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Abstract
This study suggests a comprehensive conceptualization of teacher knowledge for 
teaching early literacy in primary schools. Following the discourse on the profes-
sional knowledge of teachers, we argue that teachers’ knowledge relevant to sup-
port reading and writing at the beginning of primary school education is multidi-
mensional by nature: Teachers need content knowledge (CK), pedagogical content 
knowledge (PCK), and general pedagogical knowledge (GPK). Although research 
on teacher knowledge has made remarkable progress over the last decade, and in 
particular in domains such as mathematics, relevant empirical research using stand-
ardized assessment that would allow in-depth analyses of how teacher knowledge is 
acquired by pre-service teachers during teacher education and how teacher knowl-
edge influences instructional quality and student learning in early literacy is very 
scarce. The following research questions are focused on: (1) Can teachers’ profes-
sional knowledge for teaching early literacy be conceptualized in terms of CK, 
PCK, and GPK allowing empirical measurement? (2) How do teachers acquire such 
knowledge during initial teacher education? (3) Is teachers’ professional knowledge 
a premise for instructional quality in teaching early literacy to students? We present 
the conceptualization of teacher knowledge for teaching early literacy in primary 
schools in Germany as the country of our study and specific measurement instru-
ments recently developed by our research group. Assessment data of 386 pre-service 
teachers at different teacher education stages is used to analyze our research ques-
tions. Findings show (1) construct validity of the standardized tests related to the 
hypothesized structure, (2) curricular validity related to teacher education, and (3) 
predictive validity related to instructional quality. Implications for teacher education 
and the professional development of teachers are discussed.
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1 Introduction

Broad agreement exists that teachers need professional knowledge for the suc-
cessful mastering tasks that are typical for their profession. As early as in the 
1980s, Shulman (1987) suggested to differentiate teacher knowledge into three 
components: content knowledge (CK), pedagogical content knowledge (PCK), 
and general pedagogical knowledge (GPK). Since then, many researchers have 
related their work on teacher knowledge, assuming these components can be 
identified and contribute to the effective teaching of students and their learning 
outcomes. During the last two decades, an increasing number of empirical studies 
have assessed teacher knowledge directly and provide evidence that teachers’ sub-
ject-specific knowledge and skills are decisive factors with respect to the achieve-
ment of their students (e.g., König et al., 2021; Hill et al., 2005; Baumert et al., 
2010; Sadler et  al., 2013). Moreover, research on teacher education effective-
ness (Blömeke et al., 2008) has established the importance of measuring teacher 
knowledge as an outcome at various stages of teacher education (Kaiser & König, 
2019).

Empirical studies that work with standardized assessments very often have a 
focus on the domain of mathematics (Ball et al., 2008; Baumert et al., 2010; Hill 
et al., 2005; Schmidt et al., 2007; Tatto et al., 2008). Mathematics is a core school 
subject worldwide (OECD, 2014) and therefore of great relevance. Nevertheless, 
the question arises how new insights proliferated by such empirical research are 
relevant to languages as well. Therefore, a number of studies have recently started 
to assess language teacher knowledge (König et  al., 2016; König & Bremerich-
Vos, 2020; Evens et  al., 2018; Krauss et  al., 2017), but they are predominantly 
focused on (foreign) language teaching at the secondary school level. In contrast, 
empirical investigation of primary school teachers’ knowledge, in particular with 
regards to teaching early literacy, is scarce.

Against this background, our article proposes a comprehensive conceptualiza-
tion and operationalization of the professional knowledge of pre-service school 
teachers for teaching early literacy, who we directly assessed using standard-
ized tests developed by our research group. Our investigation will be exempli-
fied by assessment data from 386 pre-service teachers in Germany as a country 
in which German besides Mathematics constitute the core subjects taught at pri-
mary school. We first examine construct validity by looking at the structure of 
cognitive measures, namely pre-service teachers’ CK, PCK, and GPK. Second, 
we examine curricular validity by comparing such measures to specific learning 
opportunities pre-service teachers were exposed to at different stages during ini-
tial teacher education. Third, we ask whether teachers’ professional knowledge 
is a premise for instructional quality in teaching early literacy to students. The 
overall aim of this article is to contribute to a more precise outline of professional 
teacher knowledge for teaching early literacy and its relation to teacher education.
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1.1  Literature survey

Teachers’ professional knowledge Many scholars have emphasized that teacher 
knowledge contributes to effective teaching and student learning (Kaiser & König, 
2019; König et  al., 2021; Darling-Hammond & Bransford, 2007; Grossman & 
McDonald, 2008; Munby et al., 2001; Woolfolk Hoy et al., 2006; Gitomer & Zisk, 
2015; Liu & Phelps, 2020). Over the last four decades, research on teacher exper-
tise has provided evidence that teachers need professional knowledge for master-
ing typical professional tasks (e.g., Berliner, 2004; Stigler & Miller, 2018). In the 
1980s, Shulman (1987) developed a classification of professional teacher knowledge 
components, referred to by many empirical researchers when distinguishing between 
content knowledge (CK), pedagogical content knowledge (PCK), and general peda-
gogical knowledge (GPK) (see, e.g., König et al., 2016; Baumert et al., 2010; Tatto 
et al., 2012; Krauss et al., 2017).

