Win
nkler, I., Fische
er, A. Krause, U.‐M., Sp
pecht, B
B. (2020).
Teaacher ed
ducation
n in the
e fields of
o Germ
man and
maathemattics: Faccets of pedagog
p
gical con
ntent kn
nowledgge
from an in
nterdisciiplinaryy perspe
ective

RISTA
AL 3 / 20
020
Re
esearcch in Subjec
S
ct‐mattter Te
eachin
ng and
d
Learningg
Vo
olume 3
Citattion:
Winkkler, I., Fisch
her, A. Krau
use, U.‐M. & Specht, B. (2020). Teaacher educaation in the
fieldss of German
n and mathematics: Faacets of ped
dagogical co
ontent know
wledge from
m an
interrdisciplinaryy perspectivve. RISTAL, 3,
3 68–85.
DOI: https://doii.org/10.237
770/rt1833
7
ISSN 2616‐7697
Th
his work is liicensed und
der a Creative Common
ns Attribution 4.0 Interrna‐
tionaal License. (CC BY 4.0)

RISTAL. Research in Subject‐matter Teaching and Learning3 (2020), pp. 68–85

Teacher education in the fields of German and
mathematics: Facets of pedagogical content
knowledge from an interdisciplinary perspective
Iris Winkler, Astrid Fischer, Ulrike‐Marie Krause
& Birte Specht
Abstract
This paper presents the results of a qualitative study in which two newly developed pedagogical content
knowledge (PCK) assessment tools in the fields of German and mathematics were used. In these instru‐
ments, preservice teachers (27 in German, 40 in mathematics) were presented with exemplary tasks for
school students and with authentic student responses. Preservice teachers were asked to name the
requirements of the tasks, to assess the quality of students’ answers and to formulate feedback to the
students (i.e. preservice teachers dealt with authentic problems that are pivotal in the field of teaching).
The data collected in the study were analysed from an interdisciplinary perspective. Findings showed
that preservice teachers of both subjects followed comparable strategies for complexity reduction and
encountered transfer problems. Interdisciplinary conclusions can be drawn for the design of learning
environments in teacher education.
Keywords
teacher education, pedagogical content knowledge, interdisciplinary perspective

1 Introduction
In addition to content knowledge and pedagogical knowledge, pedagogical content
knowledge (PCK) is regarded as an essential part of the professional competence of
teachers (e.g. Baumert & Kunter, 2013a; Gess‐Newsome, 2016; Shulman, 1986). Re‐
sults of the COACTIV study show that the PCK of teachers in mathematics has a sub‐
stantial influence on the quality of their teaching and on the learning progress of stu‐
dents (Baumert & Kunter, 2013b). Prompted by these results, current teacher educa‐
tion research in Germany has a strong focus on the question of how the acquisition of
PCK can be fostered in teacher education and how PCK can be assessed. This question
is considered to be relevant for practically all school subjects as interdisciplinary pro‐
jects like FALKO demonstrate (Krauss et al., 2017).
Against this background, the current paper presents two newly developed PCK as‐
sessment tools for the subjects mathematics and German. Additionally, we report the
findings from a study with preservice teachers of both subjects in which these instru‐
ments were piloted. The specific approach of this paper is that conclusions from the
pilot study results are drawn from an interdisciplinary point of view. Thus, in this arti‐
cle we do not primarily aim at answering domain‐specific questions concerning
preservice teachers’ PCK, but rather investigate cross‐disciplinary aspects of PCK. For
this, we integrate findings on particularities and similarities of preservice teachers’ PCK
by comparing their answers gathered by means of the newly developed instruments in
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the two fields of mathematics and German literature education. By this, we also con‐
tribute to a discussion presently going on in German research on subject‐matter teach‐
ing and learning, namely the question if there is a general, overall nucleus in domain‐
specific concepts of education (Rothgangel & Vollmer, 2017). This paper offers a new
contribution to this discussion in so far as we combine comparative perspectives on
subject‐matter education with a data driven research process.
An interdisciplinary look at the pilot findings displays that preservice teachers in both
subjects show abilities and difficulties in coping with subject‐specific problems that,
however, go beyond the respective subject and can be generalised to preservice
teachers in all subjects (Rothgangel & Vollmer, 2017). In terms of their potential trans‐
ferability, these findings allow not only subject‐specific but also interdisciplinary con‐
clusions to be drawn for the design of learning environments in teacher education.

