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Development of Items
for a Pedagogical Content Knowledge-Test

Based on Empirical Analysis of Pupils’ Errors

Abstract

In view of the lack of instruments for measuring biology teachers’ pedagogical content
knowledge (PCK), this article reports on a study about the development of PCK-items for
measuring teachers’ knowledge of pupils’ errors and ways for dealing with them. This study
investigated ninth and tenth grade German pupils’ (n =461) drawings in an achievement test
about the knee-jerk in biology, which were analysed by using the inductive qualitative analysis of
their content. The empirical data were used for the development of the items in the PCK-test. The
validation of the items was determined with think-aloud interviews of German secondary school
teachers (n =5). If the item was determined, the reliability was tested by the results of German
secondary school biology teachers (n =65) who took the PCK-test. The results indicated that
these items are satisfactorily reliable (Cronbach alpha values ranged from .60 to .65). We suggest
a larger sample size and American biology teachers be used in our further studies. The findings of
this study about teachers’ professional knowledge from the PCK-test could provide new
information about the influence of teachers’ knowledge on their pupils’ understanding of biology

and their possible errors in learning biology.
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Introduction

Decades ago, Shulman (1986; 1987) originally defined the professional knowledge of teachers by
using several categories. Since then, many research groups have tried to operationalise teachers’
professional knowledge (Abell, 2007; Baumert et al., 2010; Park & Oliver, 2008) for the
development of measurement instruments. Even now, teachers’ professional knowledge,
especially the pedagogical content knowledge (PCK), is not easy to define and measure. This
article presents a study to develop an instrument for measuring PCK on the basis of empirically
analysed pupils’ errors. The three steps of the development in this project will be described: (1)
analysis and categorisation of the pupils’ answers to an achievement test; (2) development of
PCK-items according to knowledge about pupils’ errors based on the results of step one and
determination of the validity of the items; and (3) analysis of the reliability and objectivity of the

developed PCK-test.

Theoretical Background

Professional Knowledge of Science Teachers

In 1987, Shulman proposed seven categories of teachers’ professional knowledge. Numerous
researchers in the field of science education still use this work to organise research efforts or to
design and carry out research studies (e.g., Baumert et al., 2010; Hashweh, 2005; Hill, Ball, &
Schilling, 2008; Lee & Luft, 2008; Loughran, Mulhall, & Berry, 2008; Park, Jang, & Chen, 2010;
Schmidt et al., 2007; Tatto et al., 2007; van Driel, Beijaard, & Verloop, 2001). For example,
Baumert et al. (2010) helped organise their evaluation of teachers’ professional knowledge by

using three categories: pedagogical content knowledge (PCK), content knowledge (CK) and
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pedagogical knowledge (PK). Over the past decade, many research projects have used these three
main categories of teachers’ professional knowledge to provide a theoretical background. Unlike
most of the current studies on mathematics teachers (e.g., Abell, 2007; Baumert et al., 2010; Hill
& Ball, 2004; Lipowsky, 2006; Park & Oliver, 2008; Schmidt et al., 2007), the project ProwiN
(the German acronym for Professional Knowledge in Science) (Fischer, Borowski, & Tepner, in
press) is a first step to close the gap in research about teachers’ professional knowledge in science
education (Abell, 2007). Three cooperating German Universities analysed the PCK, the CK and
the PK of science teachers based on a theoretical model (Tepner et al., submitted) and the results
of researchers-developed test instruments. The study presented here is part of the project ProwiN

with a focus on one category of the professional knowledge—the PCK of biology teachers.

Theoretical Conceptualisations of the Pedagogical Content Knowledge (PCK)

Most studies on PCK focus on one of the following PCK components: “knowledge about pupils’
understanding”, “curricular knowledge”, ‘“knowledge about instructional strategies and
representation” (cf. Kind, 2009; Magnusson, Krajcik, & Borko, 1999; Park & Oliver, 2008; van
Driel, Verloop, & de Vos, 1998). Illustrated here is the development of an instrument for
measuring biology teachers’ PCK with a special focus on one PCK component—the pupils’
errors and their understanding of biology. Of special interest to this study is the MT21-study
(Schmidet et al., 2007) which analysed two sub-competencies of mathematic teachers’ diagnostic
competency: recognition of pupils’ misconceptions and criteria-guided assessment of pupils’

solutions to problems (Schwarz, Wissmach, & Kaiser, 2008).
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The PCK in this study (part of the project ProwiN) was generally defined according to Shulman
(1986) as knowledge of structuring and describing the teaching of the content that would be
necessary for preparing the subject matter so that it is comprehensible for pupils (Fischer,
Borowski, & Tepner, in press). The most often used PCK components in the literature—
knowledge about pupils’ understanding, instructional strategies and representations (Park &
Oliver, 2008; Schmelzing et al., 2010)—were chosen for the PCK-model of the project (Tepner et

al., sub.).

The knowledge about pupils’ understanding will be highlighted. This PCK component is defined
throughout pupils’ errors as well as the knowledge about the thinking of the pupils in solving
problems. In addition to the three PCK components of the project (pupils’ errors, models and
experiments), three knowledge dimensions were defined: declarative, procedural and conditional
knowledge (Alexander, Schallert, & Hare, 1991; de Jong & Ferguson-Hessler, 1996; Paris,
Lipson, & Wixson, 1983). These knowledge dimensions form the required cognitive aspect of
teachers’ professional knowledge—here the PCK conceptualisation (Hill, Ball, & Schilling,
2008). Moreover three different biology topics that teachers have to know about—neurobiology,
plants and vertebrates—were selected from the curriculum of German schools for the
development of the PCK-items. In this article, we use the human reflex arc to demonstrate the
idea of developing PCK-items concerning “pupils’ errors” and the three different knowledge

dimensions (declarative, procedural and conditional).

Pupils’ Errors
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In science education, there are many definitions of different terms which have been used for
describing pupils’ knowledge (Taber, 2009). Sometimes, some terms could be used
synonymously and sometimes one and the same term is discussed in different ways. Table 1
shows an overview of the exemplary literature on some of the accepted terms about pupils’
knowledge in science that were categorised and combined into two different groups for defining

“pupils’ errors” in our study.

[Insert Table_1 about here]

Conceptions and prior knowledge. In the literature about pupils’ scientifically incorrect
conceptions, two main aspects have become apparent—pupils can bring their ideas with them to
the classroom from their everyday life or they can develop their ideas during the lesson and/or
because of the topic being taught in the lesson. Accordingly, the terms can be classified into two
groups. (1) Conceptions—defined as a way of pupils’ thinking which they established on their
own depending on their experience in everyday life but not consistent with teachers’ and
scientists’ ideas—have often been called misconceptions, preconceptions, alternative
conceptions, alternative frameworks or children’s science (Treagust, 1988). (2) Prior knowledge
(Allen, 2005)—described as knowledge before pupils learn something about a topic—has been
studied since the 1970s. Knowledge is used as a tightly-defined term and idea, belief, as well as
concept are sometimes used as synonyms (Taber, 2009). But knowledge differs from
conceptions, because knowledge of pupils can be described as a set of conceptions.

