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Abstract 

The topic of ‗teacher professionalism‘ is one of the most crucial ones in quality education research. It has a 

potential to generate results that could inform and hence enhance the practice in classrooms. Thus, research in 

this field needs reliable instruments to measure the professional knowledge of our teachers to be able to generate 

reliable results for our research problems. Not many instruments have been developed with regard to this topic. 

At the same time, an adequate validation of the instrument developed is often missing (Schilling & Hill, 2007). 

Hence, in a bigger project ProwiN (German acronym for professional knowledge of science teachers), test 

instruments for measuring science teachers‘ pedagogical, pedagogical content and content knowledge (PK, PCK, 

and CK) were developed for the subjects biology, chemistry and physics. The present study tested the validity of 

some of these items which were used to measure the pedagogical content knowledge (PCK) of biology teachers. 

These items focused on measuring teachers‘ professional knowledge by analyzing 1) teachers‘ knowledge about 

student understanding (or lack of understanding) of several topics in biology and 2) knowledge about 

instructional strategies like the use of models or experiments. The content validity of these instruments was 

examined by think-aloud interviews with American and German Biology teachers (N=11). This study shows a 

high content validity for these items. Furthermore, this paper demonstrates the scope for adapting the conceptual 

framework of these items to measure biology teachers‘ PCK in other countries. 

Keywords: Biology teachers, pedagogical content knowledge, professional knowledge, think-aloud interviews, 

validation 

1. Introduction 

In research about professional knowledge, there is broad agreement that teachers‘ domain-specific knowledge is 

most important for high-quality instruction (Krauss, Baumert, & Blum, 2008). Furthermore, there is a consensus 

about the fact that teachers‘ pedagogical content knowledge (PCK) and content knowledge (CK) are the two 

domain-specific and therefore subject-specific knowledge categories of teachers‘ professional knowledge 

(Shulman, 1986, 1987). However, claims about the conceptualization of PCK and CK are almost always 

theoretical and only a few aspects have been examined by a limited number of research groups (e.g., 

Gess-Newsome et al., 2012; Rowan et al., 2001; Schmidt et al., 2007). Currently, CK, PCK, and pedagogical 

knowledge (PK) are considered to be the main categories of teachers‘ professional knowledge (Baumert et al., 

2010). Here, PCK is the one which describes the teachers‘ expertise in making the content comprehensible to 

students. It is often seen as the most specific type of knowledge for teachers and hence this work focuses on 

biology teachers‘ PCK. A variety of theoretical concepts about teachers‘ PCK currently exists (e.g., Baumert et 

al., 2010; Gess-Newsome, 1999; Hashweh, 2005; van Driel, Verloop, & de Vos, 1998). Until now, the main aim 

of researchers has usually been to identify the type of PCK that is necessary for high quality instruction and also 

about the way it correlates with teachers‘ performance in the classrooms (Park & Chen, 2012).  

Several attempts have been made to analyze teachers‘ PCK but mostly certifications were used as an indirect 

indicator of teachers‘ knowledge (Abell, 2007; Baumert et al., 2010). Only a few studies have measured teachers‘ 

professional knowledge directly (e.g., LMT, COACTIV, MT 21, TEDS-M). For science, especially biology, such 
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representative studies are still missing (Abell, 2007). Furthermore, there are very few studies about test 

development and validation of tests that could be used to measure biology teachers‘ PCK (e.g., Schmelzing et al., 

2013).  

Also, such studies have usually analyzed teachers‘ written answers and have not combined them with their 

thinking. Additionally, Schmelzing et al. (2013) conducted a study on one specific topic (the cardiovascular 

system). Hence, there is a need to develop a generalized test instrument which includes different topics and also 

effectively measures biology teachers‘ PCK. We have therefore developed biology-specific test instruments 

measuring teachers‘ PCK. It includes items pertaining to the topics of plants, vertebrates, and neurobiology 

(Jüttner, Boone, Park, & Neuhaus, 2013; Jüttner & Neuhaus, 2012).  

In this regard, we also need empirical evidences (in addition to teachers written answers) analyzing the different 

ways in which teachers think and their connection with real life practice in classrooms. Here, ―test validation is 

almost universally viewed as the most unsatisfactory aspect of test development‖ (Schilling & Hill, 2007, p. 70) 

as there is a consistent disjunction between theoretical validity of a test and its application in the real scenario. 

This suggests that the validation of various test instruments need to be measured and discussed.  

Thus, the proposed work focuses on a special method – ―Think-Aloud Interviews‖ to measure the validity of 

various items that were used to measure the PCK test (Jüttner & Neuhaus, 2012; Jüttner, 2013). 