2 Theoretical Background
2.1 PCK
The concept of PCK was introduced by Shulman (1986, 1987) and since then it had a
big impact on research on teacher competences. Shulman set a framework for the de‐
scription of teachers’ knowledge relevant for teaching, with a special emphasis on pre‐
requisites of subject matter teaching. Shulman differentiates amongst others between
content knowledge, pedagogical knowledge, pedagogical content knowledge and cur‐
ricular knowledge. As Shulman (1987, p. 8) points out,
among those categories, pedagogical content knowledge is of special interest
because it identifies the distinctive bodies of knowledge for teaching. It repre‐
sents the blending of content and pedagogy into an understanding of how par‐
ticular topics, problems or issues are organized, represented, and adapted to the
diverse interests and abilities of learners, and presented for instruction.
Shulman (1986, p. 9f.) already describes facets of PCK, namely knowledge about topic‐
specific representations and explanations, knowledge about the didactic potential of
contents, and knowledge about students’ topic‐specific (mis‐)conceptions.
Shulman’s concept of PCK strongly influenced international research on knowledge
and competences of teachers. Regarding Germany, the international study TEDS‐M
(Tatto et al., 2008; Döhrmann, Kaiser, & Blömeke, 2010; Laschke & Döhrmann, 2014)
and the national studies TEDS‐LT (Blömeke 2011; 2013), COACTIV (Baumert & Kunter,
2013a; 2013b) and FALKO (Krauss et al., 2017) are prominent examples of teacher ed‐
ucation research that draw on Shulman’s PCK framework. TEDS‐M and COACTIV focus
on (future) teachers of mathematics, whereas TEDS‐LT and FALKO include mathemat‐
ics, German and other subjects. According to Shulman, it is a shared consensus of the‐
se studies to differentiate between the following constituents of PCK: knowledge or
adequate estimation of students’ prior knowledge, knowledge of task characteristics or
the potential of content, and knowledge of content representations. TEDS‐M addition‐
ally considers knowledge of criteria for appropriate and helpful feedback as a facet of
PCK. In Germany, the relevance of PCK was stressed by results of COACTIV revealing
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that the PCK of teachers in mathematics substantially influences both the quality of
their teaching and the learning progress of students (Baumert & Kunter, 2013b).
As Shulman (2015) pointed out, one of the limitations of his PCK concept was that it
did not sufficiently consider the relationship between knowledge and action (which is
empirically corroborated, e.g., by Gvozdic & Sander 2018). In an enhanced model of
teacher professional knowledge, Gess‐Newsome (2015) related to this limitation when
she took into consideration the difference between knowledge as disposition and
classroom performance. Besides, Gess‐Newsome sharpened the difference between
normative thinking about what teachers ought to know and knowledge teachers actu‐
ally rely on. In respect to the categories in which Depaepe et al. (2013) describe re‐
search on PCK, we understand PCK as dynamic situated knowledge in action.
To bridge the dichotomy between the understanding of competence (knowledge, mo‐
tivation) as disposition on the one hand and performance on the other hand, Blömeke
and colleagues suggested to model competence as a continuum (Blömeke, Gustafsson,
& Shavelson, 2015). They pay special attention to the processes connecting disposition
and performance, i.e. “the perception and interpretation of a specific job situation
together with decision‐making” (Blömeke et al., 2015, p. 7). With this idea, they refer
to Schoenfeld (2010) and they are close to the concept of noticing that also highlights
the importance of teachers’ selective attention, knowledge‐based reasoning and inter‐
pretation of classroom events (e.g. van Es & Sherin, 2002; Sherin & van Es, 2009).
Against this background, professional knowledge including PCK can be regarded as a
prerequisite and a filter for the perception and interpretation of classroom situations,
resulting in decision‐making and performance (Krauss et al., 2017). With respect to the
processes connecting disposition and performance, it can be supposed that profes‐
sional competence not only depends on subject‐specific knowledge like PCK, but also
depends on generic cognitive aspects such as information processing abilities.

2.2 Assessment of PCK
The assessment of PCK as a facet of teachers’ competences, i.e. as a disposition that
has to prove in job‐related situations, requires the construction not only of declarative‐
knowledge tests but also of assessment tools which focus on knowledge application to
authentic and relevant tasks (see, e.g., Blömeke et al., 2015). Thus, the assessment
instruments should refer to real‐life problems and allow for open responses. Recent
PCK assessment tools are based on open‐response‐formats for not restricting possible
problem solutions and making knowledge‐based reasoning visible (e.g. Krauss et al.,
2017; Rosenkränzer et al., 2016). However, “it is harder to define and assess quality of
responses in complex situations than with respect to clearly‐defined items” (Blömeke
et al., 2015, p. 9). Consequently, during the development of an assessment tool much
attention has to be paid to the elaboration of a coding system and to a sufficient
interrater‐reliability. Another problem of assessment instruments which consist of au‐
thentic tasks is that different task components might not be independent from each
other (Blömeke et al., 2015).
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2.3 Interdisciplinary Cooperation—Integrating Perspectives
Though there is a broad consensus about facets of teachers’ professional knowledge in
general and of PCK in particular, PCK has to be specified for each domain or even topic.
Gess‐Newsome (2015) uses the term “topic‐specific professional knowledge” for
knowledge codified by experts that has “a normative function in terms of what we
want teachers to know about topic‐ and context‐specific instruction” (Gess‐Newsome,
2015, p. 33). From an interdisciplinary perspective and with respect to teachers’ actual
knowledge use, it is interesting to identify the general in the particular when it comes
to the question how (future) teachers deal with problems of subject‐matter teaching.
This perspective is based on the assumption that some challenges that seem to be top‐
ic‐specific might have a more general reason.
From this point of view, the objective of this paper is to combine domain‐specific per‐
spectives in a way that not only an addition, but a new perspective regarding PCK as‐
sessment results arises (Boix Mansilla, 2010; Defila & Di Giulio, 2015). Thus, we prac‐
tice a form of supplementary interdisciplinarity (Heckhausen, 1972), focussing the
overlap of PCK use of preservice teachers in mathematics and German literature edu‐
cation: „The correspondence is looked for and tentatively established in order to re‐
construct life or social processes more fully“ (Heckhausen, 1972, p. 89).