Pupils’ errors. Concurrent to studies on “conceptions or misconceptions”, research in
pedagogical psychology explores “pupils’ errors” (Oser, Hascher, & Spychiger, 1999; Seifried &

Wuttke, 2010; Spychiger, 2008). Pupils’ errors are the out coming signals of their difficulties or
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misunderstandings in lessons. The “errors” are different from the “misconceptions”, because
misconceptions could be defined as scientifically incorrect knowledge about something which
can and should influence pupils’ conceptual learning in the lesson (Tanner & Allen, 2005). The
meaning between neutral and non-neutral terms can be distinguished, for example, “error” or
“knowledge” (Taber, 2009), which indicates the possibility of saying if something is wrong or
right according to the current scientific research on the topic. But there are problems within the
definition as well—what is wrong and what is right in science (Cokelez, Dumon, & Taber,
2008)? Using these non-neutral—often negatively understood—terms, researchers have to define
them clearly for the terms not being misunderstood (Oser, Hascher, & Spychiger, 1999). On the
contrary, a neutral term will be, for example, “children’s ideas” and “alternative conceptions”

(Taber, 2009), which are defined more openly to include most ideas of pupils.

In this study, the term “errors” was used because we were interested in errors of the ninth and
tenth grade pupils after their learning process in biology in the ninth grade. The focus was on
errors of pupils because these errors could be seen as an indicator of the effectiveness of
instruction (Seidel & Shavelson, 2007). Pupils’ errors are an important component of teachers’
PCK on how to handle errors and to examine what might be the reasons for such errors (Baumert

et al., 2010; Hill, Rowan, & Loewenberg Ball, 2005; Lipowsky, 2006; Seifried, & Wuttke, 2010).

Aims
Based on the theoretical background, the following were the research questions and aims of our
study:

(1) What are the typical pupils’ errors about the reflex arc of the knee-jerk?
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(2) How can items for a PCK-test be developed on the basis of the identified pupils’ errors to
measure teachers’ PCK of pupils’ errors and ways for dealing with them?

(3) Are these PCK-items reliable and valid for assessing the PCK of pupils’ errors?

Method
The three parts of the study described here are: pupils’ errors analysis, development of the PCK-

items as well as the qualitative validation and quantitative analysis of the developed PCK-items.

Participants

An achievement test was given to 461 ninth- and tenth-grade pupils in secondary schools in
Germany—204 male pupils (42.7%) and 249 female pupils (52.1%) (25 pupils without gender
information) with an average age of M = 15.14 years (33 pupils without age information). All the
pupils who took the achievement test (about the reflex arc) had learned about the topic before the

test in their ninth grade.

The results of this achievement test were used to develop PCK-items about pupils’ errors. To
determine the content validity of these items, five German biology teachers—three teachers are
teaching at the higher secondary school and two at the general-education secondary school—
were interviewed. They had an average age of 43.8 years and an average teaching experience in
biology of 13.40 years. Additionally, all the developed items concerning three different biology
topics and the PCK about pupils’ errors were piloted with a larger sample of 65 biology teachers.
They had an average age of 39.54 years and an average teaching experience of 10.50 years (not

including the two years of practicum during the apprenticeship to become a teacher). All the
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participating teachers—58.5% female and 41.5% male biology teachers from six different federal
states of Germany—answered the PCK-test. Of these participating biology teachers, 72.3%
taught at the higher secondary schools and 27.7% taught at the general-education secondary

schools.

Achievement Test

In one item of the pupils’ achievement test, the pupils had to mark on a drawing of a given
human body, the pathway of the impulse that travels during a knee-jerk—the idea was based on
Hammann (2003). The pupils had about five minutes for this item (Figure 1). The expected
answer of the pupils would be the pathway of an impulse starting at the quadriceps muscle,
travelling to and through the white and gray matter of the spinal cord, and ending in the muscle
again. The pathway from the muscle to the gray matter is the sensory neuron and the pathway

back to the muscle is the motor neuron, which should be labelled as afferent and efferent nerves.

[Insert fig_1 about here]

Development of the PCK-items

Based on the empirically identified and counted error categories of the pupils’ answers to the
presented item (see Figure 1), PCK-items for biology teachers were developed in three different
knowledge dimensions: declarative knowledge, procedural knowledge and conditional

knowledge.

Figure 2 shows an example of three items—about the biological topic “reflex arc”—as part of the

PCK-test for analysing pupils’ errors with respect to the three different knowledge dimensions:
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Item a) on declarative knowledge; Item b) on conditional knowledge; and Item c) on procedural
knowledge. The most frequently counted pupils’ errors category (i.e., category 1 in the results of

this study, see Table 2) was used for the development of this item.

[Insert fig_2 about here]

At the beginning of the three items (a, b, ¢), the teachers got pedagogical background information
(Baxter & Ledermann, 1999) about the pupils: their grade, the point in time of their achievement
test and about how the test looked like. To develop PCK-items which are almost independent of
the CK, the pupils’ errors were written explicitly next to the drawing. Because some of the
pupils’ errors can be caused by materials given to them in the lesson, this is one aspect asked by
Item 1b). Major aspects of teachers’ PCK include not only the knowledge about possible reasons
for pupils’ errors but also the knowledge about pupils’ upcoming errors and the use of these for
planning future lessons or knowing how someone might react in special error situations (Seifried
& Wauttke, 2010). These aspects are illustrated by the first (Item a) and the third item (Item c), in
Figure 2. The idea of the item development is theoretically based on the empirical result that the
combination of high diagnostic competency, high teachers’ judgement accuracy and high
frequency of instructional strategies forms the key for improving instructional quality and

therefore pupils’ learning outcomes (Helmke & Schrader, 1987).

The coding manual to rate the PCK-items was written on the basis of the literature in science

education, the empirically identified error categories and additional results of schoolbook

analysis. The answers of the teachers to Item a) were coded according to the empirical results of
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the first part of the study by the use of partial credits for exactly correct answers (1), correctly
given frequencies in the interval of £ 10% of the correct answer (0.5) and other answers (0).

For coding of answers to Item b), the number of meaningful named reasons was counted. Results
of the document analysis (schoolbooks; school material) as well as literature (Schumacher, 2008;
Seifried & Wuttke, 2010) formed the basis of this coding manual. The idea behind this item was
that the more meaningful reasons the teachers name, the more the teachers might be able to
consider pupils’ errors in lesson planning. This coding manual was developed concerning the
qualitative document analysis (schoolbooks; lesson materials; everyday life material like
advertisements). Of course, if a teacher did not name a meaningful reason in the list of examples
of reasons in the coding manual, this was counted with one point as well.

The possible reactions of teachers to pupils’ errors in the described situation in the biology
lessons (Item c¢) were coded with one point per each named reaction. Therefore, the listed
possible reactions of the teachers are summarised in four main categories based on theoretical
background: (1) error is used as orientation for further lessons; (2) error is used for other pupils
so that they could learn from others errors’ (analysis of errors); (3) error corrected by the pupil
her-/himself so that she/he can learn from her/his errors; and (4) teachers being flexible and
describe the misunderstood topic another way around during the lesson (Jiittner & Neuhaus,

2010; Caspary, 2008; Oser & Spychiger, 2005; Taber, 2009).