Since the beginning of the 21st century, teachers‘ PCK has been measured by direct tests, prompting the need to 

investigate the validity of such tests because of their relevance to further research (Schilling & Hill, 2007). This 

paper, therefore, concentrates on the validation study of a developed and evaluated test instrument. To begin with, 

any test instrument should fulfill certain criteria so that the standardized tests possess adequate lucidity. There 

are three main test criteria: reliability, objectivity, and validity (Field, 2009). Herein, the instruments used for 

teachers‘ PCK research more often lack the validity tests (Hill, Dean, & Goffney, 2007). In 1985, the Standards 

for Educational and Psychological Testing noted that validity is ―the most important consideration in test 

evaluation‖ (American Psychological Association, 1985, p. 9). Validity is very important because it indicates 

―whether the instrument provides information of interest to test consumers and whether scores generated by the 

test assist in making good decisions‖ (Schilling & Hill, 2007, p. 70).  

In research literature, validity is categorized into content validity, criterion validity and construct validity (Field, 

2009; Wright & Stone, 1999). Kane (2001, 2004) presented a historical overview about these different concepts 

of validity including the ―toolbox‖ approach. Finally, Kane (2004) developed the argument-based approach 

based on construct validity to address difficulties concerning the gap between validity conceptualization and 

practical validation. Kane‘s approach consisted of two stages (the formative and summative stages) which might 

also be helpful for teachers PCK research concerning construct validity (cf. Schilling & Hill, 2007).  

1.1 Methods for Analyzing Validity 

In the field of teachers‘ professional knowledge, different methods have been used for validating the scores of 

the test instruments used in research studies. Measuring the construct validity (consisting of convergence and 

discriminate validity) of such scores was based on the idea that a correlation with other constructs or external 

criteria (e.g. education) could be examined. However, such construct validity test could not yield significant 

correlations in the COACTIV-study where they tried to examine the construct validity by investigating the 

correlation between teachers‘ beliefs and instruction behavior. Another method for testing the validity of test 

scores is the use of expert ratings (Carlson, 1990).  

Furthermore, the construct validity (discriminant validity) can be examined by comparing the test scores of the 

teaching profession (here, teachers) to contrasting groups of other professions (Krauss et al., 2008). This 

validation study analyzes the structural assumption (cf. Schilling & Hill, 2007; Schmelzing et al., 2013). Another 

source of evidence could be cognitive interviews which help determine whether the teachers‘ check marked 

answers fit their individual way of thinking (Hill et al., 2007). 

In this study, the developed PCK measurement instrument was validated by using all sources of evidence and 

also by conducting additional similar studies (see e.g., Jüttner, 2013; Jüttner & Neuhaus, 2012; Jüttner & 

Neuhaus, in press). The present paper highlights the use of think-aloud interviews to analyze the content validity 

of test instruments. Here, the validity is analyzed for each individual item of the instrument which is very 

different from the previous validity test where the entire test as a whole was tested for its construct validity (see 

Jüttner, 2013; Jüttner & Neuhaus, in press).  

1.2 Item Format: An aspect influencing the choice of method that could be used to measure test validity 

Especially for measuring teachers‘ PCK, much current discussion focuses on which item format might be best 
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used in standardized test instruments. More and more, studies are using open-ended questions because teachers 

have to construct their own answers instead of memorizing facts or theories (Krauss et al., 2011; Schmelzing et 

al., 2013). On the other hand, time limitation often causes the use of multiple-choice questions (Witner & Tepner, 

2010). Both open-ended and multiple-choice items have many advantages and disadvantages, which is why the 

discussion about an ideal item format measuring teachers‘ PCK with paper-and-pencil tests still continues. 

In this research work, several arguments for the use of open-ended and multiple-choice formats have been 

highlighted. First, the use of open-ended items will be discussed. Then the necessity of analysis of the test 

criteria—especially the validity of the paper-and-pencil tests will be briefly described. 

Open-ended items, for example, are able to measure all cognitive levels that might be part of a competence 

model (Neumann, Kauertz, Lau, Notarp, & Fischer, 2007; Schecker & Parchmann, 2006). Complex open-ended 

items could be constructed for analyzing the development of understanding from the answers. Spontaneous ideas 

and associations could also be measured by open-ended items. This format does not limit the respondents‘ 

answers to the given possibilities. High content validity, their time-consuming nature, and a potentially poorer 

inter-rater objectivity are characteristics of open-ended items (Schmelzing et al., 2013). The potentially low 

objectivity could be improved by developing a detailed coding manual for the answers. Especially when 

measuring teachers‘ PCK, the decision if an answer is ―right‖ or ―wrong‖ is difficult (Krauss et al., 2011). In 

science education in particular, more than one theory exists regarding how someone might act pedagogically in a 

specific situation, which is a critical point concerning open-ended items measuring PCK (Ball, Hill, & Bass, 

2005; Ma, 2000). A special way of coding might be a first step towards a solution to this problem. Until now, 

several ideas of how to code open-ended PCK items have been used: One could use empirical data (Jüttner & 

Neuhaus, 2012; Jüttner et al., 2013) or employ expert opinion while coding open-ended items (Carlson, 1990; 

Gardner & Gess-Newsome, 2011). Using experts is criticized because it is not clear who is an expert for which 

question. Often the opinions of experts are very heterogeneous, which might greatly influence the judgment of 

open-ended questions.  