3 Method
3.1 Concept of PCK Assessment Tools
The construction of subject‐specific knowledge assessment tools in interdisciplinary
teams is a widespread approach used in research on the professionalisation of pro‐
spective teachers (e.g., Blömeke, 2011, 2013; Lindl & Krauss, 2017). The two pilot ver‐
sions of PCK assessment tools we refer to in this paper are designed in parallel for the
subjects German and mathematics. They can be characterised as performance assess‐
ments (Blömeke, 2015), i.e. they aim at central requirements in everyday teaching
(Krauss et al., 2017), namely, the analysis of the quality and requirements of tasks, the
analysis and knowledge‐based interpretation of learner responses and the formulation
of helpful feedback to learners. The assessment tools use an open answer format in
order to provide insights into preservice teachers’ argumentation, to make visible the
aspects of PCK they recall and to see whether and how knowledge is applied to au‐
thentic problems by the preservice teachers (cf. Krauss et al., 2017; Rosenkränzer et
al., 2016). The two assessment tools have the following components:
(1) domain‐specific content of the respective school subject,
(2) authentic tasks for students in the sixth grade and
(3) authentic students’ responses to the task.
In the assessments, the preservice teachers are required (a) to solve the tasks for the
students, (b) to analyse the requirements of the tasks, (c) to analyse the answers given
by the students and (d) to formulate feedback for the individual students that is con‐
ducive to learning. These requirements challenge the preservice teachers’ selective
perception and knowledge‐based interpretation of a job‐related situation (a, b and c)
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as well as decision‐making and performance (a, d) (Blömeke et al., 2015; see Section
2.1). Son (2013) assessed PCK of preservice teachers of mathematics with a similar
instrument, asking the preservice teachers to solve a student task, to analyse a stu‐
dent’s answer and to explain how they would react. The assessment design addresses
relevant aspects of PCK (see Section 2.1): knowledge of the potential of content and
task requirements, knowledge of students’ topic‐specific prior knowledge, and
knowledge of criteria for appropriate and helpful feedback (Döhrmann, Kaiser, &
Blömeke, 2010; Krauss et al., 2017; Laschke & Döhrmann, 2014).

3.2 Sample and Procedure
The pilot study this paper is based on was conducted with preservice teachers who
were studying to earn a master’s degree in teaching either German (27 preservice
teachers) or mathematics (40 preservice teachers). The preservice teachers of German
studied at the University of Jena and attended a final examination seminar in the field
of teaching German as a first language. The preservice teachers of mathematics at‐
tended preparatory seminars at the University of Oldenburg to prepare them for an
internship in mathematics at a school, which is completed during the first semester of
the Master of Education course. The participants worked on the assessment tools dur‐
ing a session of the respective seminar without further time restrictions.