All the items concerning “neurobiology” and all PCK components (pupils’ errors, models,
experiments) were validated in an additional study. Similar items concerning the other biology
topics (plants and vertebrates) were piloted. For the component “pupils’ errors” there are always
three PCK-items per topic according to the knowledge dimensions. Additionally, for the PCK

component “model”, always one item per topic—about the reasons of pupils’ errors related to the
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model and its use—could be added to the PCK-items about pupils’ errors. So all in all, 12 PCK-

items concerning the knowledge about pupils’ errors were created.

Data Analysis Methods

The categories of the pupils’ errors were identified using the inductive qualitative analysis of
content for 10% of the pupils’ answers (Hsieh & Shannon, 2005; Mayring, 2000). The
inductively generated categories were described in the coding manual with which multiple
counting was possible. After the coding of pupils’ answers to the shown item by two independent
raters, the relative frequency for each category was computed by using the statistical software
SPSS 19.0.0 (2011). To analyse the interrater reliability for 10% of the sample (n = 46) the AC1
statistic (Gwet, 2002; 2008) was calculated in addition to the commonly used Cohen’s kappa
value (Landis & Koch, 1977; Shoukri, 2004). This was caused by the paradoxical kappa values
because of the seldom coded categories (Gwet, 2002). Additionally, ten typical German
schoolbooks were analysed to identify information about possible reasons for the categorised

pupils’ errors.

The content validity of the developed PCK-items had been addressed throughout the process of
the development—the empirical data about pupils’ errors were used for the creation of the items
of the same biological topic. On the other hand, congruent think-aloud interviews were used
which implicates that the teachers had to communicate aloud their thoughts and simultaneously
write them down on the paper-and-pencil test (Ericsson & Simon, 1993; Leighton, 2009). After
the verbatim transcription of the interviews, the two independent raters coded the interview

transcripts by using a developed coding manual based on the theoretical model (Tepner et al.,
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sub.) underlying the items. Therefore, the intraclass correlation coefficient (ICC) of the two

independent raters was calculated (Field, 2009; Shrout & Fleiss, 1970).

The reliability of the PCK-test was analysed by using the Cronbach’s alpha coefficient (Field,
2009). The objectivity was tested by using the intraclass correlation coefficient (ICC) concerning

the coding of teachers’ answers to the open-ended PCK-test items (Field, 2009).

Results

Categories of Pupils’ Errors (based on pupils’ drawings about the reflex arc)

Seven main categories of pupils’ errors were identified and counted in the pupils’ (n = 461)
answers. Table 2 shows an overview of the frequencies of the seven categories. Some of the most
often identified error categories are discussed with the following three examples of pupils’

answers (see Figures 3, 4 and 5).

[Insert Table_2 about here]

[Insert fig_3 about here]

Figure 3 shows an example of a pupils’ answer for four different categories of errors. The most
frequent category 1—the drawn impulse reaches the brain (63%)—was identified in this
example. Additionally, two aspects of the second category were identified: beginning and/or
ending of the nerve fibres are not located at the muscle, but at bones (42%); and beginning

and/or ending of the nerve fibres are not located at the muscle, but in the heel or at the tibia
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(14%). Also this example could be used to illustrate the fourth category: the clearing up centre of
the nerves is located in the brain (26%). The final category identified in this example was
category 5: nerves are located in the body (stomach) and not in the spinal cord (17%). In the
drawing, a dot was used by the pupil to represent the change-over point of the pathway in the

brain.

[Insert fig_4 about here]

In contrast to the example in Figure 3, the most frequently identified category 1 was not found in
the pupil’s answer in Figure 4. In the drawing, the pupil did not connect the brain to the reflex arc
of the knee-jerk. Here, category 2b was identified: beginning and/or ending of the nerve fibres
are not located at the muscle, but at bones (42%). Moreover, there was no direct connection
between the two nerve fibres so that the reflex arc is not closed, that is an example for category 6

(15%).

[Insert fig_5 about here]

To show examples for every category of pupils’ errors, here is the final sample of another pupil’s
answer (see Figure 5), where the remaining categories of errors were identified. First of all, the
most frequent category 1 was identified. Furthermore, the starting- and ending-point of the nerve
fibres is in the front of the patella (category 2a; 47%) as well as category 3: only one way for the
impulse illustrated by one single nerve (34%) were identified. At last, the least frequent category
7 could be identified: nerves are not named according to their function, but to their absolute

location (brain = afferent nerve; muscle = efferent nerve) (7%).
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For the interrater reliability of this coding, the Cohen’s kappa (k) for all the categories was .67
(p <.001, n = 462 categorisations). Because of the distribution of the data, the kappa coefficients
for five categories of errors were very low (e.g., for category 2a, x =.35), negative or even not
computable; therefore, the ACI statistic is described additionally for each category in Table 3

(Gwet, 2008; Schori, Kersten, & Abderhalden, 2006).

[Insert Table_3 about here]

The ACI1 statistic (Gwet, 2008) showed values from moderate (AC1 (2a) = .50) to almost perfect
(e.g., AC1 (3) =1) interrater agreement between the two independent raters concerning all the

seven pupils’ error categories (see Table 3).

Validation of the Developed PCK-items
The results of the analysis of the coding of the teachers’ think-aloud interview transcripts could
demonstrate how often the teachers thought about or used a knowledge dimension to answer the

given PCK-items (see Table 4).

[Insert Table 4 about here]

For example, to answer the third item dealing with conditional knowledge on pupils’ errors
(PEcond), the five teachers used, on the average, in 90.1% of their thoughts the conditional
knowledge on pupils’ errors. The intention of this item was to get information about teachers’

conditional knowledge about pupils’ errors. Additionally, while answering this item, they needed
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or used, on the average, 33% of the declarative knowledge about pupils’ errors as well as 16.7%

of declarative content knowledge.

The interrater reliability of the two independent raters for the coding of the think-aloud interview

transcripts was found to be significantly high (/CC unjust = .99; F 439430 = 143.15; p < .001).

More Quality Criteria of the PCK-items.

For the internal consistency of the PCK-test scale ‘“declarative knowledge” and the PCK
component “pupils’ errors”, a very low Cronbach’s alpha value (o =.06; 3 items; n = 65) was
found. For the two other knowledge dimensions, the Cronbach’s alpha values was o =.60 and

o= .67 (n=65) (see Table 5).

[Insert Table_5 about here]

Finally, the intraclass correlation coefficient (ICC) of the two independent raters for the open-
ended PCK-items was found to be statistically significant (ICC njusyy = .80; F sgg588 = 5.10;

p<.001).

Discussion and Conclusions

The seven categories of pupils’ errors—identified and analysed in their drawings in the
achievement test item about the pathway of the impulse of the reflex arc—could be used to
analyse pupils’ errors, but only for this specific topic. In mathematics, ideas of general error

categories exist (e.g., Ashlock, 2005), but not yet in biology. The seven error categories of ninth
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and tenth grade German pupils reported in this article might be summed up as three main
categories which might be transferred to other biological topics as well: wrong locations of the
structure; errors concerning the function and wrongly used terms and definitions. The results of
this study showed that most of the analysed pupils’ error categories concerning the knee-jerk
were usable for the categorisation of pupils’ answers in this topic and that the interrater
agreement (AC1) of the categories ranged from moderate to almost perfect (Gwet, 2002; Landis

& Koch, 1977).