Currently, multiple-choice items are often used in large-scale studies about professional knowledge of teachers 

(e.g., MT21, LMT, TEDS-M 2008). They have clear advantages which include objectivity, economical use of 

time and the reduced cost for studies (Hill, Sleep, Lewis, & Loewenberg Ball, 2008). One major criticism of 

closed-ended items is that limited and predefined responses to multiple-choice items might not reveal how 

teachers might react in the actual situations. Also, the closed-item format might not be able to test all difficulty 

levels of cognitive thinking. However, Baumert and Köller (1998) assert that both of these item formats could be 

used for testing all levels of difficulty like autonomous thinking, methodological skills, and problem-based 

understanding (p. 15). In all, such multiple-choice items are more often preferred for their time related efficiency 

and acceptance level amongst teachers (Hill et al., 2008b; Rohaan, Taconis, & Jochems, 2009) and so are the 

Likert-scales (Rowan et al., 2001). Likert-scales are often used for measuring teacher beliefs and attitudes. 

Nevertheless, if the item needs to measure the possible reaction or behavior in response to a specific situation, 

open-ended questions are a preferred format as they do not have normative ―right‖ or ―wrong‖ answers. 

Additionally, as mentioned earlier, multiple-choice answer options are not able to include all plausible and 

possible responses to pedagogical content knowledge (PCK) items (Hill, Loewenberg Ball, & Schilling, 2008; 

Hill et al., 2008b). Especially, knowledge about possible reactions could not be tested by multiple-choice items 

because the flexibility of teachers‘ reactions and their individual know-how might not be demonstrated (Baxter 

& Lederman, 1999). Finally, multiple-choice items have low validity because of their high probability of a 

correct answer choice (Hill et al., 2008a).  

Such advantages and challenges in using each item format, as described above, call for the use of a blend of 

these formats, as recommended by previous researchers (Hill et al., 2008a; Hill et al., 2008b; Hill, Schilling, & 

Ball, 2004; Krauss et al., 2011). Additionally, intentional shift from the quantitative analysis of teachers‘ 

professional knowledge to an overall conceptual understanding of teachers on one hand and intense criticism of 

both item formats used in PCK research on the other hand has caused the researcher to use an appropriate mix of 

both item formats along with an additional description to justify the chosen answer (Abell, 2007; Hill et al., 

2008a; Hill et al., 2008b; Park, Jang, & Chen, 2009).  

Here, the proposed study used the test instrument that was developed as a part of the larger ProwiN study mostly 

included open-ended items as they were used to analyze teacher flexibility and responses in a specific situation 

(Jüttner & Neuhaus, 2012; Jüttner et al., 2013). 
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1.3 Research Aim 

Due to the fact that conceptualization of teachers‘ PCK is yet not clear, this paper bases itself on a general 

assumption that the participant teachers might really need the intended knowledge type to answer PCK items 

used in the test instrument. According to Kane (2004) and Hill, Dean, and Goffney (2007), the fundamental 

assumption that must be addressed by validity test studies is the idea that a responses to any given test item 

actually reflect teachers‘ biological pedagogical content knowledge for teaching. Secondly, the present validity 

study will also address the question of whether the knowledge tested through each of the test items is actually 

relevant for teaching in real classroom situations.  

2. Method 

First, the sample size of the think-aloud interviews will be described. In the second part of this section, the 

material used for this study will be explained in detail. The idea is to provide readers with a lucid understanding 

of which of the items from the entire test instrument (Jüttner et al., 2013) were used for this particular study.  

2.1 Sample Size 

Eleven biology teachers were interviewed. They were on an average age about 42.1 years old (SD = 11.9, within 

a specific age range of 26–66 years) with average teaching experience of 14.1 years (SD = 12.6, within a specific 

range of 1–44 years). When the teachers were interviewed, they taught biology around 8.7 hours (SD = 8.3) per 

week. Six science teachers teaching biology in the United States and five German biology teachers were 

interviewed (cf. Tables 1 and 2). The names of the interviewed teachers were changed in the beginning of 

analysis. 

Table 1. Background Information on the Interviewed Science Teachers from the U.S. (N = 6) (see Jüttner, 2013) 

All in all, seven teachers teaching students in grade 5 through 12 (in Germany, the so-called Gymnasium; in the 

US: high school) and four teaching students in grade 5 through 9 (in Germany, the so-called Hauptschule; in the 

US: middle school) were interviewed (see Tables 1 and 2 ‗schooltype‘). One American teacher teaches Biology 

at the college.  

