.g., Zhou et  al., 2016), or 
lesson observations (e.g., Roth et al., 2011).

Pedagogical Content Knowledge on Evolution

Although evolution is a complex subject to teach, research about PCKevo in teachers 
is scarce (e.g., Lucero et  al., 2017; Cofré et  al. 2016, 2017; Friedrichsen et  al., 2018; 
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Sickel & Friedrichsen, 2018, see also Sickel & Friedrichsen, 2013 for a review about 
teacher knowledge about teaching evolution). Among these, the study of Lucero et al. 
(2017) included four teachers at a secondary school in the USA, which revealed that 
teachers were not making use of alternative conceptions of their students to direct their 
teaching, and these conceptions were only corrected or not acknowledged. In a different 
study, Bravo & Cofré (2016) explore how PCKevo of two teachers is modified by par-
ticipating in a professional development program. Through qualitative methods such as 
CoRes and PaP-eRs, the results show that reflective processes about the teaching prac-
tice promote transformation of beliefs and knowledges about optimal teaching methods 
and strategies of evolution. In another study, Sickel & Friedrichsen (2018) decided to 
conceptualize the PCK development of three biology teachers while they taught natu-
ral selection. Using three different analytical lenses to evaluate PCKevo, researchers 
concluded that teacher knowledge and content preparation affect teaching. A common 
aspect of these studies has been the qualitative methodology that has been used to study 
PCKevo, which results in small samples and prevents generalization. Therefore, perform-
ing quantitative studies is a step forward in the research of PCKevo.

Understanding and Teaching Evolution

The obstacles that can be observed when teaching and understanding evolution are 
related to multiple issues: teleological thinking (species evolve out of necessity to adapt 
to the environment), alternative conceptions about how science works, media expres-
sions and terminology, religious beliefs of students and the same mistakes that are pre-
sent in biology classes as teachers address the content (Nehm, 2018). The teleological 
idea, for example, is a preconception that tends to repeat itself in a great number of stu-
dents, where the thought is that biological change in species occurs by the will of indi-
viduals to adapt to the environment (Kampourakis & Zogza, 2007; Nehm, 2018). On 
the other hand, for a long time, preconceptions about the nature of science have made 
acceptance and understanding of the theory of evolution more difficult for students. In 
their review, Glaze & Goldston (2015) indicate that both acceptance and understand-
ing of evolution have a positive relationship with the nature of science. However, other 
studies have proposed that this relationship could be more complex (Cofré et al. 2017). 
These authors showed that, in their study with 31 biology teachers that participated in 
a professional development program, a significant correlation was not found between 
the understanding of the natural selection mechanism, acceptance of evolution and the 
understanding of nature of science by teachers.

On the issue of teaching evolution, Glaze & Goldston (2015) in a thorough review 
of the topic during the last years state that student-centered teaching, which includes 
active learning would be the most effective approach. For example, the research car-
ried out by Cofré et  al. (2018a, b) demonstrates that doing activities that work with 
conceptual change and emphasize the use of real data from actual research about evo-
lutionary phenomena significantly improved eleventh grade students’ understanding of 
the mechanism of natural selection. Moreover, the use of models and laboratory activi-
ties focused on socio-scientific issues (e.g., bacteria resistance to antibiotics) allows to 
increase the understanding of the evolutionary mechanism of natural selection, and in 
addition, it would not only yield good results for improving understanding, but these 
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types of strategies also allow the development of scientific thinking abilities such as 
data analysis and argumentation (Williams et al., 2018).

Research Questions and Hypothesis

In accordance with the reviewed literature, the following questions guided this study: (1) 
What validation and reliability processes should an instrument undergo to adequately 
describe PCKevo in biology teachers? (2) What will be the discriminant power of the instru-
ment if PCKevo is evaluated in biology teachers with and without experience in teacher 
professional development on evolution? Therefore, the hypotheses are as follows: (H1) The 
inclusion of varied and pertinent sources of validation, such as those indicated in the litera-
ture, will allow the instrument to adequately approximate the PCKevo of biology teachers; 
(H2) Teachers that have participated in a professional development program related to the 
teaching of evolution will score higher on the PCK than teachers that have not received 
improvement training in this area.