All in all, this study was able to show one way of developing PCK-items based on categorisation
of pupils’ errors which might enable researchers to develop their topic-specific, practical-
orientated and empirically based PCK-items based on this idea. The quality of the developed
PCK-items was validated by qualitative think-aloud interviews and the quantitative pilot phase.
The results of these analyses demonstrated the development of a valid, reliable and objective
PCK-test instrument for testing teachers’ PCK concerning pupils’ errors in biology.

The developed items in the PCK-test have curricular content validity because they were
developed after curricular reviews and many meetings with experienced teachers. Additionally,
the empirical data of the pupils’ errors gave more content validity. Finally, the think-aloud
interviews demonstrated that teachers mostly thought of or used the kind of knowledge
(declarative, procedural or conditional) for answering the item which was intended to be
measured by the respective item. The ICC of the interview transcript coding showed a
satisfactory interrater agreement between the two independent raters (Field, 2009). In the end of
all the interviews, four follow-up questions about the items were also asked. One of these
questions asked the teacher if their answers to the items might represent their personal way of

enactment in classroom situations or their way of thinking concerning example models in biology
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lessons. This could be seen as face validity, because all the interviewed teachers said something
similar to what Teacher K said: “My answers represent what I strive to do”.

The internal consistency of the PCK-test (its Cronbach’s alpha values) showed satisfactory
results except for the declarative knowledge of pupils’ errors—about teachers’ prediction of how
often the given pupils’ error might arise after the learning process. One reason might be that
teachers often wrongly predict their pupils’ learning outcomes and because they have over-
expectations of their pupils’ learning outcomes (Helmke & Schrader, 1987; Hosenfeld, Helmke
& Schrader, 2002).

The objectivity of the PCK-items was also confirmed with an acceptable intraclass correlation

coefficient (ICC).

Due to the small sample size of this study for more detailed statistical analysis (e.g., factor
analysis), further studies with samples of about 200 teachers will be conducted to test if all the
developed items conform to the three dimensional theoretical model of the current project
ProwiN (Tepner et al., sub.). Additionally, the items were translated into English and will be
given to American teachers in our further studies. The results of the future think-aloud interviews
might show the possible use and transferability of this study’s development ideas to other

countries and cultures.

Teachers’ knowledge about pupils’ possible errors—which may arise in a lesson or about
possible reasons for these errors—is important for teachers because this knowledge has different
advantages for teachers. On the one hand, it can be used as an orientation during the planning
process of lessons (Schumacher, 2008; Seifried &Wuttke, 2010); and meaningful arrangement of

materials, figures and models can also result. On the other hand, the information can be used for
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the training of pupils’ error analysis; pupils have the possibility to learn the so-called negative
knowledge (Oser, Hascher, & Spychiger, 1999). In the analysis of errors made by anonymous
pupils, the pupils have to change their point of view to that of a corrector. This change is the best
opportunity for learning from errors (Schumacher, 2008). Therefore, empirically analysed and
categorised pupils’ errors, as reported in this article, are important for teachers. In addition, these
results can be used for test items construction in science education research as well as in teacher

education.

To conclude, the method of developing the PCK-items demonstrated in our study was able to test
teachers’ knowledge by its connectedness to praxis, as well as to relate pupils’ performance in
achievement tests directly to teachers’ knowledge about their pupils’ errors. So it will be possible
to construct tests for pupils and teachers for analysing the correlation between pupils’ knowledge

and teachers’ PCK concerning pupils’ understanding.

As for research, the aim will be to analyse the PCK of teachers and to see if their knowledge
correlates with how they prepare and teach the subject matter in different biological topics as well
as with their job experience. So far, mathematical pre-service teachers’ experience has been
analysed in longitudinal studies (e.g. Tatto et al., 2008). Additionally, there exist a few qualitative
studies with a smaller sample size evaluating the development of teachers’ professional
knowledge (Henze & van Driel, 2009; Friedrichsen, Abell, Pareja, Brown, Lankford,
&Volkmann, 2007). In research there are different results concerning the influence of teachers’
experience. Friedrichsen et al. (2007) found that the development of science teachers’
pedagogical knowledge was supported by experience but the PCK development was not. Further

research concerning the analysis and conceptualisation of general pedagogical knoewledge is
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needed (Friedrichsen et al., 2007; Blomeke, Felbrich, & Miiller, 2008). As well, biology teachers’
professional knowledge development (longitudinal) and the relationship between the
developments of the different components (PCK, CK, PK) could be focused on in the future to

close the gap for biology teachers’ research (Cohen & Yarden, 2009; Abell, 2007).
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Development of Items
for a Pedagogical Content Knowledge-Test

Based on Empirical Analysis of Pupils’ Errors

Abstract

In view of the lack of instruments for measuring biology teachers’ pedagogical content
knowledge (PCK), this article reports on a study about the development of PCK-items for
measuring teachers’ knowledge of pupils’ errors and ways for dealing with them. This study
investigated ninth and tenth grade German pupils’ (n =461) drawings in an achievement test
about the knee-jerk in biology, which were analysed by using the inductive qualitative analysis of
their content. The empirical data were used for the development of the items in the PCK-test. The
validation of the items was determined with think-aloud interviews of German secondary school
teachers (n =5). If the item was determined, the reliability was tested by the results of German
secondary school biology teachers (n =65) who took the PCK-test. The results indicated that
these items are satisfactorily reliable (Cronbach alpha values ranged from .60 to .65). We suggest
a larger sample size and American biology teachers be used in our further studies. The findings of
this study about teachers’ professional knowledge from the PCK-test could provide new
information about the influence of teachers’ knowledge on their pupils’ understanding of biology

and their possible errors in learning biology.
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Introduction

Decades ago, Shulman (1986; 1987) originally defined the professional knowledge of teachers by
using several categories. Since then, many research groups have tried to operationalise teachers’
professional knowledge (Abell, 2007; Baumert et al., 2010; Park & Oliver, 2008) for the
development of measurement instruments. Even now, teachers’ professional knowledge,
especially the pedagogical content knowledge (PCK), is not easy to define and measure. This
article presents a study to develop an instrument for measuring PCK on the basis of empirically
analysed pupils’ errors. The three steps of the development in this project will be described: (1)
analysis and categorisation of the pupils’ answers to an achievement test; (2) development of
PCK-items according to knowledge about pupils’ errors based on the results of step one and
determination of the validity of the items; and (3) analysis of the reliability and objectivity of the

developed PCK-test.