Teachers’ CK is related to the specific subject and the content of teaching. It is 
shaped by academic disciplines underlying the subject (Freeman, 2002). For exam-
ple, in the comparative Teacher Education and Development Study in Mathemat-
ics (TEDS-M), mathematical content knowledge of future primary and secondary 
school teachers was assessed in 17 countries worldwide and comprised the follow-
ing content areas: number, geometry, algebra, and data (Tatto et  al., 2008, p. 36). 
Recently, König and Bremerich-Vos (2020) have conceptualized the CK of the Ger-
man language teacher for the secondary level into knowledge of linguistics and lit-
erature, evidenced by a structural analysis using Rasch scaling models.

Teachers’ GPK, in contrast, is not bound to a particular teaching subject. As 
Shulman (1987, p. 8) pointed out, it involves “those broad principles and strategies 
of classroom management and organization that appear to transcend subject matter” 
and comprises knowledge about learners and learning, assessment, and educational 
contexts and purposes. A systematic review recently conducted by the OECD pro-
vided evidence that three broader fields have been covered by empirical research 
on GPK over the last decades: knowledge of instructional process (e.g., teaching 
methods, classroom management); student learning (e.g., individual dispositions of 
students and their learning processes); and assessment (e.g., diagnosing principles 
and evaluation procedures) (König, 2014).

Building on CK and GPK, Shulman (1987, p. 8) introduced the notion of PCK 
as the subject-specific knowledge for the purpose of teaching and argued that PCK 
serves as the “category most likely to distinguish the understanding of the content 
specialist from that of the pedagogue.” Following Shulman, many scholars have 
applied his definition of PCK for the domain of mathematics. For example, Bukova-
Güzel (2010, p. 1873), in reviewing previous work such as Grossman (1990), Schoe-
nfeld (1998), and Shulman (1987), developed a framework, in which PCK comprises 
teacher knowledge of curriculum, knowledge of learners, and knowledge of teaching 
strategies and multiple representations. In turn, empirical studies that operational-
ized PCK in order to test teachers made use of such differentiations. For example 
in TEDS-M, PCK of future primary and secondary school teachers of mathematics 
was defined as the knowledge about the teaching and learning of mathematics as 
well as curricular knowledge (Blömeke & Delaney, 2012, p. 225; Tatto et al., 2008)
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Although broad agreement exists that the teacher professional knowledge base 
comprises at least the three knowledge components CK, PCK, and GPK (Grossman 
& Richert, 1988), hardly any empirical study has investigated the question how these 
cognitive components are interrelated. For example, PCK may serve as knowledge 
category that draws on both CK and GPK as foundations. While theoretical 
distinctions have been pointed out, empirical educational research has not provided 
clear answers with respect to the differentiations proposed. Existing studies in 
mathematics either show that CK and PCK are very highly intercorrelated (Blömeke 
et al., 2011a, 2011b; Krauss et al., 2008) or even suggest that CK and PCK could 
be merged into one knowledge category (Hill et al., 2005). None of these analyses 
has systematically accounted for the significance of GPK, therefore leaving open 
the question of whether teachers’ PCK draws on both CK and GPK. For German 
language secondary teachers, the recent study by König and Bremerich-Vos (2020) 
integrated all three knowledge components, showing that PCK of German language 
teachers was more highly intercorrelated with their CK of linguistics and literature 
than with their GPK. How CK, PCK, and GPK are interrelated in case of teachers’ 
professional knowledge for teaching early literacy remains an open question though.

Teaching early literacy In many countries worldwide, agreement exists that 
developing reading and writing literacy is indispensable for children’s growth, 
education, and daily life (Kucirkova et al., 2017; Mullis & Martin, 2019; Neuman 
et  al., 2003). In Germany as the country of our study, the national standards for 
primary education established in 2004 specify to provide primary school students 
with a fundamental language education for being able to deal with present and future 
life situations (KMK, 2004a, 2004b). Early literacy instruction should promote 
children’s interest in reading and writing and acquiring basic reading and writing 
skills (KMK, 2004a, 2004b).

Whereas these educational goals related to teaching early literacy are binding 
regulations (KMK, 2004a, 2004b), disagreement exists about the specific teaching 
methods to reach these goals in primary schools. As a consequence, there are 
different concepts on how to teach basic reading and writing skills. These concepts 
differ from one another with regard to their principles of written language and their 
understanding of teaching and learning. A distinction is made between concepts that 
are course-oriented and learning path-oriented, depending on whether teachers or 
learners fulfill an active role in initial reading and writing instruction at primary 
school.

Course-oriented concepts such as traditional primer courses aim at introducing 
the learner to the subject of written language in a linear way. Among these concepts, 
there is variation again: On the one hand, there are classical phonographically 
oriented approaches that combine analytic and synthetic methods of teaching and 
writing. On the other hand, approaches with the main focus on syllables can be 
found. One specific syllables-based approach that differs a lot from the classical 
syllable primer is a more systematic-linguistic-oriented concept. It is based on 
getting insights into the prototypical structure of German words (two-syllabled 
trochaic words with a stressed or unstressed accentuation). For this purpose, a visual 
tool was constructed: the so-called house-model (Häuser-Modell). These models 
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represent the four basic German word structures in a child-oriented way and should 
simplify the process of understanding the German orthographic system (Röber, 
2009; Budde et al., 2012).