3.3 Domain‐specific and Interdisciplinary Analysis of Assessment Results
The analysis of the pilot data took place in four steps. First, preservice teachers’ an‐
swers were assessed by two experts in each field. The expert rating was conducted by
means of an assessment scheme that was based on sample solutions. The sample solu‐
tions had been developed by experts from a normative point of view, i.e. they were
based on what experts consider as important for future teachers “to know about topic‐
and context‐specific instruction” (Gess‐Newsome, 2015, p. 33). For each sample solu‐
tion, a maximum score was determined. According to the sample solution, the experts
initially evaluated the preservice teachers’ responses independently of each other giv‐
ing scores with respect to the number of aspects mentioned. Then the experts of each
subject agreed on a joint evaluation and scoring of each preservice teacher’s solution.
Both in German and in mathematics, the results were widely scattered. In this article,
we look at the upper and lower quarters (i.e. the 25 percent best solutions and the 25
percent weakest solutions in both pilot assessments).
In a second step, in an iterative top‐down and bottom‐up process, experts of each field
identified subject‐specific categories for the description of qualities in preservice
teachers’ responses, such as close reading in German and proving in mathematics. The
third step had a key function concerning the objective of this paper. It can be charac‐
terised as “integration” of interdisciplinary perspectives sensu Defila and De Giulio
(2015, p. 125):
Those participating in a research project have to develop common answers to
their shared research questions by integrating … the findings from the different
disciplines and/or fields of practice involved in the research. To this end, findings
and approaches have to be selected in terms of their contribution to the com‐
mon answers, they have to be reprocessed, related and brought together. The
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common result is the integrated knowledge produced in this process, the so‐
called ‘‘synthesis’’.
That means that through a discussion among the authors, who are experts in the fields
of mathematics education, German literature education, and educational psychology,
the subject‐specific categories were examined with regard to their generalisability. This
interdisciplinary comparison was a method of gaining knowledge, as similarly obtained
data from two different fields were examined for similarities and differences. During
the discussion process, assessment results in each field were estimated by experts of
the three fields mentioned above. As a result of knowledge integration, common in‐
terdisciplinary categories were synthesised.
Finally, the 25 percent best solutions and the 25 percent weakest solutions in both
pilot assessments were analysed by the authors against the backdrop of these synthe‐
sised interdisciplinary categories. Thus, we are interested in the nature of preservice
teachers’ PCK, aiming at understanding the difference in quality between strong and
week students’ performances from an interdisciplinary point of view.

3.4 Description of the Assessment Tools
3.4.1 PCK Assessment Tool in German
The problems in the PCK assessment tool in the field of German refer to the fable The
Wolf and the Lamb by Phaedrus. In this fable, a wolf and a lamb meet while drinking at
the brook. The wolf makes false accusations against the lamb and eats it before it can
refute the last accusation. The moral given by Phaedrus is a warning against people
who prosecute others based on unjustified accusations. In the version of the fable pre‐
sented to the students, the moral is missing, and the learners are asked to formulate a
moral themselves. This is a typical task that is set for students in German lessons deal‐
ing with fables. To determine the solution, it is necessary to know that animals in fa‐
bles embody general human characteristics or behaviours and that a respective trans‐
fer is required. For this transfer, one also needs knowledge about typical social prob‐
lems. Knowledge about wolves and sheep appearing in fables, and particularly of their
recurring characteristics, facilitates an understanding of the text. Learners in the sixth
grade usually have appropriate prior knowledge, as the literary genre “fable” is part of
the German curriculum for the fifth and sixth grade.
The difficulty of the student task results from an aspect of the Phaedrus fable that is
unusual for the type of text. The text is difficult to understand insofar as the moral
winner, meaning the lamb, is the victim, whereas the greedy and unjust wolf is suc‐
cessful and remains without punishment. It is difficult for sixth graders to recognise
that this fable, unlike many others, does not directly convey a concrete rule for good
interpersonal relations but rather highlights and condemns a complex phenomenon of
human coexistence. Thus, it is also difficult to derive an adequate moral from the fable.
The fable is likely to be counter to the expectations of the students in two ways: on
one hand, its ending contradicts moral concepts conveyed to children (evil is pun‐
ished), and on the other hand, it is not entirely in line with typical characteristics of the
genre.
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In the pilot assessment, preservice teachers were asked to write down three possible
solutions for the task given to the students. The request to find alternative solutions
corresponds with the ambiguity of literary texts as a content characteristic that future
teachers will need to deal with. Suitable solutions are, for example, those that point to
the immoral enrichment of the stronger at the expense of the weaker, to the conceal‐
ment of injustice by false pretences or to the erosion of law and justice due to the
power of the stronger. The results of the pilot assessment reveal that deriving a moral
of the given fable is also difficult for preservice teachers.
In order to assess task difficulty based on PCK, a thorough text analysis was necessary
that points out the features of the fable. The results of this text analysis must be relat‐
ed to general knowledge about the difficulty‐determining characteristics of text com‐
prehension tasks (e.g., Winkler, 2010) and to the knowledge of task‐relevant student
prerequisites.
In the pilot assessment, the preservice teachers were given three authentic answers of
students. Preservice teachers were asked to analyse these answers and to formulate
constructive feedback to each of the students. As typical for the age group (Zabka,
2006), the given student answers derived concrete instructions for action from the
fable. Two of the answers formulated the moral with regard to the wolf (i.e., “that one
should not take revenge on persons although they have done nothing” and “that one
should not accuse others who had nothing to do with the matter”). The third answer
gave a recommendation regarding the lamb, namely, “that sometimes (when it comes
to life and death), you should lie rather than be honest”. The first two answers recog‐
nise partial aspects of the fable more or less accurately but reveal problems in fully
grasping the wolf’s motives. The third answer shows difficulties in adequately recon‐
structing the situation of the lamb, for whom lying was not an option to save its life.
The feedback given to the students would therefore first have to provide fundamental
assistance in understanding the fable’s storyline. In addition, the students require a
hint about how to take a step towards an adequate generalisation. In addition to gen‐
eral requirements for good feedback (e.g., Hattie & Timperley, 2007), it is important
that the feedback refer to the concrete answer and not only contain general reading or
writing instructions (cf. Sturm, 2016).