Theoretical Background

Professional Knowledge of Science Teachers

In 1987, Shulman proposed seven categories of teachers’ professional knowledge. Numerous
researchers in the field of science education still use this work to organise research efforts or to
design and carry out research studies (e.g., Baumert et al., 2010; Hashweh, 2005; Hill, Ball, &
Schilling, 2008; Lee & Luft, 2008; Loughran, Mulhall, & Berry, 2008; Park, Jang, & Chen, 2010;
Schmidt et al., 2007; Tatto et al., 2007; van Driel, Beijaard, & Verloop, 2001). For example,
Baumert et al. (2010) helped organise their evaluation of teachers’ professional knowledge by

using three categories: pedagogical content knowledge (PCK), content knowledge (CK) and
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pedagogical knowledge (PK). Over the past decade, many research projects have used these three
main categories of teachers’ professional knowledge to provide a theoretical background. Unlike
most of the current studies on mathematics teachers (e.g., Abell, 2007; Baumert et al., 2010; Hill
& Ball, 2004; Lipowsky, 2006; Park & Oliver, 2008; Schmidt et al., 2007), the project ProwiN
(the German acronym for Professional Knowledge in Science) (Fischer, Borowski, & Tepner, in
press) is a first step to close the gap in research about teachers’ professional knowledge in science
education (Abell, 2007). Three cooperating German Universities analysed the PCK, the CK and
the PK of science teachers based on a theoretical model (Tepner et al., submitted) and the results
of researchers-developed test instruments. The study presented here is part of the project ProwiN

with a focus on one category of the professional knowledge—the PCK of biology teachers.

Theoretical Conceptualisations of the Pedagogical Content Knowledge (PCK)

Most studies on PCK focus on one of the following PCK components: “knowledge about pupils’
understanding”, “curricular knowledge”, ‘“knowledge about instructional strategies and
representation” (cf. Kind, 2009; Magnusson, Krajcik, & Borko, 1999; Park & Oliver, 2008; van
Driel, Verloop, & de Vos, 1998). Illustrated here is the development of an instrument for
measuring biology teachers’ PCK with a special focus on one PCK component—the pupils’
errors and their understanding of biology. Of special interest to this study is the MT21-study
(Schmidet et al., 2007) which analysed two sub-competencies of mathematic teachers’ diagnostic
competency: recognition of pupils’ misconceptions and criteria-guided assessment of pupils’

solutions to problems (Schwarz, Wissmach, & Kaiser, 2008).

URL: http://mc.manuscriptcentral.com/tsed Email: editor_ijse@hotmail.co.uk



©CoO~NOUTA,WNPE

International Journal of Science Education Page 34 of 68

5

The PCK in this study (part of the project ProwiN) was generally defined according to Shulman
(1986) as knowledge of structuring and describing the teaching of the content that would be
necessary for preparing the subject matter so that it is comprehensible for pupils (Fischer,
Borowski, & Tepner, in press). The most often used PCK components in the literature—
knowledge about pupils’ understanding, instructional strategies and representations (Park &
Oliver, 2008; Schmelzing et al., 2010)—were chosen for the PCK-model of the project (Tepner et

al., sub.).

The knowledge about pupils’ understanding will be highlighted. This PCK component is defined
throughout pupils’ errors as well as the knowledge about the thinking of the pupils in solving
problems. In addition to the three PCK components of the project (pupils’ errors, models and
experiments), three knowledge dimensions were defined: declarative, procedural and conditional
knowledge (Alexander, Schallert, & Hare, 1991; de Jong & Ferguson-Hessler, 1996; Paris,
Lipson, & Wixson, 1983). These knowledge dimensions form the required cognitive aspect of
teachers’ professional knowledge—here the PCK conceptualisation (Hill, Ball, & Schilling,
2008). Moreover three different biology topics that teachers have to know about—neurobiology,
plants and vertebrates—were selected from the curriculum of German schools for the
development of the PCK-items. In this article, we use the human reflex arc to demonstrate the
idea of developing PCK-items concerning “pupils’ errors” and the three different knowledge

dimensions (declarative, procedural and conditional).

Pupils’ Errors
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In science education, there are many definitions of different terms which have been used for
describing pupils’ knowledge (Taber, 2009). Sometimes, some terms could be used
synonymously and sometimes one and the same term is discussed in different ways. Table 1
shows an overview of the exemplary literature on some of the accepted terms about pupils’
knowledge in science that were categorised and combined into two different groups for defining

“pupils’ errors” in our study.

[Insert Table_1 about here]

Conceptions and prior knowledge. In the literature about pupils’ scientifically incorrect
conceptions, two main aspects have become apparent—pupils can bring their ideas with them to
the classroom from their everyday life or they can develop their ideas during the lesson and/or
because of the topic being taught in the lesson. Accordingly, the terms can be classified into two
groups. (1) Conceptions—defined as a way of pupils’ thinking which they established on their
own depending on their experience in everyday life but not consistent with teachers’ and
scientists’ ideas—have often been called misconceptions, preconceptions, alternative
conceptions, alternative frameworks or children’s science (Treagust, 1988). (2) Prior knowledge
(Allen, 2005)—described as knowledge before pupils learn something about a topic—has been
studied since the 1970s. Knowledge is used as a tightly-defined term and idea, belief, as well as
concept are sometimes used as synonyms (Taber, 2009). But knowledge differs from
conceptions, because knowledge of pupils can be described as a set of conceptions.

Pupils’ errors. Concurrent to studies on “conceptions or misconceptions”, research in
pedagogical psychology explores “pupils’ errors” (Oser, Hascher, & Spychiger, 1999; Seifried &

Wuttke, 2010; Spychiger, 2008). Pupils’ errors are the out coming signals of their difficulties or
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misunderstandings in lessons. The “errors” are different from the “misconceptions”, because
misconceptions could be defined as scientifically incorrect knowledge about something which
can and should influence pupils’ conceptual learning in the lesson (Tanner & Allen, 2005). The
meaning between neutral and non-neutral terms can be distinguished, for example, “error” or
“knowledge” (Taber, 2009), which indicates the possibility of saying if something is wrong or
right according to the current scientific research on the topic. But there are problems within the
definition as well—what is wrong and what is right in science (Cokelez, Dumon, & Taber,
2008)? Using these non-neutral—often negatively understood—terms, researchers have to define
them clearly for the terms not being misunderstood (Oser, Hascher, & Spychiger, 1999). On the
contrary, a neutral term will be, for example, “children’s ideas” and “alternative conceptions”

(Taber, 2009), which are defined more openly to include most ideas of pupils.

In this study, the term “errors” was used because we were interested in errors of the ninth and
tenth grade pupils after their learning process in biology in the ninth grade. The focus was on
errors of pupils because these errors could be seen as an indicator of the effectiveness of
instruction (Seidel & Shavelson, 2007). Pupils’ errors are an important component of teachers’
PCK on how to handle errors and to examine what might be the reasons for such errors (Baumert

et al., 2010; Hill, Rowan, & Loewenberg Ball, 2005; Lipowsky, 2006; Seifried, & Wuttke, 2010).

Aims
Based on the theoretical background, the following were the research questions and aims of our
study:

(1) What are the typical pupils’ errors about the reflex arc of the knee-jerk?
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(2) How can items for a PCK-test be developed on the basis of the identified pupils’ errors to
measure teachers’ PCK of pupils’ errors and ways for dealing with them?

(3) Are these PCK-items reliable and valid for assessing the PCK of pupils’ errors?

Method
The three parts of the study described here are: pupils’ errors analysis, development of the PCK-

items as well as the qualitative validation and quantitative analysis of the developed PCK-items.

Participants

An achievement test was given to 461 ninth- and tenth-grade pupils in secondary schools in
Germany—204 male pupils (42.7%) and 249 female pupils (52.1%) (25 pupils without gender
information) with an average age of M = 15.14 years (33 pupils without age information). All the
pupils who took the achievement test (about the reflex arc) had learned about the topic before the

test in their ninth grade.