Methods

Construction of an Instrument to Approach PCKevo

The detailed identification of the underlying theory of the research is one of the key points 
for the construction of a reliable instrument with solid evidence of the validation processes 
that can capture PCKevo for biology teachers. Following sections present eleven steps in the 
construction of the questionnaire developed to measure PCKevo (Fig. 1). The questionnaire 
was created using similar procedures to those described in the literature related to PCK 
measuring (e.g., Jüttner & Neuhaus, 2012; Schmelzing et al., 2013; Jin et al., 2015; Kirsch-
ner et al., 2016; Park et al., 2018; Großschedl et al., 2019).

Step 1. Conceptualization of PCK.

Fig. 1   Schematic diagram of the eleven steps to create the instrument on PCK of evolution
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The instrument was developed including evolutionary topics, present at Chilean cur-
riculum (Mineduc, 2015, 2019) as well as, at international literature (e.g., Deniz & 
Borgerding, 2018). In both, there is emphasis on the evidence supporting evolution to 
grant it valid scientific knowledge status and consider natural selection as a mechanism 
of the origin of species. Regarding natural selection, literature has pointed out that this 
mechanism presents significant difficulty for its teaching, for both students and teachers 
(e.g., Lucero et  al., 2017; Nehm, 2018). On the other hand, the issue of evidence for 
evolution has also been recognized as an important point to address due to its implica-
tions in the acknowledgement of the scientific status of the theory of evolution (e.g., 
Glaze & Goldston, 2015; Cofré et  al. 2018a, b). Regarding PCK conceptualization, 
questions in the questionnaire were created considering four components of the model 
of Magnusson et al., (1999): KSU, KISR, KSC, KAS. For each component, eight ques-
tions were created, which related to natural selection and theory and evidence evaluated 
by the instrument.

Step 2–4. Creation of Items and Rubric.
Considering the guidelines from Step 1, two biology teachers with experience in 

research and classroom teaching of evolution created eight open-ended questions for 
each PCK component (32 questions in total) (Table 1). The teachers resorted to litera-
ture to elaborate items related to teaching strategies for difficult topics and alternative 
conceptions of students about evolution (e.g., Robbins & Roy, 2007; Williams et  al., 
2018). The validity of the construct was examined by two researchers with broad experi-
ence in teaching these contents in schools, universities, and in-service teacher training. 
The validity of the content was reviewed by an evolutionary biologist of well-known 
trajectory both in research and university teaching of evolution. To categorize the 
answers from teachers, we elaborated an analytic rubric that classifies their answers in 
three possible categories and where the score is obtained according to the level in which 
the answer is classified (Table 2). The rubric was created deductively, including knowl-
edge about PCKevo from the literature, including for example the use of preconceptions 
for planning instruction or the use of good teaching strategies such as include nature 
of science or human evolution (e.g., Sickel & Friedrichsen, 2013; Cofré et  al. 2016, 
2017; Friedrichsen et al., 2018; Harms & Reiss, 2019). In level 2 (Table 2), answers are 
explicit, complete, and integrate all quality criteria mentioned in the question. In level 
1 (Table 2), answers included one of the quality criteria in the highest category or those 
that included enough criteria but presented ambiguities that made it difficult to clearly 

Table 1   Example of instrument item by component. The whole instrument is available in Supplementary 
material

Component Items

KSU When performing an assessment on evolution after addressing the content and asking students 
about their position on the evolution theory, you realize that many of them understand it, but 
do not accept it. Why do you think that, despite the evidence presented in class, there are 
students that still do not accept it? Explain

KISR During evolution class, a student comments that certain plants had to develop thorns in their 
stem to avoid being eaten by herbivores. According to this information, what questions 
would you ask the student to confront him with this alternative conception?

KSC Explain why it is important to know the essentials of DNA to address the concepts of Evolu-
tion and Biodiversity
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understand their decision, thought, or position. Finally, in level 0 (Table 2), answers did 
not include any criteria mentioned at the highest level or did not indicate any of compre-
hension of the problem or question. The rubric was elaborated by the same teachers and 
researchers that created and validated the instrument.