3.4.2 PCK Assessment Tool in Mathematics
In mathematics, the PCK problems were presented to the preservice teachers in the
following form (Figure 1):
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Figure 1. Authentic problem from the mathematics PCK assessment tool.

The given student task can be solved in many different ways: through a representation
with dot patterns or box towers, with complete induction, through the observation of
remains or with verbal description. Preservice teachers, but not students, have the
option of algebraic representation and transformation. For preservice teachers who
master this the problem is very easy to solve, as confirmed by our assessment.
Kempen & Biehler (2014) show that a similar problem is difficult to solve for beginning
preservice teachers. Kempen & Biehler (2019) reveal that advanced preservice teach‐
ers have extended skills in this field.
To assess the requirements with regard to grade six students (problem [b]), the
preservice teachers first had to be aware of which knowledge and which ways of solv‐
ing the problem are available in grade six. It was expected that the preservice teachers
would refer to a solution that could be mastered by sixth graders and not merely write
that sixth graders are not able to solve the problem with variables. Depending on the
solution that is chosen, different requirements can be mentioned. The central difficul‐
ty, however, is to use the given relationship between the numbers (“consecutive”) in a
purposeful and productive way. In particular, it demands the establishment of a rela‐
tionship between the given additive property and the claimed divisor property. To
serve as an explanation for the claimed phenomenon, the considerations must be pre‐
sented in such a way that it becomes clear how the given structural conditions cause
the divisibility by three. This requires a general representation or at least a representa‐
tion from which the general validity becomes clear. For sixth graders, to whom alge‐
braic means of representation are not yet available, it is a demanding task both to find
a representation and to strive for the general validity of their arguments.
In the analysis of students’ responses (problem [c]), emphasis is placed on the differ‐
ence between the two students’ answers, Monika and Dörthe. It was expected that the
preservice teachers would recognise that Monika’s examples do not show any general
validity but that Dörthe’s argument is structural and, thus, at least partly general (cf.
generic examples in Yopp & Ely 2016). They should recognise that the two answers
reflect different levels of thought (cf. difficulties in differentiating between the general
and the specific in Mason 1984).
This difference between the two students’ answers should also be taken into account
in the feedback given to the students (problem [d]). Dörthe must receive feedback that
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she has grasped the structural idea of evidence, and she may be asked to explain her
answer in more detail. Monika, however, must be shown that her examples are not
explanations, and she needs help in recognising the structure. The feedback should tie
in with her approach using numerical examples. As in German, it is therefore a matter
of concrete reference to the students' responses and of observing general rules for
good feedback (cf. Hattie & Timperley, 2007).

4 Results of the Study from an Interdisciplinary Perspective
The following description of the findings does not focus on aspects that are primarily
relevant to a specific subject. Rather, cross‐disciplinary points were identified in the
comparative interdisciplinary expert discussion. We focussed on points in which good
and less good responses differ and on aspects of preservice teachers’ responses that
are relevant for designing learning environments for preservice teacher education.