The results of this achievement test were used to develop PCK-items about pupils’ errors. To
determine the content validity of these items, five German biology teachers—three teachers are
teaching at the higher secondary school and two at the general-education secondary school—
were interviewed. They had an average age of 43.8 years and an average teaching experience in
biology of 13.40 years. Additionally, all the developed items concerning three different biology
topics and the PCK about pupils’ errors were piloted with a larger sample of 65 biology teachers.
They had an average age of 39.54 years and an average teaching experience of 10.50 years (not

including the two years of practicum during the apprenticeship to become a teacher). All the
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participating teachers—58.5% female and 41.5% male biology teachers from six different federal
states of Germany—answered the PCK-test. Of these participating biology teachers, 72.3%
taught at the higher secondary schools and 27.7% taught at the general-education secondary

schools.

Achievement Test

In one item of the pupils’ achievement test, the pupils had to mark on a drawing of a given
human body, the pathway of the impulse that travels during a knee-jerk—the idea was based on
Hammann (2003). The pupils had about five minutes for this item (Figure 1). The expected
answer of the pupils would be the pathway of an impulse starting at the quadriceps muscle,
travelling to and through the white and gray matter of the spinal cord, and ending in the muscle
again. The pathway from the muscle to the gray matter is the sensory neuron and the pathway

back to the muscle is the motor neuron, which should be labelled as afferent and efferent nerves.

[Insert fig_1 about here]

Development of the PCK-items

Based on the empirically identified and counted error categories of the pupils’ answers to the
presented item (see Figure 1), PCK-items for biology teachers were developed in three different
knowledge dimensions: declarative knowledge, procedural knowledge and conditional

knowledge.

Figure 2 shows an example of three items—about the biological topic “reflex arc”—as part of the

PCK-test for analysing pupils’ errors with respect to the three different knowledge dimensions:
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Item a) on declarative knowledge; Item b) on conditional knowledge; and Item c) on procedural
knowledge. The most frequently counted pupils’ errors category (i.e., category 1 in the results of

this study, see Table 2) was used for the development of this item.

[Insert fig_2 about here]

At the beginning of the three items (a, b, ¢), the teachers got pedagogical background information
(Baxter & Ledermann, 1999) about the pupils: their grade, the point in time of their achievement
test and about how the test looked like. To develop PCK-items which are almost independent of
the CK, the pupils’ errors were written explicitly next to the drawing. Because some of the
pupils’ errors can be caused by materials given to them in the lesson, this is one aspect asked by
Item 1b). Major aspects of teachers’ PCK include not only the knowledge about possible reasons
for pupils’ errors but also the knowledge about pupils’ upcoming errors and the use of these for
planning future lessons or knowing how someone might react in special error situations (Seifried
& Wauttke, 2010). These aspects are illustrated by the first (Item a) and the third item (Item c), in
Figure 2. The idea of the item development is theoretically based on the empirical result that the
combination of high diagnostic competency, high teachers’ judgement accuracy and high
frequency of instructional strategies forms the key for improving instructional quality and

therefore pupils’ learning outcomes (Helmke & Schrader, 1987).

The coding manual to rate the PCK-items was written on the basis of the literature in science

education, the empirically identified error categories and additional results of schoolbook

analysis. The answers of the teachers to Item a) were coded according to the empirical results of
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the first part of the study by the use of partial credits for exactly correct answers (1), correctly
given frequencies in the interval of £ 10% of the correct answer (0.5) and other answers (0).

For coding of answers to Item b), the number of meaningful named reasons was counted. Results
of the document analysis (schoolbooks; school material) as well as literature (Schumacher, 2008;
Seifried & Wuttke, 2010) formed the basis of this coding manual. The idea behind this item was
that the more meaningful reasons the teachers name, the more the teachers might be able to
consider pupils’ errors in lesson planning. This coding manual was developed concerning the
qualitative document analysis (schoolbooks; lesson materials; everyday life material like
advertisements). Of course, if a teacher did not name a meaningful reason in the list of examples
of reasons in the coding manual, this was counted with one point as well.

The possible reactions of teachers to pupils’ errors in the described situation in the biology
lessons (Item c¢) were coded with one point per each named reaction. Therefore, the listed
possible reactions of the teachers are summarised in four main categories based on theoretical
background: (1) error is used as orientation for further lessons; (2) error is used for other pupils
so that they could learn from others errors’ (analysis of errors); (3) error corrected by the pupil
her-/himself so that she/he can learn from her/his errors; and (4) teachers being flexible and
describe the misunderstood topic another way around during the lesson (Jiittner & Neuhaus,

2010; Caspary, 2008; Oser & Spychiger, 2005; Taber, 2009).

All the items concerning “neurobiology” and all PCK components (pupils’ errors, models,
experiments) were validated in an additional study. Similar items concerning the other biology
topics (plants and vertebrates) were piloted. For the component “pupils’ errors” there are always
three PCK-items per topic according to the knowledge dimensions. Additionally, for the PCK

component “model”, always one item per topic—about the reasons of pupils’ errors related to the
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model and its use—could be added to the PCK-items about pupils’ errors. So all in all, 12 PCK-

items concerning the knowledge about pupils’ errors were created.

Data Analysis Methods

The categories of the pupils’ errors were identified using the inductive qualitative analysis of
content for 10% of the pupils’ answers (Hsieh & Shannon, 2005; Mayring, 2000). The
inductively generated categories were described in the coding manual with which multiple
counting was possible. After the coding of pupils’ answers to the shown item by two independent
raters, the relative frequency for each category was computed by using the statistical software
SPSS 19.0.0 (2011). To analyse the interrater reliability for 10% of the sample (n = 46) the AC1
statistic (Gwet, 2002; 2008) was calculated in addition to the commonly used Cohen’s kappa
value (Landis & Koch, 1977; Shoukri, 2004). This was caused by the paradoxical kappa values
because of the seldom coded categories (Gwet, 2002). Additionally, ten typical German
schoolbooks were analysed to identify information about possible reasons for the categorised

pupils’ errors.

The content validity of the developed PCK-items had been addressed throughout the process of
the development—the empirical data about pupils’ errors were used for the creation of the items
of the same biological topic. On the other hand, congruent think-aloud interviews were used
which implicates that the teachers had to communicate aloud their thoughts and simultaneously
write them down on the paper-and-pencil test (Ericsson & Simon, 1993; Leighton, 2009). After
the verbatim transcription of the interviews, the two independent raters coded the interview

transcripts by using a developed coding manual based on the theoretical model (Tepner et al.,
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sub.) underlying the items. Therefore, the intraclass correlation coefficient (ICC) of the two

independent raters was calculated (Field, 2009; Shrout & Fleiss, 1970).

The reliability of the PCK-test was analysed by using the Cronbach’s alpha coefficient (Field,
2009). The objectivity was tested by using the intraclass correlation coefficient (ICC) concerning

the coding of teachers’ answers to the open-ended PCK-test items (Field, 2009).