Step 5–7. Validity and Reliability of Pilot 1.
Ten biology teachers participated in pilot 1. Most teachers had additional training in 

evolution education, through workshops and courses of teacher development programs. 
Two questionnaires of 16 questions each (32 questions in total) were applied online to the 
teachers (one questionnaire at a time), with a 1-month deadline to complete both instru-
ments. In both questionnaires, there was a section to comment on the question and contrib-
ute in this way to the improvement of the items of the instrument (construct validity). With 
the results of the analysis, the Cronbach’s alpha was calculated as a measure of internal 
consistency for the complete questionnaire (α = 0.63) as well as for each PCK component 
(KISR: α = 0.64; KSU: α = 0.45; KSC: α = 0.65; KAS: α = 0.33). Here, we are understand-
ing reliability or internal consistency as the extent to which an instrument can be expected 
to give the same measured outcome when measurements are repeated (Taber, 2018). From 
the results of pilot 1 and considering the feedback by teachers, 16 questions were elim-
inated. This process excluded the PCK component knowledge of assessment of science 
learning (KAS) and reduced the number of questions per component.

Step 8–10
a) Validity and Reliability of Pilot 2.
Discriminant validity is the validity obtained from the instrument when comparing two 

groups that, according to their nature, are expected to obtain different results or what is 
the same, the instrument allows “discriminating” between said groups (AERA, APA, and 
NCME 2014; Ergönenç, Neumann & Fischer 2014; Lederman et al. al., 2014; Großschedl, 
et al., 2019). Pilot 2 included a group of 61 teachers with and without participation in pro-
fessional development programs (PDP) on understanding and teaching evolution, which 
provided an opportunity to perform a comparison between their performances (discrimi-
nant validity). Based on existing evidence about the effectivity of the PDP in which they 
participated is expected a difference between both groups (Cofré et al. 2017, 2018a, b). Of 
the 61 teachers, 16 of them had participated in PDP which included general aspects of sci-
ence education, knowledge, and teaching of nature of science, and knowledge and teaching 
of evolution (see Cofré et al. 2017 for more details on PDP). Teachers who participated 
in this study were in the 21 to 55-year-old range and had a professional experience of 1 to 
25 years; 72% of them are female and 28% are male. Teachers had 2 weeks to respond the 
questionnaire at home. In this phase of the study, participant teachers were rewarded with 
three different types of presents: a book on the subject (evolution or genetics), hands-on 
resources for the teaching of evolution, or a flash drive with evolution teaching materials 
(scientific articles, activities, power point presentations, etc.). Two authors independently 
coded 976 responses using the rubric. Mean inter-rater reliability values of questions was 
measured using Kappa (k = 0.76). Three questions present a moderate Kappa value between 
(k = 0.40–0.60); five questions present a satisfactory Kappa value (k = 0.61–0.80); and eight 
questions present an extremely high Kappa value (k = 0.81–1). Furthermore, a Spearman’s 
correlation analysis between the total score by teacher obtained by each researcher reached 
a value of r = 0.93 (p < 0.001). This shows that the discrepancies in the three lowest per-
forming questions do not affect the final PCK value of each biology teacher. Discordant 
scores were resolved via deliberation between the two researchers, leading to a set of con-
sensus scores for all concepts.