 

Table 2. Background Information on the Interviewed Biology Teachers from Germany (N = 5) (see Jüttner, 2013) 

Name  

Gender 

Sarah 

female 

Erica 

female 

Andrew 

male 

Matthew 

male 

Pete 

male 

Sue 

female 

Education Multi-disciplinary 

science 

Master‘s in 

biology 

Master of 

Biology 

Education 

Master of 

Science 

Education 

Bachelor of 

Science 

Biological 

science 

education 

School type Middle school Middle school High school College High school High school 

Biology taught 

per week [hours] 

0 0 25 6 25 20 

Biology teaching 

experience 

[years] 

11 4 17 1 44 11 

Name  

Gender 

Michael 

male 

Brigitte 

female 

Kathrin  

female 

Inga 

female 

Ingrid 

female 

Education Master of Science 

Education 

(biology, 

chemistry, sport) 

Master of Science 

Education 

(biology, 

chemistry) 

Master of Science 

Education 

(biology, 

chemistry) 

Bachelor of 

Education(history, 

German, geography, 

art) 

Bachelor of 

Education 

(mathe-matics, 

German, physics) 

School type Upper secondary 

(Gymnasium) 

Upper secondary 

(Gymnasium) 

Upper secondary 

(Gymnasium) 

Lower secondary 

(Hauptschule) 

Lower secondary 

(Hauptschule) 

Biology taught 

per week 

[hours] 

12 9 14 2 3 

Biology 

teaching 

experience 

[years] 

23 8 4 7 25 
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2.2 Material 

The PCK test consists of 24 items on biological topics: vertebrates, plants, and neurobiology (Jüttner et al., 

2013). Besides the biological topics, two more categories were used to measure PCK in the ProwiN project (see 

e.g., Jüttner et al., 2013; Tepner et al., 2012): three knowledge dimensions and three PCK-specific components. 

The knowledge dimensions were defined by psychological categories (Paris, Lipson, & Wixson, 1983): 

declarative knowledge (knowing What), procedural knowledge (knowing How), and conditional knowledge 

(knowing Why). Additionally, three PCK-specific components were defined based on the most frequently used 

PCK criteria in the literature. These components include: knowledge of students’ understanding, student errors 

(SE) and knowledge about instructional strategies (Park & Oliver, 2008). Knowledge about instructional 

strategies was divided into knowledge about models (Mo) and experiments (Exp) as such knowledge is 

considered crucial for science teachers (Jüttner et al., 2013). Items per cell (per topic, per knowledge dimension, 

and per PCK-component) were developed according to the PCK blueprint (Jüttner et al., 2013).  

As answering the entire PCK test (24 items; see Jüttner et al., 2013) takes a lot of time, only a few items were 

given to the teachers during think-aloud interviews. In addition, PCK items for various topics in biology were 

created using the same conceptual framework and thus all items measuring various knowledge dimensions 

pertaining to one same topic were given to teachers during these think-aloud interviews. The time fixed for these 

interviews was 40 minutes where 30 minutes were used for the actual item based think-aloud process and 10 

minutes for a short follow-up interview. Due to this time limitation, various teachers could answer different 

number of items from the entire test instrument used for this study (see Table 3).  

Here, according to the theoretical model , the validation study asked the biology teachers to answer items for all 

three knowledge dimensions (declarative, procedural, and conditional knowledge) as well as for different PCK 

components (knowledge about students’ understanding and errors [SE] and knowledge about instructional 

strategies concerning a special topic). According to the Core Curriculum (2006) of the American State, American 

science teachers were given PCK items dealing with the topic of plants (see Table 3) as core topic of the study (i.e. 

neurobiology) is not included in high school biology. Furthermore, items from the topic neurobiology were given 

to German teachers as this was the main topic of the videotaping phase of the second phase of ProwiN (see Table 

4). Hence, items from the main study (see Jüttner & Neuhaus, 2012; Jüttner et al., 2013) were used.  

For the American test takers, the original test items were adapted to American curriculum but the knowledge 

dimensions (conceptual framework) remained same as in the original test. 

Tables 3 and 4 summarize the items were given to teachers and also the item format used for each of these items. 

 

Table 3. Overview of Parts of the Items Developed for the PCK Test Given to U.S. Biology Teachers for 

Think-Aloud Interviews (N = 6) (see Jüttner, 2013) 

Content of item PCK components Item format 

Open-ended MC 

Situation in the biology lesson; students‘ 
misunderstanding about the body of a blossom 

Knowledge about possible reactions in a lesson 
situation with students‘ problems (SEp) 

x 

 

 

x 

 

Students‘ answer in a test about plants‘ anatomy Knowledge about possible reasons for students‘ 
problems (SEc) 

The above-described experiment should be 
varied to be more student-involved  

Knowledge about getting students more 
actively involved in experiments in school 
(Exp.p) 

x  

An experiment in school about the analysis of 
photosynthesis products is described (same 
item stem than Exp.p) 

The described experiment should be judged by 
the use of five different aspects (Likert scale) 
(Exp.c) 

 x 

Learning about the structure of the blossom by 
use of a plastic model in a biology lesson 