Results

Categories of Pupils’ Errors (based on pupils’ drawings about the reflex arc)

Seven main categories of pupils’ errors were identified and counted in the pupils’ (n = 461)
answers. Table 2 shows an overview of the frequencies of the seven categories. Some of the most
often identified error categories are discussed with the following three examples of pupils’

answers (see Figures 3, 4 and 5).

[Insert Table_2 about here]

[Insert fig_3 about here]

Figure 3 shows an example of a pupils’ answer for four different categories of errors. The most
frequent category 1—the drawn impulse reaches the brain (63%)—was identified in this
example. Additionally, two aspects of the second category were identified: beginning and/or
ending of the nerve fibres are not located at the muscle, but at bones (42%); and beginning

and/or ending of the nerve fibres are not located at the muscle, but in the heel or at the tibia
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(14%). Also this example could be used to illustrate the fourth category: the clearing up centre of
the nerves is located in the brain (26%). The final category identified in this example was
category 5: nerves are located in the body (stomach) and not in the spinal cord (17%). In the
drawing, a dot was used by the pupil to represent the change-over point of the pathway in the

brain.

[Insert fig_4 about here]

In contrast to the example in Figure 3, the most frequently identified category 1 was not found in
the pupil’s answer in Figure 4. In the drawing, the pupil did not connect the brain to the reflex arc
of the knee-jerk. Here, category 2b was identified: beginning and/or ending of the nerve fibres
are not located at the muscle, but at bones (42%). Moreover, there was no direct connection
between the two nerve fibres so that the reflex arc is not closed, that is an example for category 6

(15%).

[Insert fig_5 about here]

To show examples for every category of pupils’ errors, here is the final sample of another pupil’s
answer (see Figure 5), where the remaining categories of errors were identified. First of all, the
most frequent category 1 was identified. Furthermore, the starting- and ending-point of the nerve
fibres is in the front of the patella (category 2a; 47%) as well as category 3: only one way for the
impulse illustrated by one single nerve (34%) were identified. At last, the least frequent category
7 could be identified: nerves are not named according to their function, but to their absolute

location (brain = afferent nerve; muscle = efferent nerve) (7%).
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For the interrater reliability of this coding, the Cohen’s kappa (k) for all the categories was .67
(p <.001, n = 462 categorisations). Because of the distribution of the data, the kappa coefficients
for five categories of errors were very low (e.g., for category 2a, x =.35), negative or even not
computable; therefore, the ACI statistic is described additionally for each category in Table 3

(Gwet, 2008; Schori, Kersten, & Abderhalden, 2006).

[Insert Table_3 about here]

The ACI1 statistic (Gwet, 2008) showed values from moderate (AC1 (2a) = .50) to almost perfect
(e.g., AC1 (3) =1) interrater agreement between the two independent raters concerning all the

seven pupils’ error categories (see Table 3).

Validation of the Developed PCK-items
The results of the analysis of the coding of the teachers’ think-aloud interview transcripts could
demonstrate how often the teachers thought about or used a knowledge dimension to answer the

given PCK-items (see Table 4).

[Insert Table 4 about here]

For example, to answer the third item dealing with conditional knowledge on pupils’ errors
(PEcond), the five teachers used, on the average, in 90.1% of their thoughts the conditional
knowledge on pupils’ errors. The intention of this item was to get information about teachers’

conditional knowledge about pupils’ errors. Additionally, while answering this item, they needed
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or used, on the average, 33% of the declarative knowledge about pupils’ errors as well as 16.7%

of declarative content knowledge.

The interrater reliability of the two independent raters for the coding of the think-aloud interview

transcripts was found to be significantly high (/CC unjust = .99; F 439430 = 143.15; p < .001).

More Quality Criteria of the PCK-items.

For the internal consistency of the PCK-test scale ‘“declarative knowledge” and the PCK
component “pupils’ errors”, a very low Cronbach’s alpha value (o =.06; 3 items; n = 65) was
found. For the two other knowledge dimensions, the Cronbach’s alpha values was o =.60 and

o= .67 (n=65) (see Table 5).

[Insert Table_5 about here]

Finally, the intraclass correlation coefficient (ICC) of the two independent raters for the open-
ended PCK-items was found to be statistically significant (ICC njusyy = .80; F sgg588 = 5.10;

p<.001).

Discussion and Conclusions

The seven categories of pupils’ errors—identified and analysed in their drawings in the
achievement test item about the pathway of the impulse of the reflex arc—could be used to
analyse pupils’ errors, but only for this specific topic. In mathematics, ideas of general error

categories exist (e.g., Ashlock, 2005), but not yet in biology. The seven error categories of ninth
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and tenth grade German pupils reported in this article might be summed up as three main
categories which might be transferred to other biological topics as well: wrong locations of the
structure; errors concerning the function and wrongly used terms and definitions. The results of
this study showed that most of the analysed pupils’ error categories concerning the knee-jerk
were usable for the categorisation of pupils’ answers in this topic and that the interrater
agreement (AC1) of the categories ranged from moderate to almost perfect (Gwet, 2002; Landis

& Koch, 1977).

All in all, this study was able to show one way of developing PCK-items based on categorisation
of pupils’ errors which might enable researchers to develop their topic-specific, practical-
orientated and empirically based PCK-items based on this idea. The quality of the developed
PCK-items was validated by qualitative think-aloud interviews and the quantitative pilot phase.
The results of these analyses demonstrated the development of a valid, reliable and objective
PCK-test instrument for testing teachers’ PCK concerning pupils’ errors in biology.

The developed items in the PCK-test have curricular content validity because they were
developed after curricular reviews and many meetings with experienced teachers. Additionally,
the empirical data of the pupils’ errors gave more content validity. Finally, the think-aloud
interviews demonstrated that teachers mostly thought of or used the kind of knowledge
(declarative, procedural or conditional) for answering the item which was intended to be
measured by the respective item. The ICC of the interview transcript coding showed a
satisfactory interrater agreement between the two independent raters (Field, 2009). In the end of
all the interviews, four follow-up questions about the items were also asked. One of these
questions asked the teacher if their answers to the items might represent their personal way of

enactment in classroom situations or their way of thinking concerning example models in biology
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lessons. This could be seen as face validity, because all the interviewed teachers said something
similar to what Teacher K said: “My answers represent what I strive to do”.

The internal consistency of the PCK-test (its Cronbach’s alpha values) showed satisfactory
results except for the declarative knowledge of pupils’ errors—about teachers’ prediction of how
often the given pupils’ error might arise after the learning process. One reason might be that
teachers often wrongly predict their pupils’ learning outcomes and because they have over-
expectations of their pupils’ learning outcomes (Helmke & Schrader, 1987; Hosenfeld, Helmke
& Schrader, 2002).

The objectivity of the PCK-items was also confirmed with an acceptable intraclass correlation

coefficient (ICC).

Due to the small sample size of this study for more detailed statistical analysis (e.g., factor
analysis), further studies with samples of about 200 teachers will be conducted to test if all the
developed items conform to the three dimensional theoretical model of the current project
ProwiN (Tepner et al., sub.). Additionally, the items were translated into English and will be
given to American teachers in our further studies. The results of the future think-aloud interviews
might show the possible use and transferability of this study’s development ideas to other

countries and cultures.