b) Data Analysis (Pilot 2).
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For data analysis of pilot 2, we also performed the Cronbach’s alpha test with the SPSS 
20.0 program. Furthermore, and as a complementary statistical measure (Taber, 2018), it 
was used the partial credit model by Rasch (Andrich, 1978), an analysis reported by vari-
ous studies related to the creation of instruments to measure PCK (e.g., Jüttner & Neu-
haus, 2012; Kirschner et  al., 2016; Großschedl et  al., 2019). Rasch’s measuring offers a 
broad range of techniques that can be used to evaluate the validity and reliability of evalu-
ation instruments. A distinctive feature of this analysis is that it offers a joint measuring, 
this is, the parameters of people and items are expressed in the same units and are in the 
same continuum, which allows to visualize the interaction of the participants of the study 
with the questions of the instrument (Andrich, 1978). To prove the items’ fit to the Rasch 
model, the sum of the squared standardized residuals (MNSQ) were used. The MNSQs, 
which indicate how accurately data of each item fit the respective item response theory’s 
assumptions, have acceptable values when ranging from 0.5 to 1.5 (Boone et  al., 2014). 
The validity of the test construct was evaluated using the Wright map (Aryadoust, 2009; 
Boone et  al., 2014). For the instrument to be validated by the results obtained after the 
application of Rasch, the average of the results from teachers should be close to the average 
of the instrument’s items, which would indicate a good orientation of the items. Likewise, 
the reliability of both should be close in relation to one another, and each one of them 
should be > 0.7 (Jüttner & Neuhaus, 2012).

Step 11. Criterion Validity.
Criterion validity, also known as concurrent validity and prognostic validity, compares 

the results of an instrument with a criterion assessed at the same time (Fischer et al., 2014). 
A qualitative method to capture PCK of science teachers that is widely used in the literature 
are CoRe and PaP-eR (Loughran et al., 2004; 2012 see Literature Review). Here, the CoRe 
was applied to four teachers that answered the PCKevo in pilot 2, with the goal of evaluat-
ing the existence of correspondence between the teacher’s score in the questionnaire and 
the description of the knowledge declared on the CoRe, this is, we evaluated PCK of four 
teachers with a different criterion at the same time (Fischer et al., 2014). To achieve a clear 
representation of what is presented in the CoRe, we decided to follow the methodology pre-
sented in the work of Bravo & Cofré (2016). Specifically, the CoRe diagrams generated for 
each teacher were described highlighting 4 traits: (a) the total number of concepts present in 
the diagram, (b) the number of connections between concepts and the diagram, (c) number 
of new concept or subcategories inside PCK components, and (d) the number of concepts of 
each teacher agree with the knowledge expressed in a collective CoRe created by a group of 
six expert biology teachers and biology educators (Cofré et al in preparation). As describes 
by Carlson & Daehler (2019), this could be a valid way of capture the collective PCK about 
evolution.

Results

Cronbach’s Alpha Reliability Analysis

The results show that there was a change in the values of the Cronbach’s alpha for the 
whole instrument increased from α = 0.63 to α = 0.76 in pilot 2, being this a good value 
for an internal consistency in PCK questionnaires (e.g., Ergönenç et al., 2014; Park et al., 
2018). Among the evaluated PCK components, the Cronbach’s alpha obtained were almost 
equal (KISR: α = 0.65; KSU: α = 0.46; KSC: α = 0.65). Although, one of these values is 
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low, the small number of items in each of the PCK subcomponents must be considered 
(Taber, 2018). On the other hand, the high Cronbach’s alpha value for the entire instrument 
may reflect the internal consistency of the PCK as construct and the multiple interactions 
that exist between the PCK subcomponents (e.g., Park & Oliver, 2008) and not just an 
increase in the number of items (Taber, 2018).

Psychometric Analysis of the PCK Instrument

The average difficulty of the items was established at 0 for the adjustment test of the 
model, and therefore, the standard deviation comes close to the value 1, since most of 
the elements are between − 1 and + 1 logist (SD = 0.5). Regarding the infit and outfit 
MNSQ, the values of 15 items are within the expected interval (0.5 < MNSQ < 1.5); 
therefore, item (no. 16) was excluded of the analysis (Boone et al., 2014). For 15 items 
of the PCK evolution instrument, the reliability measure of the items (rel.EAP/PV = 0.90) 
and for persons (rel.EAP/PV = 0.81) indicate a productive measuring of the instrument 
(Großschedl et  al., 2019). The Wright map of the PCKevo questionnaire was used to 
analyze the validity of the construct of the instrument (Boone & Rogan, 2005). Figure 2 
shows the Wright map of the PCKevo questionnaire. Teachers (left side) that are at the 
bottom of the map are those with the lowest ability level, and in turn, those teachers 
at the top present a high ability to respond correctly to most questions on the instru-
ment. On the bottom of the map (right side), there are those questions that were easy 
to answer and as we approach the superior section, questions that were hard to answer. 
The map indicates that there is an optimized measuring precision in the construction of 
the instrument. The final version of the PCKevo questionnaire is included in the Supple-
mentary material 1.