Concepts such as language experience approaches (Spracherfahrungsansätze) and 
the method of “writing to read” (Lesen durch Schreiben; Reichen, 2008) can be seen 
as learning path oriented. A main characteristic of the language experience approach 
is the focus on individual learning paths of children and their language experiences 
during the initial reading and writing instruction. Gaining language experience means 
to deal with written language in authentic and meaningful situations. The approach’s 
overall aim is to have learners developing, expanding, and differentiating their indi-
vidual access to written language (Brügelmann & Brinkmann, 1998). Similar to the 
language experience approach, the “writing to read” method includes the learners’ 
language experience but mainly targets on spoken language. Therefore, students’ own 
words, which are preferably spoken the way they are written, that is, the pronuncia-
tion matches the phonetic spelling, become the subject of spoken language analyses. 
Finally, the isolated individual phonemes are connected to graphemes. A “Speaking 
Table of Letters and Sounds” (Anlauttabelle), which assigns single letters to sounds 
via visual symbols, provides orientation for the learners. It aims at enabling children 
to learn to read by frequent writing. Often, mixed forms of learning path and course-
oriented concepts can be found in early literacy instruction.

For decades, it has been discussed by researchers and practitioners which method 
proves to be particularly the most effective for the acquisition of reading and writing 
skills. A meta-analysis has provided evidence that the different teaching methods do 
not influence primary students’ writing and reading skills at the end of grade four in 
German schools significantly (Funke, 2014). Instead, new insights from research on 
the professional knowledge of teachers give rise to better focus the importance of 
teacher’s professional knowledge for instructional quality and student learning.

Prior empirical research on teachers’ knowledge for early literacy Empirical 
educational research on teachers’ professional knowledge for teaching early literacy 
is scarce. Approaches in language domains mainly focus on the secondary school 
level (König et  al., 2016; König & Bremerich-Vos, 2020; Blömeke et  al., 2011a, 
2011b). Those for the primary school level (Evens et al., 2018; Rutsch and Dörfler, 
2017) mostly do not cover teachers’ professional knowledge regarding early literacy 
instruction. Occasionally, single approaches can be found that analyze professional 
knowledge concerning early literacy acquisition and advanced literacy acquisition: 
Riegler and Wieprächtiger-Geppert (2016) for example developed an instrument to 
record the professional knowledge of primary school teachers about orthography 
and orthographic acquisition. Toro and Irene(2013) analyzed teachers’ CK and PCK 
about basic reading and writing acquisition by means of a three-part questionnaire. 
In Corvacho del Toro’s study, only the items that refer to the CK constitute reliable 
scales, but not the items that refer to the PCK. The study’s results highlight the 
importance of primary teachers’ CK regarding orthography especially for weaker 
students’ writing skills such as spelling performance (Toro and Irene, 2013). 
Internationally, a study by Carlisle et  al. (2009) examined not only CK, but also 
PCK. Regarding initial reading, it has been shown that PCK has a greater impact 
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on students’ performance outcome than CK. The existing findings are ambiguous 
since the professional knowledge about written language acquisition is modeled and 
operationalized differently (Jagemann, 2018).

1.2  The study: teachers’ professional knowledge for teaching early literacy

Context of study In Germany, initial teacher education is organized into two phases. 
First, pre-service teachers attend a German university with programs that emphasize 
academic, theoretical studies. A bachelor’s degree usually takes 3 years of study; future 
teachers will then study for 2 more years and finish university with a Master’s degree. 
After graduation, pre-service teachers enter the second phase of pre-service teacher 
education. Usually, it takes 1.5 years. This second phase can be regarded as induction. 
Pre-service teachers are asked to apply their knowledge in teaching and they work part-
time at schools and attend courses in general pedagogy and subject-specific pedagogy; 
the study of subject-matter content is no longer part of this second phase. The second 
phase ends with the State Examination (Staatsexamen). During induction, a committee 
assesses pre-service teachers. Across the two phases, there are two possible programs in 
which pre-service teachers acquire professional knowledge for teaching early literacy. 
They pursue either a career for primary schools or a career for special needs schools.

Research questions and hypotheses We asked the following research questions: (1) 
Can teachers’ professional knowledge for teaching early literacy be conceptualized 
in terms of CK, PCK, and GPK allowing empirical measurement (RQ 1)? (2) How 
do teachers acquire such knowledge during initial teacher education (RQ 2)? (3) 
Is teachers’ professional knowledge a premise for instructional quality in teaching 
early literacy to students (RQ 3)?

Regarding RQ 1, we predicted that pre-service teachers’ professional knowledge 
for teaching early literacy is not homogeneous but organized according to domains. 
This means that we assumed that professional knowledge is multidimensional. 
Alternatively, pre-service teachers’ professional knowledge would be homogeneous 
or one-dimensional. Technically speaking, the latter would imply an Item-Response 
Theory (IRT) scaling model in which only one latent variable was specified by all 
test items. Model 1 in Fig. 1 shows a graphical representation of this idea.

CK – content knowledge, PCK – pedagogical content knowledge, GPK – general pedagogical knowledge.