Dis-/advantages of the use of the model (Mo.d) x  

Learning about the structure of the blossom by 
use of a plastic model in contrast to a real 
blossom (model vs. original object) 

Criticism of the model in lessons (Mo.p) x  

Note. The different items were created according to the theoretical model of the project ProwiN. The items dealt with the 

topic of plants, the knowledge dimensions (declarative, procedural, and conditional), and the PCK components SE, 

Experiments and Models. The grey written items were only given to teachers who had time left after answering the items 

before. 
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The items were developed in the biological part of the ProwiN-study (Jüttner & Neuhaus, 2012; Jüttner et al., 

2013). The two last items (Mo.d; Mo.p) were used as backup items. Not all of the teachers answered these items 

due to the time limitation.  

 

Table 4. Overview of Parts of the Items Developed for the PCK Test Given to German Biology Teachers for 

Think-Aloud Interviews (N = 5) (see Jüttner, 2013) 

Content of Item PCK component Item format 

Open-ended MC 

Answers of students to an achievement test about the 
knee-jerk used to show students‘ problems in 
understanding  

Knowledge about how often such mistakes 
might arise in or after lessons (SEd)  x 

 

Situation in the biology lesson; students‘ 
misunderstanding about the knee-jerk in a written test 

Knowledge about possible reactions in a lesson 
situation with students‘ problems (SEp) 

x 
 

Students‘ answer in a test about knee-jerk Knowledge about possible reasons for students‘ 
problems (SEc)  

x 
 

Model of the human nervous system  Dis-/advantages of the use of the model (Mo.d) x  

Model of the human nervous system vs. the real human 
nervous system 

Criticism on the model in lessons (Mo.p) 
x 

 

Different experiments about the topic of the ear  To know different possible school experiments 
for a given topic (Exp.d) 

x 

Variation of the experiment on sound localization Knowledge about how experiments could be 
changed to be more student-activating (Exp.p) 

x 
 

Evaluation of a given experiment on sound localization Rating 5 statements about the given experiment 
(Exp.c) 

 x 

Note. The different items were created according to the theoretical model of the ProwiN project (Tepner et al., 2012). The 
items deal with the topic of neurobiology, the knowledge dimensions (declarative, procedural, and conditional), and the PCK 
components SE, Mo, and Exp. 

 

2.2 Implementation of the Study 

Think-aloud interviews were used to test content validity of newly-developed test instruments that are intended 

to measure biology teachers‘ PCK. Hill, Dean, and Goffney (2007) wrote that think-aloud interviews might be 

very useful during the development process of items (for an instrument). The teachers‘ thoughts and views about 

these items could indicate the scope for modification and also specific reasons for certain strange answers during 

observed during the written tests. Due to the same reason expert interviews with German Biology teachers were 

used during the development process of the test instrument for this study. Secondly, think-aloud interviews, 

allow for inferences about how teachers think with regard to certain situations and also why they answer the way 

they do (cf. Hamilton, Nussbaum, & Snow, 1997). 

So far, this has been the only method proposed to understand whether the item constructed really calls for a 

teachers‘ PCK knowledge. It is the only method that allows the study of numerous cognitive processes that are 

involved in answering written open-ended questions. This was our key motivation for trying this method to study 

the validity of the proposed test instrument. The content validity test was conducted in spring 2011, where the 

whole test instrument was given to teachers as a part of the main study (see Jüttner et al., 2013). Also, 

considering the time constraints, a part of this instrument was also used for think-aloud validation test. Hence, as 

described earlier, the similar conceptual framework of items developed for each of the topics included in the test 

instrument (see Jüttner et al., 2013) allowed for a scope to choose specific topics (for think-aloud interviews) for 

each of the two samples (for teachers from America and Germany - see Tables 3 and 4). In addition, construct 

validity of the whole PCK instrument was also analyzed using Wright Maps (Wright & Stone, 1999) during the 

main study (see Jüttner et al., 2013) and in an additional study that compared this group with other experts such 

as biologists and pedagogues (Jüttner & Neuhaus, in press).  

The think-aloud interviews took place in U.S. in January 2011 and in Germany in March 2011. The first part of 

this study was ‗think-aloud interviews‘ where a simultaneous method was used: teachers had to answer an item 

by writing down their answer and by thinking aloud (Aitken & Mardegan, 2000; Ericsson, 2006; Leighton, 2009). 

After the think-aloud interviews, the teachers answered four follow-up questions about these items. These 

follow-up questions focused on the quality of items i.e. whether any of the items were confusing in their 

expression and also how far the situations used in these questions were realistic. Such questions help understand 
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whether teacher responses in interview are representative of how they might respond in actual classroom 

scenario. All in all, the interviews never exceeded 40 minutes. 