Comparison of Results Between 2 Groups (With and Without PDP)

Figure 3 reveals a significant difference between the scores obtained by teachers with and 
without experience in a professional development program about evolution and its teach-
ing. The Mann–Whitney test between the two groups indicated that biology teachers that 
participated in the PDP have, on average, an PCKevo value significantly higher than teach-
ers without this experience (z =  − 4.23; p < 0.001; r = 0.58). Teachers that were part of 
the group that had not gone through evolution, PDP reached an average of 15.6 points, 
while those that had been a participating in PDP reached an average score of 21.9 points 
(Fig. 3).

Application of the CoRe Interview as an Evidence of Criterion Validity

A valid and reliable instrument should yield results that agree with previously recognized 
methodologies. In this case, when we compare the CoRe of four biology described a simi-
lar pattern: teachers with a diagram describing a more developed PCK obtained a question-
naire score considerably higher than that of the teacher with less complex diagrams. Spe-
cifically, diagrams belong to teacher with higher questionnaire score have more concepts, 
more connections among concepts, more concepts shared with the collective PCK for evo-
lution, and present more exclusive subcategories. Additional concepts and subcategories 
are related to topics that literature on evolution PCK has acknowledged as important: The 
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Fig. 2   Wright Map for the results 
of PCKevo (n = 61). Results of 
people are marked with an “X,” 
those of questions are labeled 
with the question number and 
the type of knowledge evaluated 
was assigned a letter (R = KISR; 
S = KSU; C = KSC). Questions 
on the top part of the map repre-
sent the most difficult questions. 
The questions at the bottom of 
the map represent those easier to 
answer. Teachers that appear at 
the top part of the map are those 
who present a greater ability to 
respond to the items and those at 
the bottom of the map are those 
that have less ability to respond 
to the items
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link with nature of science (NOS) (specifically how to teach the difference between theory 
and law to students) and teaching evolution theory after reviewing essential genetics and 
ecology elements. Supplementary material 2 shows the diagram of two biology teachers.

Discussion

Validation and Reliability Processes in the Preparation of an Instrument

During the last 7 years, only five articles in the field of teaching biology are related to the 
creation of instruments that will allow to capture PCK of a given biological content (Jüttner 
& Neuhaus, 2012; Jin et al., 2015; Park et al., 2018; Schmelzing et al., 2013; Großschedl 
et  al., 2019), but none of them related specifically to evolution. Only  Großschedl et  al. 
(2019) included evolution as one of the six contents included in their biology PCK instru-
ment. Therefore, the creation of a questionnaire of this kind represents a contribution to 
both PCK research, and research that seeks to improve the understanding and teaching of 
evolution. Regarding the information of the components the instrument provides, it evalu-
ates three components of PCK, knowledge and beliefs about the science curriculum (KSC), 
knowledge and beliefs about student understanding of science specific issues (KSU), and 
knowledge and beliefs about instructional strategies and representations (KISR). KSU is 
not a feature usually included in instruments, since most of them evaluate only KSK and 
KISR (e.g., Jüttner & Neuhaus, 2012; Jin et al., 2015; Park et al., 2018; Schmelzing et al., 
2013); however, we consider that the evaluation of KSU to be very important when you 
want to teach complex content such as evolution. Only Großschedl’s et al. (2019) instru-
ment has evaluated more components, which shows the difficulty in achieving this objec-
tive (Großschedl et al., 2019).