Teachers’ knowledge about pupils’ possible errors—which may arise in a lesson or about
possible reasons for these errors—is important for teachers because this knowledge has different
advantages for teachers. On the one hand, it can be used as an orientation during the planning
process of lessons (Schumacher, 2008; Seifried &Wuttke, 2010); and meaningful arrangement of

materials, figures and models can also result. On the other hand, the information can be used for
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the training of pupils’ error analysis; pupils have the possibility to learn the so-called negative
knowledge (Oser, Hascher, & Spychiger, 1999). In the analysis of errors made by anonymous
pupils, the pupils have to change their point of view to that of a corrector. This change is the best
opportunity for learning from errors (Schumacher, 2008). Therefore, empirically analysed and
categorised pupils’ errors, as reported in this article, are important for teachers. In addition, these
results can be used for test items construction in science education research as well as in teacher

education.

To conclude, the method of developing the PCK-items demonstrated in our study was able to test
teachers’ knowledge by its connectedness to praxis, as well as to relate pupils’ performance in
achievement tests directly to teachers’ knowledge about their pupils’ errors. So it will be possible
to construct tests for pupils and teachers for analysing the correlation between pupils’ knowledge

and teachers’ PCK concerning pupils’ understanding.

As for research, the aim will be to analyse the PCK of teachers and to see if their knowledge
correlates with how they prepare and teach the subject matter in different biological topics as well
as with their job experience. So far, mathematical pre-service teachers’ experience has been
analysed in longitudinal studies (e.g. Tatto et al., 2008). Additionally, there exist a few qualitative
studies with a smaller sample size evaluating the development of teachers’ professional
knowledge (Henze & van Driel, 2009; Friedrichsen, Abell, Pareja, Brown, Lankford,
&Volkmann, 2007). In research there are different results concerning the influence of teachers’
experience. Friedrichsen et al. (2007) found that the development of science teachers’
pedagogical knowledge was supported by experience but the PCK development was not. Further

research concerning the analysis and conceptualisation of general pedagogical knoewledge is
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needed (Friedrichsen et al., 2007; Blomeke, Felbrich, & Miiller, 2008). As well, biology teachers’
professional knowledge development (longitudinal) and the relationship between the
developments of the different components (PCK, CK, PK) could be focused on in the future to

close the gap for biology teachers’ research (Cohen & Yarden, 2009; Abell, 2007).
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37 Wattke, 2010
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Below the human contour of a child is drawn. Structures of the brain, the spinal cord and
important muscles, bones and fibres are given as well.

Please draw the pathway of the knee jerk reflex in the child’s body in the above drawing
and label the efferent and afferent nerves.

Figure 1.
The item of the pupils’ achievement test for analysing pupils’ errors about the reflex arc after the
learning process in the ninth and tenth grade (n = 461).
112x78mm (300 x 300 DPI)
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In a students’ achievement test, the students in the 9th grade had to draw the pathway of a knee-jerk
into a given contour of a child by labelling the efferent and afferent nerves. In the human body
some structures were given: the brain, the spinal cord and important muscles, bones and fibres. At
the time of the test, the students had already learned about this topic. Shown below is one
exemplary answer of a student:

Students’ error:

The drawn impulse reaches the
brain. Only the afferent nerve
is drawn into the body.
Additionally the starting point
of this merve has a wrong
location (it starts at the patella
and not in the muscle). Finally
the labelling is  missing
completely.

a) Please try to determine how often the following error could arise when students of your
school type had learned about the topic and then had to fill in the following answer.

“The drawn impulse reaches the brain.” %

b) Please describe as many reasons as possible for the following error:
“Beginning and/or ending of the nerve fibres are not located at the muscle, but in front of
the patella.”

Therefore you should think of material that could be used in lessons or conceptions that
could arise out of everyday life.

¢) Situation:
After the students in the 9th grade had learned everything about the human central nervous system
and its functions, they took an achievement test in class. In this test the students were asked to draw
the reflex arc of the knee-jerk on a drawing of a given human body. Additionally they had to label
the afferent and efferent nerves. One student drew only one pathway of the impulse and therefore he
named one end afferent and the other efferent (see the figure above).

Please describe all the thinkable possibilities of how you could react to this error in this
specific situation.

Figure 2.
Example of three items as a part of the PCK-test for measuring teachers' knowledge of pupils' errors
and ways for dealing with them.
234x317mm (300 x 300 DPI)
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location (brain = afferent nerve; muscle = efferent nerve)

| Table2 { Deleted: 3 )
Summary of Seven Identified Categories of Typical Students’ Errors (n = 461) about Knee-
Jerk (cf Jiitmer & Newhaus, 2011) - { Deteted: auors inpress J
{ Deleted: student )
Identified categories of pupils’errors | frequency .~
1.) the drawn impulse reaches the brain 63%
2.) beginning and/or ending of the nerve fibres are not located at the muscle,
but...
a. in front of the patella 47%
b. at bones 42%
c. in the heel or at the tibia 14%
d. on the tendon 12%
3.) there is only one way for the impulse illustrated by one single nerve 34%
4.) the clearing up centre of the nerves is located in the brain 26%
5.) nerves are located in the body (stomach) and not in the spinal chord 17%
6.) nerves do not come together in the spinal cord/the reflex arc is not closed | 15%
7.) nerves are not named according to their function, but to their absolute 7%
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Figure 3.

40 Example of a pupil's answer to the task on the reflex arc (Figure 1). Category 1 as well as category
41 2b, 2c, 4 and 5 are identified here.
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Another pupil's answer to the item seen in Figure 1. Category 2b and 6 could be identified here.
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nerves \
/)
Figure 4.
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Figure 5.

The sample of a pupil's answer to the item seen in Figure 1. Category 1, 2a, 3 and 7 could be

identified here.
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Results and Interpretation of the Interrater Reliability (ACI Statistic) (Gwet, 2008; Landis &

Koch, 1977; Schori, Kersten, & Abderhalden, 2006)

ACI statistic

Strength of agreement

AC1 for the coding (categories)

<0.00
0.00 - 0.20
0.21 -0.40
0.41-0.60
0.61 —0.80

0.81 -1.00

Poor
Slight
Fair
Moderate

Substantial

Almost perfect

ACl1 (2a) =0.50

AC1 (2d) =0.76; AC1(4) = 0.79; ACI1(6) =0.70

AC1(1)=0.87; AC1(2b) =0.82; AC1(2¢c) = 0.90;

ACI3)=1; AC1(5) =1; AC1(7) =0.92
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11 Means and Standard Deviations for the First Coder’s Coded Categories of Teachers’ (n =5)

13 Think-aloud Interview Transcripts Concerning Developed PCK-items (cf. Figure 2)

18 Item PCK about pupils’ errors (PE) CK CK

1=

20 declarative procedural conditional (declarative)  (diagnose of

22 knowledge knowledge knowledge pupils’ errors)

PEdec

|

M =63% - M=413% -—-- M=20%

27 SD =22% (8D =10.2%) SD=0

|n

29 PEproc M =50% M =70.8% M =100% M=333% -

31 SD=0 (8D =21.7%) (SD=0) (SD =16.7%)

33 PEcond

)}
<
1l
o8}
0
R

e M =90.1% M=16.7% j—

35 SD =0 (SD=132%) (SD=0)
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