The interview started with a short warm-up section in which ‗thinking aloud‘ was briefly explained to participating 

teachers. The aim of this study was also described. The first page of this test requested teachers to provide 

information about their background. This phase was used as a practice for the ‗think-aloud‘ interview process as 

such answers do not expect any cognitive activation from teachers. Also, during the whole think-aloud interview, 

the interviewer gave instructions, whenever some teacher forgot to say what they are thinking in that moment. In 

the five follow-up questions, the teachers were asked questions about the face validity of items answered.  

2.3 Empirical Analysis  

The think-aloud interviews were taped, transcribed verbally and analyzed for their content. Also, a theoretical 

model similar to the one used for item development was used for creating a coding manual and hence 

categorizing teachers‘ answers and thoughts. For e.g. to identify how often did teachers think about declarative 

CK while answering a question about possible reasons for students errors (conditional PCK, knowledge about 

students’ understanding) (Van Someren, Barnard, & Sandberg, 1994). This allowed for direct comparison of the 

coded protocol and theoretical model underlying the item development (Van Someren, Barnard, & Sandberg, 

1994). Two independent raters coded all teachers‘ interview transcripts (N = 11) as per the coding manual. The 

second coding was used for calculation of inter-rater reliability (ICC) and thus ensuring the objectivity of 

method used. Both raters coded each of the transcripts.  

Here, due to the fact that theoretical model behind the item development process was already described in 

another paper (Jüttner & Neuhaus, 2012; Jüttner et al., 2013; Tepner et al., 2012), this model will not be 

described here in detail again. Furthermore, more about data collection of the main study and more information 

about the quality of the developed measurement instruments are provided there as well. 

In the next section, short fragments of a verbatim protocol will be presented to make the coding process more clear.  

2.4 Verbatim Protocol—Coding Scheme 

The following short excerpt of the actual interview is provided to illustrate the way a think-aloud interview worked 

and also the way it was used to analyze different knowledge types used by a teacher while answering PCK items. 

 

Here, teacher had to answer a question about possible reactions when a student error arose in a sixth-grade 

classroom, while a teacher was presenting a lesson on the process of pollination. This error arose during the 

beginning of this particular lesson on pollination where a teacher asked a student to review previous day‘s lesson 

about various parts of a cherry blossom. The student, while naming the male and female parts, used the terms 

‗pollen sac‘ in his or her description of the female rather than the male part of this plant. The teacher being tested 

had to describe various ways in which this teacher could respond. The following sentences (Figure 1) show what 

Sue thought while answering this item about procedural knowledge about students‘ errors (see Table 3). 

Figure 1: Extraction out of the think-aloud protocol from a biology teacher from the United States (Sue). 

For this excerpt from Sue‘s think-aloud interview, the coder first read the passage. Then the coding manual was 

used to identify what knowledge type was used in each of her utterances to be able to successfully answer the 

question with regard to the situation given to her.  

As can be seen in lines 2, 5–8, and 10–11, she talked or thought about how she would handle this situation. 

These different thoughts were coded singularly. In lines 11–12, she guessed that the word ―sac‖ might be 
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misleading students. This was coded as knowledge about possible reasons for the student‘s error (conditional 

knowledge about students‘ errors). For the final calculation, one table was generated for each teacher where their 

uttered lines are noted with a special code.  

In the end, the frequency at which a knowledge type was used by each of the teachers, while answering a given 

item, was counted. The mean (M) and the standard deviation (SD) of all the U.S. biology teachers‘ used PCK 

components and the mean of all German biology teachers‘ used PCK components were calculated and are 

summarized in tables (see Results section). 

For an overview of how the different categories were coded, Table 5 summarizes the PCK categories and the 

conditions when they were coded. This coding scheme was based on the theoretical background model (see Jüttner 

et al., 2013). The coding manual for PCK was also developed based on the theoretical model for CK, as teachers in 

these interviews were often talking about the content while using their pedagogical content way of thinking.  

 

Table 5. Overview of PCK Categories for Coding the Interview Transcripts. Bolded acronyms such as SEd used 

in results for the different knowledge types. 

 

 

 

Declarative knowledge 

 

Procedural knowledge 

 

Conditional knowledge 

 
Students’ 
understanding 

Knowledge about if and how 
often a given student‘s error 
could arise 
 
E.g., ―This error arises often 
in the lessons about …‖ 
 
Not coded here: 
―This is a mistake.‖ 
 
 
SEd 

Knowledge about how you 
could react in a special 
situation that confronts you 
with students‘ errors 
 
This includes reasons as well 
as intentions that lead to the 
reaction/enactment. 
 
 
 
SEp 

Knowledge about possible 
reasons for students‘ errors 
that might come up in lessons 
(coherence of reasons and 
acting of s.) 
 
Hypothetical statements about 
possible reasons out of lesson 
material—which is not 
available at the moment—are 
coded here as well. 
SEc 

Models Listed advantages and 
disadvantages of the shown 
model 
 
 
 
 
 
 
Mo.d  

Knowledge about when and 
how to act with the model in 
classroom situation; this 
includes knowledge about the 
framework of the usage as 
well as about how the model 
could be used. 
 