Regarding the hypotheses, the use of varied and pertinent sources contributed to the 
creation of an instrument, which, according to the results obtained in the validation pro-
cesses, allows us to adequately approach the PCKevo of biology teachers; therefore, the first 
hypothesis is accepted. The discriminant validity investigated with teachers with and with-
out PDP on evolution meets the standards in international research for PCK instruments 

Fig. 3   Comparison between total 
mean results of teacher responses 
with and without participating in 
an evolving professional develop-
ment program (PDP)
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(e.g., Schmelzing et al., 2013; Kirschner et al., 2016; Großschedl et al., 2019). The results 
obtained by the comparison between the two interest groups in this study strengthen 
the results of the PCK instrument due to the discriminating power it had on the knowl-
edge of the teaching evolution. Those teachers who had participated in a PDP on evolu-
tion obtained a significantly higher score than those without PDP, thus the second study 
hypothesis is also accepted.

The results of the Cronbach’s alpha reliability analysis for the whole instrument show 
a good value within the literature about PCK measuring (e.g., Ergönenç et al., 2014). For 
example, Park et al. (2018) report a Cronbach’s alpha like the one obtained in this study 
(α = 0.84), while Großschedl et  al. (2019) report a slightly higher value (α = 0.92) and 
Jüttner & Neuhaus (2012) obtained a lower Cronbach’s alpha value (0.60 < α < 0.65). The 
use of the Rasch analysis was useful to connect theory with measuring helping in the selec-
tion of elements that would improve to measure PCKevo. The interpretation of the results 
provided by the Rasch analysis supports the idea that the 15 item questionnaire offers a 
scoring with adequate reliability and a sufficient degree of validity. The Wright map, for its 
part, suggests that the ability of the teacher to respond to questions is distributed in a par-
tially normal way, with a slight tail towards the respondents with the lowest ability level. 
Furthermore, the Wright map indicates that the items or questions are distributed close to 
typical question difficulty. This is relevant information for those researchers that wish to 
approach PCKevo using an instrument with adequate psychometric properties (Großschedl 
et al., 2019). Großschedl et al. (2019) state that cross validation provides additional infor-
mation about an instrument, and therefore, during the process of creation of this question-
naire, various resources were used which collaborated in the consolidation of the final 
instrument.

Recommendations and Implications for Future Research

The performed and reviewed evaluations suggest this questionnaire provides with an objec-
tive scoring, evidence for each validation process, and appropriate reliability. However, 
one of the limitations is related to the unequal number of questions per PCK component. 
Although having the same number of questions for each component does not guarantee to 
increase the reliability of the instrument, it could apparently provide security to research-
ers that use this questionnaire to evaluate PCKevo of teachers. Another limitation is that the 
sample in pilot 2 is already small compared to other studies (e.g., Schmelzing et al., 2013; 
Jin et al., 2015; Kirschner et al., 2016; Park et al., 2018; Großschedl et al., 2019). This is 
explained by the difficulties getting teachers to answer the questionnaire. The reduced free 
time teachers must perform activities outside their teaching workload (Cofré et al. 2015) 
can explain this little availability of participation. This reduced teacher participation also 
prevented it from doing a factor analysis, which must be performed with more than a hun-
dred people for an instrument of more than ten questions (Field, 2009).

This study presents a new instrument for measuring PCK which can be used along other 
methods such as a CoRe and PaP-eR (Loughran et  al., 2004) or rubrics (Park & Oliver, 
2008). For the study of PCK, different data sources are often triangulated. We are aware 
that an adequate capture of PCK in teachers is carried out “in action” and “on action”; 
however, it is important to note that declarative instruments have laid the foundations of 
what is known today about PCK in various topics. As researchers, we have advanced in 
complementary research of PCK “on action,” based on the products of this pencil and 
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paper instrument, finding consistency in the results (Bravo and Cofré 2016). This instru-
ment contributes with one more source of reliable data (Chan & Hume, 2019). On the 
other hand, regarding the reliability of the results, the application of this instrument offers 
reliable data about PCKevo in biology teachers. This can open a new line of investigation 
in the field of PCKevo, where most studies have been performed with small samples (e.g., 
Bravo & Cofré 2016; Lucero et al., 2017). Lastly, this new instrument could facilitate the 
analysis of the relation between PCKevo and other variables such as teacher subject matter 
knowledge or student performance (van Driel et al., 2014; Chan & Hume, 2019).

Supplementary Information  The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s11165-​022-​10042-0.
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