CK PCK GPK

Knowledge for

Teaching Early Literacy

Fig. 1  One-dimensional (left side) and multidimensional (right side) modeling of pre-service teachers’ 
professional knowledge for teaching early literacy. Note: CK content knowledge, PCK pedagogical con-
tent knowledge, GPK general pedagogical knowledge
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Regarding RQ 2, we consider the aim of initial teacher education programs to 
prepare well-qualified pre-service teachers (European Commission, (2013) ; KMK, 
2004a, 2004b/2019, 2008/2019). Among other goals that might be pursued, such 
programs intend pre-service teachers acquire professional knowledge. Thus, subject-
related but also general pedagogical opportunities to learn are provided by teacher 
education institutions (König et  al., 2017; Schmidt et  al., 2007). Since teacher 
education in Germany claims to be effective and the conceptualization of our tests 
measuring CK, PCK, and GPK suggests that all dimensions underlying the test 
instrument are curricular valid with regard to German teacher education, we assume 
to measure continuous knowledge gain of future teachers across the different stages 
of teacher education (bachelor studies, Master studies, induction).

With RQ 3, we refer to an analysis of predictive validity pre-service teacher 
knowledge has for the quality of instruction while teaching during their practical 
opportunities to learn. In the present study, Master students were surveyed at the end 
of their long-term practicum in schools which has a duration of 5 months. Pre-service 
teachers during induction are required to teach a limited number of lessons every 
week, so both groups should be able to report on the quality of the instruction they 
have delivered to their students. We assume positive correlations between pre-service 
teacher knowledge scores and basic dimensions of instructional quality such as effective 
classroom management, cognitive activation, and constructive support of students.

2  Method

2.1  Sampling design

Data are available from n = 386 pre-service teachers in Germany during their bachelor 
studies, Master studies, and induction (see Table 1). Their CK, PCK, and GPK were 

Table 1  Sample characteristics

GPA grade point average (ranges from 1 to 4 in Germany with 1 indicating highest level)

Pre-service teachers  
at university  
(bachelor students)

Pre-service teachers  
at university  
(Master students)

Pre-service teachers 
during induction  
(first year of training)

Total

n 282 87 17 386
% % % %

Program (primary 
school teaching 
type)

48.2 50.6 76.5 50.0

Gender (female) 92.9 92.0 82.4 92.2
M (SD) M (SD) M (SD) M (SD)

Age 21.6 (3.1) 24.5 (2.6) 28.5 (5.8) 22.6 (3.6)
GPA 2.02 (.50) 1.98 (.46) 2.19 (.42) 2.02 (.49)

Educational Assessment, Evaluation and Accountability (2022) 34:483–507 489
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tested as part of quality assurance during teacher education at the University of 
Cologne in Germany, one of the largest teacher education universities in Germany 
and Europe. The quality assurance is part of a larger teacher education project 
(Zukunftsstrategie Lehrer*innenbildung Köln (ZuS):Inklusion und Heterogenität 
gestalten) that was launched in 2015.  Two teaching types were focused on: pre-
service teachers who qualify to teach at primary schools and pre-service teachers who 
qualify to teach at special needs schools. Both teaching types are exposed to the same 
learning opportunities in teaching early literacy at the University of Cologne (Hanke 
& Pohl, 2020). The majority of pre-service teachers are female (92%), which is fairly 
typical for primary teacher education in Germany (Blömeke et al., 2010, p. 138).

Pre-service teachers were surveyed during their teacher education courses. Dur-
ing bachelor studies, data collection could be carried out in large lectures, whereas 
during Master studies and induction, students had to be surveyed in small seminars. 
Since therefore bachelor students could be better reached, their response rates were 
higher and the sample is larger (Table 1). Pre-service teachers during induction were 
difficult to reach, resulting in a small sample which will later be discussed as a limi-
tation of our sampling design.

Whereas the three groups differ by age on average (F(2,385) = 59.84, p < 0.001, 
η2 = 0.24), their mean grade point average (GPA, in German Abiturnote) does not 
show any statistically significant difference (F(2,381) = 1.37, p = 0.254, η2 < 0.01). 
Due to entrance selection at the University of  Cologne (numerus clausus), average 
GPA of the pre-service teachers is fairly good.

2.2  Tests of CK, PCK, and GPK

When developing a comprehensive instrument for measuring primary school teachers’ 
professional knowledge for teaching early literacy, we basically considered that PCK 
would have to go beyond an “amalgam of content and pedagogy” (Shulman, 1987, p. 
8). The German writing system is closely related to the spoken system more than it is the 
case in other languages. However, it is clearly a mixed system based on further structure-
forming principles such as syllabic, morphological, and syntactic ones (that are not part 
of spoken language in this form). This combination of principles primarily constitutes 
the reception process (Maas, 2015). The complex system of written language evokes 
specific acquisition phenomena in the learning process, including mistakes in spelling 
or reading, as well as specific learner-internal acquisition strategies, which are for 
instance expressed by structural hypothesis-forming processes including possible over-
generalization. Accordingly, we also assume a fundamental separation of professional 
knowledge into CK and PCK, but concerning the latter, we differentiate between aspects 
related to acquisition and aspects related to mediation (similar to König et al., 2016, for 
Teaching English as a Foreign Language). Table 2 serves as an overview of aspects and 
facets of teachers’ professional knowledge for teaching early literacy.