4.1 Creating References Between the General and the Specific
One common feature of the two PCK assessment tools is that the preservice teachers
must be able to relate the specifics of the student tasks and the general concepts to
each other in such a way that the conclusions are sound and promote knowledge. In
the German assessment tool, to solve the student task, it is necessary to deduce from
the fable a generally valid moral. In the analysis of the students’ answers, the
preservice teachers must assess whether the students successfully drew this conclu‐
sion. In the mathematics assessment tool, a mathematical idea of general validity is
required above all. This includes knowledge of how it can be represented (see Section
4.2). Both in the German and in the mathematics PCK assessment instrument,
preservice teachers must give feedback on the students’ answers containing infor‐
mation on how a generally valid solution can be formulated without neglecting the
specifics of the students’ answers. In both assessment instruments, preservice teach‐
ers must also consider the specific features of the respective task when analysing the
task requirements and compare these features with generally valid statements on the
problem difficulties.
Our analyses of preservice teachers’ answers revealed that in German, strong and
weak answers differed significantly in the extent to which preservice teachers suc‐
ceeded in inferring from the particular to the general and vice versa. The former was
reflected in responses concerning an adequate moral of the fable. In particular, weak
responses often formulated morals without a transfer from the fable to the world in
which we live. This finding can be seen in five of the seven weakest solutions (e.g., in
the following answer: this fable shows “that the truth costs the lamb’s life because the
wolf is physically superior”). Stronger answers coped with the necessary transfer (e.g.,
this fable shows that “violence is justified by false pretences which have nothing to do
with the truth”).
The analysis of preservice teachers’ answers to problems 2, 3 and 4 gave a different
picture. The problem in many responses here was that the explanations remained so
general that they could refer to any tasks or students’ answers. This finding occurred in
both stronger and weaker solutions in the assessment. However, in the stronger solu‐
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tions, this problem only existed in parts (e.g., in the analysis of the task requirements),
while in other parts of their answers, preservice teachers successfully referred to the
specifics related to the student task. In the weaker solutions, preservice teachers more
often ignored specific features of the fable, of the student task or of students’ answers.
An exemplary weaker solution did not examine whether the students’ answers corre‐
spond to the fable text; instead, the preservice teacher commented on the quality of
the answers in general: “I personally would not have thought that students would
come to these morals of the fable”. His or her feedback did not consider the specifics
and problems of the students’ answers at all (e.g., “You understood the fable and
learned a good lesson from it”).
It is not clear whether there is a lack of ability or a lack of motivation to go beyond
commonplace feedback and to engage with the characteristics of the text and of stu‐
dents’ responses. In any case, the finding that better responses of preservice teachers
are characterised by drawing conclusions from the particular to the general and from
the general to the particular indicates that this is a facet of competence that should be
specifically fostered in teacher training.
As in German, not all preservice teachers in mathematics were able to formulate feed‐
back on students’ responses that considered both the concrete answer and the general
problem behind it. In their analysis of a student’s response, preservice teachers must
reflect on the extent to which it meets the requirements of a general explanation. If
they conclude that it does not, they must help the student to advance to more struc‐
tural thinking.
A positive example is the following response of a preservice teacher, in which a suita‐
ble conclusion is drawn that is also supported on the basis of the data material:
Dörthe, on the other hand, reveals information that was not explicitly included in
the problem, which shows that she has investigated the problem with regard to a
general principle.... The general validity of the prose part of her answer ... corre‐
sponds to a mathematical, generally valid answer.
The preservice teacher further formulated the following feedback to the student:
You seem to have recognized a principle in this problem, namely that you trans‐
form the numbers before adding....Can you formulate this principle more pre‐
cisely in words or say why exactly it is always possible?
An example in which a preservice teacher did not help the student to recognise the
structure is the following: “Monika should be told that examples are not enough and
that general and logical statements have to be made”.
Concerning the problem requirements, the results in mathematics are similar to those
in German: the analysis of the preservice teachers’ answers shows that the best an‐
swers achieve a productive balance between the general and the example‐specific.
Three typical answer patterns can be distinguished in the problem analysis by the
preservice teachers.
The first gives general features that describe the difficulty of any arithmetic problem
demanding proof. It remains completely general. The second answer pattern is based
on the opposite extreme and mentions individual steps in a special solution—usually
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the one chosen in problem (a)–without reflecting these with general criteria. The third
and most sophisticated answer pattern is a middle path between the other two. It
characterises the essential, problem‐specific difficulties that must be overcome in all
solutions. Answers at this highest level are only given by the best preservice teachers.
In their university classes, the preservice teachers had various practice opportunities in
which specific tasks were taught in combination with general concepts. The findings
show, however, that the majority of preservice teachers still have difficulty adopting
this perspective. Establishing this connection should therefore be a greater focus when
designing opportunities to learn in teacher education.