 
Mo.p 

Knowledge about possible 
student misunderstandings 
and/or errors coming up by 
using this model 
 
Important: Advantages and 
disadvantages must be strictly 
separated here. 
 
Mo.c 

Experiments Knowledge about numerous 
experiments dealing with one 
topic; factual knowledge 
about an experiment  
 
Exp.d  

Knowledge of many ways of 
changing an experiment to 
become as student-active as 
possible 
 
Exp.p 

Assessing of a described 
situation dealing with typical 
experiments used in biology 
lessons 
 
Exp.c 

Furthermore, as think-aloud interviews were conducted to test whether the constructed items (in ProwiN) really 

measured respective knowledge categories, categories used for the item development will be presented in the 

results as well. 

 

3. Results 

The results are divided into three sections. In the first part, the results concerning the PCK items developed about 

the topic plants will be discussed, while in the second part the results concerning the neurobiology items will be 

presented. Thirdly, the inter-rater reliability for the objectivity of coding these topics will be reported. The 

outcomes of the study concerning content validity are presented (in tables below) as mean of the frequencies of 

each teacher knowledge type used to while answering the items in think-aloud interviews.  

In Table 6, the content validity of each of the PCK items for the topic plants is shown as means of the 

frequencies of each knowledge type used while answering these questions. 

 

Knowledge 

Components 
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Table 6. Results of the Coding of the Think-Aloud Interviews in the U.S. on the Topic of Plants (N = 6); Mean 

and (Standard deviation) are presented in % (see Jüttner, 2013) 

Item N PCK about SE PCK about Exp. PCK about Mo. dCK  diSECK 

 SEd SEp SEc Exp.d Exp.p Exp.c Mo.d Mo.p Mo.c 

SEp 6  88.8 

(12.5) 

6.5 

(6.5) 

      14   

(0) 

 

SEc 

 

6 19.5 

(5.5) 

29 

(0) 

82 

(18.8) 

       40 

(0) 

Exp.p 

 

5    50 

(0) 

70 

(24.5) 

50 

(0) 

     

Exp.c 

 

6      100 

(0) 

     

Mo.d 

 

3       85.3  

(20.7) 

22  

(0) 

22  

(0) 

  

Mo.p 3       50  

(0) 

83.3 

(23.6) 

   

Note. The empirical values compared to the intended PCK components of the items are marked in grey. dCK is declarative 

content knowledge; diSE means diagnosis of SE. 

Table 6 shows that the intended PCK components (grey boxes) were used for more than 70% of all the answers 

of the interviewed teachers. Here, participating teachers were asked to answer the interview items in 30 minutes 

but some of them needed more time and hence did not answer all items (for example, the item about models). 

For item SEp where teachers had to think about possible reasons for student‘s errors, the intended procedural 

PCK about students‘ understanding was used by the six teachers in 88.8% (SD = 12.5) of their answers. For this 

item, teachers also used conditional PCK about students‘ understanding (M = 26.5%; SD = 6.5) and declarative 

CK (M = 14.0%; SD = 0).  

For the topic of neurobiology, five biology teachers also used more than 63% of the intended knowledge when 

answering the items (see Table 7). Sometimes, as can be seen with the SEp item, one teacher talked a lot about 

almost everything he or she knew about students‘ problems in understanding facts; therefore, the conditional 

PCK about students‘ understanding was 100% (but only for one person) (SD = 0). 

Table 7. Results of the Coding of the Think-Aloud Interviews in Germany on the Topic of Neurobiology (N = 5); 

Mean and (Standard deviation) are presented in % (see Jüttner & Neuhaus, 2012; Jüttner, 2013) 

Item N PCK about SE  PCK about Exp. PCK about Mo. dCK  diSE.CK 

SEd SEp SEc Exp.d Exp.p Exp.c Mo.d Mo.p Mo.c 

SEd  5 63 

(22) 

 41.3  

(10.2) 

       20  

(0) 

SEp 

 

5 50  

(0) 

71 

(21.7) 

100  

(0) 

      33.3  

(16.7) 

 

SEc 

 

5 33  

(0) 

 90.1 

(13.2) 

      16.7  

(0) 

 

Exp.d 

 

5     100 

(0) 

       

Exp.p 5    100 

(0) 
 

71.3  

(6.1) 

28.7  

(6.1) 

   25  

(0) 

 

Exp.c 5      87.5  

(21.7) 

   50  

(0) 

 

Mo.d  5       100  

(0) 

    

Mo.p 5       70  

(21.6) 

66.3 

(34.2) 

   

Note. The empirical values compared to the intended PCK components of the items are marked in grey. dCK is declarative 

content knowledge; diSE means diagnosis of SE. 

The inter-rater reliability of the two independent raters for coding of think-aloud interview transcripts was found 

to be significantly high (ICCunjust = .98; F 468,468 = 54.2; p < .001).  