The operationalization of the selected domain- and target group-specific content 
aspects of professional knowledge for teaching early literacy follows both a content 
(knowledge areas) and a qualitative (type of knowledge) classification. CK with an 
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emphasis on basic knowledge of linguistics accounts for aspects of graphology, 
phonology, morphology, orthography, syntax, and the reading process. PCK 
implies acquisition-related, development-related, and diagnostic knowledge as 
well as curricular and methodological knowledge related to teaching. In terms of 
quality, a distinction is made between declarative and procedural knowledge in 
both areas of knowledge, since, as especially the research on teacher expertise has 
worked out, both declarative and procedural knowledge contribute to the expert’s 
performance in the classroom (Stigler, & Miller, 2018). The test includes both 
single-choice tasks and more complex tasks with open and closed task format 
(see Table 3 for item examples). Table 2 provides an overview of the item matrix 
and the distribution of the 43 items. In total, CK comprises basic knowledge in 
linguistics (14 items); PCK deals with knowledge about student learning and 
development (7 items), curricular knowledge (8 items), diagnostic knowledge (4 
items), and knowledge about teaching strategies (10 items).

By giving priority to a greater number of items measuring PCK, we intend to 
consider the specific acquisition constellation in case of the early literacy acqui-
sition within the first two school years. In contrast to later phases, in which CK 
may be prioritized, in the present case, the facets of PCK are to be accentuated 
or to be examined more precisely. In addition, four requirements were taken into 
consideration when designing the survey instrument:

Concept neutrality All current teaching concepts that are implemented in the prac-
tice of teaching are accounted for the instrument without preferring a specific teach-
ing method as outlined previously (e.g., course oriented and learning path oriented 
approaches). Nevertheless, critical knowledge of the existing teaching methods is 
also collected.

Teaching proximity Wherever possible, various instructional examples, such as 
learner’s written material and texts, textbook assignments, and teaching materials, 
were added to the items. However, core components of linguistic and didactic termi-
nology were not neglected.

Ecological validity We ensured that the knowledge specified by the instrument cor-
responds with well-known basics on the acquisition of early literacy.

Normativity A survey of experts with both university professors and induction 
teacher educators was conducted to examine content validity, i.e., confirming the 
relevance of the different knowledge facets for the acquisition of teaching early lit-
eracy during teacher education (Bruckmann et al., 2019).

While tests measuring CK and PCK for teaching early literacy were newly devel-
oped, in the present study, we used an existing GPK test that was developed in the 
context of the international comparative study TEDS-M (König et al., 2011). The test 
assesses GPK that is related to generic dimensions of teaching quality and, there-
fore, measures knowledge allowing teachers to prepare, structure, and evaluate les-
sons (“structure”), to motivate and support students, as well as manage the classroom 
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(“motivation/classroom management”), to deal with heterogeneous learning groups 
in the classroom (“adaptivity”), and to assess students (“assessment”). Table 3 con-
tains two-item examples illustrating the subareas “motivation/classroom manage-
ment” and “structure.” In TEDS-M and further studies, evidence for reliability of the 
test could be provided (König et al., 2011). For example, the overall reliability of the 
test is 0.78 in König et al. (2011, p. 194). In the study by König and Pflanzl (2016), 
correlations between GPK and generic dimensions of teaching quality are 0.33 (GPK 
and effective classroom management), 0.47 (GPK and teaching methods/teacher clar-
ity), and 0.51 (GPK and teacher-student relationships). Due to time constraints in 
the present study, we used a shorter version with 40 items only (for a more detailed 
description of the test, see, e.g., König et al., 2011; König, 2014).

2.3  Instructional quality

Those pre-service teachers who had been exposed to substantial practical learning 
opportunities were additionally required to respond to a scale inventory with which 
we captured self-reported instructional quality. The scale inventory was developed 
in a previous study (Depaepe & König, 2018). It relates to the concept of three basic 
dimensions of instructional quality applied to primary level reading and writing 
instruction (Stahns et al., 2020). Each basic dimension is measured by two subscales 
with three or four Likert-items, ranging from 1 (“fully disagree”) to 4 (“fully agree”). 
Cognitive activation was measured using the subscales “cognitive demanding 
tasks” (3 items, e.g., “I asked the students questions they had really to think of.”) 
and “stimulating students’ cognitive independence” (3 items, e.g., “When working 
on challenging tasks, I allowed students to apply their own strategies.”). To measure 
effective classroom management, the subscales “preventing disorder” (4 items, e.g., 
“I always knew exactly what happened in the classroom.”) and “providing structure” 
(4 items, e.g., “I frequently told the students what they had to remember.”) were used. 
Constructive support was measured using the subscales “encouraging students” (4 
items, e.g., “I showed an interest in every student’s learning.”) and “differentiated 
instruction” (3 items, e.g., “The single students often had different tasks.”).

2.4  Scaling and data analysis

The data allows empirical analyses of the standardized tests for the total sample (RQ 
1) as well as for the pre-service teachers in different stages of their professionaliza-
tion (RQ 2). In addition, pre-service teachers in their Master studies who had to 
teach during their long-term practicum (for 5 months) and pre-service teachers dur-
ing induction were asked to provide self-reports about the instructional quality of 
their lessons delivered to their students. Using these two groups of advanced pre-
service teachers allows empirical analyses related to RQ 3.