4.2 Dealing with Subject‐Specific Concepts in a Sophisticated Way
In both subjects, it was assumed that the preservice teachers had acquired subject‐
related concepts during their studies, which they could use when working on the prob‐
lems in the PCK assessment tools. These concepts are fundamental and prominent in
their respective disciplines—in German, knowledge of the requirements of text com‐
prehension tasks was particularly necessary, and in mathematics, the concept of gen‐
eral validity was needed. In fact, our study shows that both in German and mathemat‐
ics, preservice teachers are able to name appropriate concepts. At the same time,
however, it also became clear that many preservice teachers had learned these con‐
cepts rather superficially and were not able to apply them to the given tasks.
In German, both strong and weak responses documented that knowledge relevant to
the analysis of learner tasks was acquired. In the task analysis, preservice teachers
used technical terms that are common in the analysis of reading comprehension tasks.
It can be seen, however, that these terms and the concepts behind them did not serve
to better understand the task requirements but rather promoted the tendency, out‐
lined above, to remain on a general level instead of referring to task‐specific require‐
ments. This phenomenon occurred in both stronger and weaker responses. In weaker
answers, the technical terms were sometimes sprinkled into the statements in a sense‐
less way. The enumeration of general task characteristics that determine difficulty,
based on learned terms, also occurred in those preservice teachers’ answers which
contribute to doubts as to whether the fable text was understood. Conversely, an‐
swers that accurately summed up the specific task requirements largely lacked the
corresponding terminology.
In mathematics, it became clear that all preservice teachers were aware that general
validity is important when working on a problem such as the given one. Almost all
preservice teachers interpreted the instruction “explain why” as an invitation to
prove/reason the general validity of the statement. It is also noteworthy that some
linked the general term “explain” to the requirement of a formal representation. An
explanation for this may be that these preservice teachers translated the instruction
“explain” together with the statement “always” into the instruction “prove”, which
they associate with a formal representation. Thus, they interpreted the term “explain”
superficially schematically. A rich term (“explain”) is apparently replaced by another
(“prove”), which some preservice teachers attributed to a reduced meaning.
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Strong responses showed a broad understanding of the nature of reasoning and of
generality, both in their own mathematical problem solutions and in their analyses of
problem difficulty and students’ responses. They allowed for various representations
and focussed on the core of the mathematical problem. Thus, the required mental op‐
erations are essential, not the form of representation. Strong responses also interpret‐
ed students’ answers in order to understand the underlying thinking or to make the
arguments clearer. They distinguished between the surface of the representation and
the imagined or meant arguments or the recognised connections.
Weak answers, however, linked the expression of general validity to the use of varia‐
bles. This shows that, for weaker preservice teachers, the terms “justifica‐
tion/evidence” and “general validity” are keywords whose meaning they only grasp to
a limited extent. These preservice teachers considered the problem to be not generally
solvable for sixth graders because the language of formulae is not yet available to
them. They look only superficially at both the problem and the answers given by the
students.
On the whole, the fact that preservice teachers used subject‐specific terms in a static
and undifferentiated way shows that they have only superficially mastered these con‐
cepts; the fact that preservice teachers use these terms could simply indicate that they
know that, at the university, the use of subject‐specific vocabulary and notation is ex‐
pected. In view of the findings outlined above, the fundamental question arises as to
how subject‐specific terms and concepts can be embedded in learning situations in
such a way that they promote preservice teachers’ understanding of and ability to use
these concepts for authentic problems, such as analysing task requirements and as‐
sessing students’ answers.

4.3 Accessing and Using Knowledge
A further overarching finding is remarkable concerning the extent to which preservice
teachers use relevant knowledge in application‐related situations. Both in mathematics
and in German, the pilot study shows that preservice teachers who used knowledge in
one part of problem solving did not always make use of this knowledge in another
part, where it was also relevant.
For example, with regard to the concept of general validity in mathematics, different
levels of understanding of the concept can occur in different parts of the assessment.
Some preservice teachers reflected on this aptly when working on the student task and
discussing the demands that the task placed on sixth graders, but they showed weak
consideration for it regarding problem parts (c) and (d).
For example, one preservice teacher showed in problem parts (a) and (b) that his/her
concept of general validity was not limited to the use of variables, because he/she
showed the general structure by means of an example. In problem part (c), however, a
superficial view of the students’ answer was shown, in that the numerical example was
regarded only as an individual case, without taking the given transformations into ac‐
count, despite the fact that the preservice teacher had made a similar argument in
problem part (a).
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This example shows that the preservice teachers did not reliably build on already doc‐
umented knowledge or findings when working on the highly application‐oriented sub‐
problems (c) and (d). In this setting, it remains unclear why this is the case. However,
the reverse variant also occurred: in some preservice teachers’ responses, after weak
answers were given to sub‐problems (a) and (b), the discussion of the students’ an‐
swers became much more sophisticated.
On the one hand, there are preservice teachers who did not succeed in making con‐
crete, well‐founded problem analyses in the assessment of students’ responses. On
the other hand, three of the ten preservice teachers in the top group benefitted from
the analysis of students’ responses to assess the problem difficulty. This was not the
case for preservice teachers in the weaker group.
The fact that preservice teachers only showed well‐founded insights when analysing
students’ responses—that is, insights that they did not seem to make in the preceding
sub‐problems—is also evident in German. For example, some better and some weaker
responses in German showed that the preservice teachers made progress in the course
of their work on the assessment instrument. The following response makes this acqui‐
sition of knowledge explicit by supplementing the preservice teacher’s own sugges‐
tions for a moral of the fable and the presented task analysis:
Supplement (after reading the students’ answers): Apparently, for me the task
was more difficult to master than for the students. My answers 1 & 2 also corre‐
spond less to a moral than to a summary.
The given authentic students’ answers have the potential to help preservice teachers
to see the requirements of the task more clearly, as is reflected in the remark quoted
above. This also applies to the top group of responses. Here, in sub‐problem (b) (i.e.,
the analysis of the student task requirements), only one answer considered the diffi‐
culty of recognising the wolf’s motives for action and his false accusations. Five of the
seven answers from the top group obviously recognised this difficulty only through the
students’ answers.
The preservice teacher’s comment quoted above verbalises how, in the course of pro‐
cessing the given problems, one’s own proposed solutions are evaluated, which can
lead to new findings. With other preservice teachers’ responses, this can only be as‐
sumed (e.g., “I personally would not have thought that the students would come to
these morals of the fable”, see Section 4.1). The relevant finding for teacher education
courses is that concrete student responses apparently not only illustrate professional
challenges but also increase the degree of instructional support given in the analysis of
task requirements.