4. Discussion 

The results of think-aloud interviews (tried on 11 biology teachers of two different countries) show that test 

items could most of the time draw intended knowledge type from participant teachers. This indicates that items 

in this test have adequate content validity to test the PCK of biology teachers. 
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Furthermore, analysis of curricula in the different federal states of Germany and U. S. was also conducted to 

ensure content validity for items used in think-aloud interviews. Additionally, 30 German biology teachers were 

asked to identify the most important topics from their curriculum which helped us in choosing the topics for item 

development (Jüttner, Spangler, & Neuhaus, 2009). In all, items pertaining to topics which were relevant to their 

curriculum and teaching also help ensure the content validity of the developed PCK test. 

It is remarkable that the think-aloud interviews worked well both in Germany and the U.S. even while the items 

were developed originally for German biology teachers. Furthermore, the interviews were conducted in two 

different countries with different cultural background using two distinct languages; teachers in each of these 

countries could use the intended knowledge type to answer the questions about PCK. This result validates the 

first statement regarding the replication of these items for educational systems in other countries where relevant 

topic related items could be developed based on the proposed conceptual framework.  

Here, it is noteworthy to know that teachers in the U.S. have very different cultural and educational backgrounds 

than Germany. But all in all, more than 60% of the intended knowledge type was used by all the teachers to 

answer these test items.   

This might be initial evidence that the idea behind item development could be generalized and adapted for PCK 

item development in different countries. Moreover, for every change in the item in this instrument, a validation 

study must be conducted. The other test criteria must also be rechecked because of the changes (Schilling, 2007). 

The translation-replication of the items needs to adopt cultural characteristics of respective countries and perhaps 

alternative descriptions of classroom situations (Blömeke, König, Kaiser, & Suhl, 2010).  

In particular, the items about students‘ errors might need special attention because the question about how often a 

student‘s error might arise in classroom situations is based on empirical data of German students (see Jüttner & 

Neuhaus, 2012). Thus, giving such test items to students in the U.S. might produce very different results. 

Additionally, the Core Curriculum in the U.S. did not include neurobiology and thus interviews in these 

countries dealt with different topics. This limits a potential generalizability. Also, due to time constraints, it was 

difficult to give more and different items to participating teachers.  

Moreover, in Germany, the neurobiology topic was the focus of a second study concerning the relationship 

between the results of teachers‘ knowledge tests and their actual actions in (videotaped) lessons. Thus in future, 

the influence of use of various topics to develop items based on the proposed conceptual framework (Jüttner et 

al., 2013) should be investigated further with respect to the culture and curricula of the countries in question.  

Furthermore, the results of the think-aloud interviews show that the development of PCK items that try to test 

special knowledge types according to a theoretical model (see Jüttner & Neuhaus, 2012; Jüttner et al., 2013) is 

possible only in a certain way. For almost all the items, teachers used more than 60% of the intended knowledge 

but they also needed other knowledge types as well. Such results demonstrate in a qualitative way that PCK and 

CK might be dependent on each other.  

The follow-up questions after the think-aloud interviews were able to demonstrate face validity of this 

instrument. Here, for example, question about how far teachers‘ answers are able to demonstrate how they might 

or want to act in real-life classroom situations could be reaffirmed by their assertions like Sue said, ―My answers 

represent what I strive to do‖. Moreover, each of the 11 participating teachers from both the countries suggested 

that the questions being very relevant to the teaching practice and real-life situations, the answers given by them 

might only demonstrate how they actually want to perform in real classroom scenarios. They speculated that any 

changes in their proposed action would depend on the way situations arise in the real-life. Thus theoretically, 

these items are able to demonstrate how teachers think about solving problems arising in lessons in general. This 

could be seen as one aspect of face validity, which is not described here in further detail as its criteria are very 

subjective (Krauss et al., 2011).  

All in all, the results of the coded think-aloud interviews as well as their answers to the follow-up questions 

(about the item formats used) show that the presented test excerpt used a balanced mix of each of the item 

formats (see Tables 3 and 4). Here, teachers underlined this theory by pointing their views as (e.g. Sue pointed 

out directly: ―I think it‘s a good mix.‖). According to the results of the think-aloud coding (see Tables 6, 7, and 8), 

all the different item formats were able to measure specific types of PCK with different knowledge dimensions 

(declarative, procedural, and conditional). 

In summary, the method of think-aloud interviews could be used for content validation. The analysis of content 

validity of a newly developed test instrument for measuring different knowledge types especially needs a method 

that allows the acquisition of further information about their thinking process. The teachers‘ thoughts in the 

interviews compared to their written answers might also help to provide further idea about what might be 

difficult to write down even though it exists in their minds. For such a concrete analysis, fewer teachers were 
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interviewed. Finally, combination of teachers‘ written results of the whole test with their actions in lessons (video 

study) will help gather further information about the relation between knowledge (written) and action. 
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