For answering RQ 1, we did the model comparison between three-dimensional 
model (right side in Fig. 1) and one-dimensional model (left side in Fig. 1) by using 
the Conquest software package (Wu et  al., 1997), allowing a likelihood ratio test, 
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deviance statistics, Akaike information criterion (AIC), and Bayesian information 
criterion (BIC). All cases were included in the modeling, thus effectively increas-
ing the analytical power of the scaling analysis (Bond & Fox, 2007). The deviance 
statistics (i.e., − 2*log likelihood) of the model is calculated of which the smaller 
the model fitted the data better. We examined the empirical reliability of each scale 
by using Expected a Posteriori estimation (EAP; de Ayala, 1995) which allows an 
unbiased description of population parameters (Wu et al., 1997). We also use indi-
ces of infit and outfit mean square error (MNSQ) that can be reported by Conquest. 
When all the items are below 1.4 (Wright & Linacre, 1994), items fit the specific 
scaling model. For answering RQ 2, we used IRT test scores by fitting the three-
dimensional model (EAP estimates derived from Conquest scaling analysis) to pre-
sent descriptive statistics for CK, PCK, and GPK and to implement analysis of vari-
ance (ANOVA) for comparing the CK, PCK, and GPK means between the groups of 
bachelor students, Master students, and pre-service teachers during induction. For 
answering RQ 3, the correlation between IRT test scores (EAP estimates) and the 
six subtests of instructional quality were calculated.

3  Results

3.1  Empirical findings on the structure of professional knowledge

RQ 1 concerns the structure of teacher knowledge for teaching early literacy. 
We examined whether the items to test pre-service teachers’ CK, PCK, and GPK 
would serve as indicators of one general factor. This model was compared with 
a model in which the CK, PCK, and GPK were specified as three latent vari-
ables by the relevant test items (see Fig. 1). Table 4 contains information on the 
deviance statistics (i.e., − 2*log likelihood) of each model. AIC and BIC were 
calculated as well, since both are based on the deviance statistics and account 
for the number of parameters as well as sample size. The findings allow us to 
assume the hypothesized multidimensionality rather than the one-dimensionality 
of pre-service teachers’ knowledge. The relative Chi-square (i.e., the ratio of the 
Chi-square deviance and the degrees of freedom) shows a statistically significant 
improvement of the three-dimensional model. AIC and BIC are lower for the 
three-dimensional model than for the one-dimensional model. As the weighted 
mean square item fit statistics of the three-dimensional model show, they range 

Table 4  Deviance statistics on one- and three-dimensional models

Model Deviance Number of esti-
mated parameters

Difference AIC BIC

Deviance Parameter p

1-dim 33,288.12 83 455.02 5  < .001 33,454.12 33,502.81
3-dim 32,833.10 88 33,009.10 33,060.72
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between 0.78 and 1.18 for all 82 items, therefore fitting the three-dimensional 
framework (Wright & Linacre, 1994).

Table  5 contains the latent intercorrelations for pre-service teachers’ CK, 
PCK, and GPK. High latent intercorrelations (> 0.8) are between PCK and CK 
on the one side and moderately high intercorrelation (> 0.5) between PCK and 
GPK on the other side. By contrast, medium size intercorrelation can be found 
with respect to the relation between GPK and CK (> 0.3).

To test for differences in degree of intercorrelation, we used the significance 
test proposed by Meng et  al. (1992). As we had expected, the intercorrelation 
between CK and PCK is significantly higher than the intercorrelation between 
CK and GPK (z = 13.87, p < 0.001); and GPK is more highly intercorrelated 
with PCK than with CK (z = 7.76, p < 0.001). These differences may reflect the 
fact that CK and GPK are more distant from each other, whereas PCK relies on 
both knowledge of content and knowledge of pedagogy (Shulman, 1987). Inter-
estingly, and contrary to our expectations, PCK and CK are intercorrelated more 
highly than PCK and GPK (z = 7.70, p < 0.001). This might be caused by the 
subject-specific emphasis given to PCK testing in our approach.

Figure 2 shows an item–person map from the multidimensional IRT analysis. 
On the left side, the abilities of future teachers are represented (one “X” repre-
sents 2.5 pre-service teachers), whereas on the right side, the distribution of test 
items is shown (each of the 82 test items has a number). If the location of an 
item and a person match, the person has a probability of 0.5 to succeed on that 
item. The higher a person is above an item on the scale, the more likely the per-
son will succeed on the item. The lower a person is below an item on the scale, 
the more likely the person will be unsuccessful on the item. All three tests cover 
the pre-service teachers’ abilities quite well, as the range of person abilities (left 
side) was well covered by item difficulties (right side). The three-dimensional 
model and its results show that it was possible to create a test score for each 
knowledge dimension. The reliability was good (i.e., empirical reliability where 
the standard error was computed using EAP estimation, see Brown & Croudace, 
2015) for CK (0.677), PCK (0.794), and GPK (0.818).