5 Discussion
This article presents findings from a study in which two PCK assessment tools for
mathematics and German were piloted. The assessment tools were constructed ac‐
cording to the same principles in order to ensure comparability of the findings. The
interdisciplinary comparison of the preservice teachers’ performance in the two sub‐
jects makes it possible to focus on more general phenomena concerning reasoning of
future teachers. Findings of particular interest are those that indicate problems en‐
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countered by preservice teachers both in mathematics and in German in coping with
the requirements of everyday teaching. General conclusions can be drawn from these
interdisciplinary results for the design of learning environments in teacher education.
The interdisciplinary comparison of the findings focuses on three aspects:
1) Preservice teachers in mathematics and German have difficulties in establishing ap‐
propriate links between the general and the specific. Only the best answers adequately
related the specifics of a given example to the general concepts. Weaker answers
mainly consisted of superficial statements, either without grasping the particularities
of the example or without taking a step towards generalisation. From the view of de‐
veloping competence, the concentration either on the specifics of the example or on
generalities may be interpreted as variants of complexity reduction before the integra‐
tion of both perspectives can be achieved. A possible explanation is that the given
problem is a complex problem because many variables must be considered and inter‐
related. I.e. inferences must be drawn based on the characteristics of the given prob‐
lem (domain‐specific content, student task and student answers) on the one hand and
PCK on the other hand. Problem complexity, however, affects the difficulty of a prob‐
lem and, thus, learners’ ability to solve a problem (Funke, 2013; Jonassen, 2000). Be‐
sides, research on the development of reasoning reveals that success in analytic rea‐
soning is influenced by “the demands of the task, the currently available working
memory resources, and cognitive ability” (Ricco, 2015, p. 522). The question relevant
to teacher education is how preservice teachers can be supported in taking the neces‐
sary developmental step of perspective integration and in solving professional prob‐
lems with increasing complexity.
2) Another variant of complexity reduction can be seen in the second finding.
Preservice teachers acquire relevant technical terms during their studies. However,
with regard to the concepts behind the terms, it became apparent through this study
that the preservice teachers often lacked deeper understanding. For this reason, the
concepts can often only be mentioned by preservice teachers but cannot be adequate‐
ly applied to authentic situations. In view of this finding, the interdisciplinary perspec‐
tive proves to be fruitful. By comparing preservice teachers’ performance in the two
different subjects, it became clear that the problem is not due to a lack of knowledge
of subject‐specific concepts; rather, the weaker preservice teachers, in particular,
seemed to build up a superficial and reduced understanding of the concepts.
3) The results of the present study show that preservice teachers do not continuously
and consistently apply their knowledge, meaning that their knowledge often remains
inert (cf. Gruber & Renkl, 2000). However, when it comes to examining authentic stu‐
dent answers, some preservice teachers applied knowledge which they did not men‐
tion before. These findings support the idea of using students’ answers as a means to
foster the development of applicable knowledge in teacher education.
The complexity given in the present assessment tool is omnipresent in classroom situa‐
tions. Analysing tasks, assessing the quality of students’ responses and providing help‐
ful feedback are central activities in teaching. The participants in our study are not yet
capable of coping appropriately with these rather complex requirements, even in pa‐
per‐and‐pencil assessment tools (i.e. in situations that are less complex). In addition to
subject‐specific difficulties, preservice teachers also display cross‐curricular difficulties.
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Further studies should investigate whether, in some cases, a lack of cross‐curricular
skills—such as relating the specific to general principles and vice versa or dealing with
complexity—is the cause of the difficulties encountered by preservice teachers and
whether it prevents them from further developing subject‐specific competences. This
also applies to the question of how best to promote these general skills in a subject‐
specific and cross‐curricular way.
A promising approach might be an interdisciplinary discourse among teacher educators
on the design of learning environments. It is particularly important here to further de‐
velop learning environments that involve both subject‐specific and cross‐curricular
perspectives and to test their effectiveness in experimental intervention studies.
The present study provides a first step towards constructing instruments for assessing
preservice teachers’ PCK in the fields of German and mathematics. Further studies on
these tools are needed, especially given the small sample size in the present study. The
new instruments should be tried in further studies with larger samples. However, the
integration of interdisciplinary perspectives on preservice teachers’ results in the pre‐
sent study allows assumptions concerning general challenges for preservice teachers
when dealing with problems of subject‐matter teaching.
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