3.2  Descriptive findings on professional knowledge

Regarding RQ 2, findings show that the more advanced pre-service teachers are in 
the course of their initial teacher education, the higher they perform on all three 
knowledge assessments (Fig. 3). To facilitate reading, EAP estimates were linearly 

Table 5  Latent intercorrelations 
of pre-service teachers’ CK, 
PCK, and GPK

(1) (2)

(1) CK
(2) PCK .82
(3) GPK .35 .56
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transformed to a mean of 500 and a standard deviation of 100 for each of the CK, 
PCK, and GPK scales, respectively. Whereas bachelor students’ average test scores 
are clearly below 500, Master students score around 550 and the test scores of pre-
service teachers during induction are even slightly higher. In particular, pre-service 
teachers during induction reach an average score of 600 in the GPK assessment, 
which is about half a standard deviation higher than the test score of Master students 
and more than one standard deviation higher compared to bachelor students.

Findings from ANOVA show that group mean differences are statistically sig-
nificant and practically relevant (CK, F(2,283) = 16.1, p < 0.001, η2 = 0.08; PCK, 
F(2,383) = 30.2, p < 0.001, η2 = 0.14; GPK, F(2,383) = 45.1, p < 0.001, η2 = 0.19). 

Fig. 2  Item–person map of three-dimensional Rasch scaling
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However, as post hoc tests for comparing the single groups show, concerning CK, 
PCK, and GPK, only bachelor students are outperformed by Master students and 
pre-service teachers during induction, but there are no significant mean differ-
ences between Master students and pre-service teachers during induction. One rea-
son might be the small sample size of pre-service teachers during induction which 
causes large standard error (see Fig. 3). Since hypothesis testing always depends on 
sample size, we also computed effect size d (Cohen, 1992) to get further insights. 
There is no practically relevant effect when Master students and pre-service teach-
ers during induction are compared towards their CK (0.08) and PCK (0.13); how-
ever, effect is almost medium when their GPK is compared (0.47). In contrast, there 
are medium to large effects when bachelor and Master students are compared (CK/
PCK/GPK 0.64/0.87/1.02) or when bachelor students and pre-service teachers dur-
ing induction are compared (0.76/1.01/1.35).

3.3  Findings on predictive validity of professional knowledge

To investigate RQ 3, we selected the subsample of those pre-service teachers in their 
Master studies or induction phase, since they had been sufficiently exposed to practi-
cal learning opportunities and thus be able to respond to a scale inventory measuring 
six aspects of instructional quality. Moreover, we only considered those pre-service 
teachers to be able to give valid judgements who had been trained for teaching a 
whole class. So, we only selected pre-service teachers that qualified for teaching in 
primary schools and who were either in their Master studies or induction (n = 57).

Table 6 provides findings from three intercorrelational analyses that were sep-
arately carried out for each of the three knowledge tests due to sample size. Sta-
tistically significant correlations are among pre-service teachers’ CK and PCK 
and the basic dimension of effective classroom management (subscale “Prevent-
ing disorder”). That means, the better the pre-service teachers scored in the CK 

CK – content knowledge, PCK – pedagogical content knowledge, GPK – general pedagogical knowledge.

400

450

500

550

600

650

700

Bachelor Master Induction

CK

PCK

GPK

Fig. 3  Means and 95% confidence interval of test scores by groups. CK content knowledge, PCK peda-
gogical content knowledge, GPK general pedagogical knowledge
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and PCK assessment, the higher they rated items related to self-reported effec-
tive classroom management they provided when teaching during practical learn-
ing opportunities. Surprisingly and against our expectations, none of the other 
instructional quality scales was significantly correlated with the knowledge 
assessments.

4  Discussion

In the present study, we suggested a comprehensive conceptualization of teacher 
knowledge for teaching early literacy in primary schools. Starting from the dis-
course on the professional knowledge of teachers, as outlined by Shulman (1987) 
and the teacher expertise research, we argued that teachers’ knowledge relevant 
to support reading and writing at the beginning of primary school education is 
multidimensional by nature. Teachers who teach students at early grades are not 
just generalists. Instead, they need CK, PCK, and GPK. Therefore, we inves-
tigated pre-service teachers’ knowledge towards its structure (construct valid-
ity), how it is acquired during initial teacher education (curricular validity), 
and examined its significance for self-reported instructional quality (predictive 
validity). In a previous expert survey, we had already provided evidence for con-
tent validity of tests (Bruckmann et al., 2019). Although the context of our study 
is Germany, we think that all our research questions are of principle nature, 
therefore contributing to the larger scientific discourse on teachers’ professional 
knowledge going beyond the German speaking context.

4.1  Conceptualization of professional knowledge

Three standardized tests were used to directly assess pre-service teachers’ profes-
sional knowledge for teaching early literacy. In an IRT-scaling analysis, it turned 

Table 6  Intercorrelations of pre-service teachers’ CK, PCK, and GPK with their self-reported instruc-
tional quality (primary school teacher type only, n = 57)

Coefficients are standardized
* p < .05

Basic dimension Facet M SD CK PCK GPK

Cognitive activation Cognitive demanding tasks 3.31 .46  − .02 .06 .08
Stimulating students’ cogni-

tive independence
3.40 .49 .12 .21  − .06

Effective classroom management Preventing disorder 3.15 .41 .30* .31* .00
Providing structure 2.85 .51 .15  − .01  − .01

Constructive support Encouraging students 3.52 .46  − .13  − .25  − .11
Differentiated instruction 2.98 .56 .08  − .01 .01
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out that a three-dimensional model which differentiated among CK, PCK, and GPK 
fitted significantly better to the data than a one-dimensional model in which teacher 
knowledge was operationalized across all test items. PCK was more closely corre-
lated with CK on the one side and GPK on the other side, which confirms Shulman’s 
notion of PCK being an amalgam of both content and pedagogy (Shulman, 1987). 
Moreover the correlation between PCK and CK is in accordance with empirical 
studies in the area of mathematics and secondary level language teaching that also 
provided evidence that PCK is closely related to CK (König et al., 2016; König & 
Bremerich-Vos, 2020; Ball et al., 2008; Blömeke et al., 2011a, 2011b; Krauss et al., 
2008).

Our findings underline the necessity to differentiate teacher knowledge compo-
nents as suggested by Shulman (1987) and to consider teacher knowledge a multi-
dimensional construct. Although previous studies that investigated the trias of CK, 
PCK, and GPK for different domains and school levels (e.g., English as a foreign lan-
guage in secondary school level, König et al., 2016) have made visible the necessity 
for differentiating, the present study presumably has additional value: Disagreement 
exists as to what extent primary school teachers actually need subject-specific profes-
sional knowledge or, in contrast, whether only GPK would be sufficient for teaching 
at the primary level (Blömeke et al., 2011a, 2011b). As we found empirical evidence 
for separating the three knowledge components, we can interpret this as an important 
argument in favor of subject specialization even on the primary school level.

4.2  Professional knowledge acquisition

Regarding RQ 2, we intended to explain the variation in teacher knowledge for 
teaching early literacy in terms of the different training stages of pre-service teach-
ers. Longitudinal data was not available, so we analyzed statistical mean differences 
among pre-service teacher groups to explore how knowledge might be acquired in 
the course of training. As expected, test scores varied across pre-service teachers 
from different stages, adequately reflecting differences in the learning opportunities 
they had been exposed to during their teacher education.

Pre-service teachers at a later stage (Master studies, induction) outperformed 
those at an earlier stage (bachelor studies) at university. Statistically significant mean 
differences were restricted to these groups, since sample size of pre-service teachers 
during induction was very small (n = 17), thus causing large standard errors (Fig. 3). 
Concerning GPK, however, at least the numeric values of average test scores were 
much higher (nearly half a standard deviation) for pre-service teachers during induc-
tion than during Master studies, reflected by almost medium size effect (d = 0.47). 
Thus, it is not surprising that previous studies that applied the GPK test to differ-
ent groups of pre-service teachers showed statistically significant mean differences 
between Master students and pre-service teachers during induction (e.g., König 
et al., 2016, for pre-service secondary teachers for TEFL).

To sum up, test score differences by teacher education stage as shown in our 
study are well aligned to certain priorities laid down in the initial teacher education 
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curriculum. That both CK and PCK are fostered during initial teacher education is 
a finding worth considering for the professionalization of primary teachers, whose 
knowledge base has sometimes been trivialized either to a minimum of CK or to 
GPK only. We also consider this as evidence for curricular validity of the tests.

4.3  Professional knowledge as a premise for instructional quality

Since CK and PCK standardized tests for teaching early literacy have been recently 
developed, we finally were interested in an analysis of predictive validity related to 
instructional quality. While for GPK, evidence for predictive validity has been pro-
vided in several previous studies targeting pre-service teachers (König & Kramer, 
2016; Depaepe & König, 2018) as well as in-service teachers (König & Pflanzl, 
2016; König et al., 2021); an examination of CK and PCK might reveal completely 
new insights.

Since, for validity reasons, we had to select a subsample, we focused on those pre-
service teachers who had already been exposed to a substantial amount of teaching 
experience (n = 57). Findings related to our RQ 3 are limited, though. Only pre-ser-
vice teachers’ CK and PCK were correlated with a key facet of effective classroom 
management (“preventing disorder”), whereas, in contrast, no other correlations 
could be found. One reason might be that the measurement quality of instructional 
quality through self-reports is limited. Another limitation might be that pre-service 
teachers have difficulties in self-evaluating their instructional practice delivered to 
students. Moreover, evidence exists that novice teachers usually are overwhelmed by 
the complexity of teaching situations. They highlight teaching challenges in terms 
of effective classroom management as one of the most important problems (Maul-
ana et al., 2017). At the same time, however, they indicate that they are not suffi-
ciently prepared to mastering these challenges (Jones, 2006). This could be another 
explanation that systematic variation among pre-service teachers is primarily among 
those categories (see Table 6).

4.4  Limitations

Although findings of the present study are promising, limitations exist as well. First, 
sample size of the more advanced pre-service teachers was relatively small and 
our sampling design did not allow longitudinal analysis models. Second, we only 
assessed pre-service teachers, whereas it remains an important issue to target in-ser-
vice teachers as well. Third, our analysis of predictive validity was limited for rea-
sons already mentioned. Future research should apply different approaches to cap-
ture instructional quality, such as in vivo rating or video-recordings of lessons (e.g., 
König et  al., 2021). Fourth, predictive validity should be examined using student 
assessment data as well, in order to assure that teachers’ professional knowledge for 
teaching early literacy is decisive for student progress. Most of these shortcomings 
are considered in a current project that is carried out by our research group. There-
fore, these research desiderata have been focused on already and new findings will 
be proliferated in the near future.
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