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Relation of a test for assessing pre-service primary teachers’
pedagogical content knowledge to other educational variables

Malte Lehmann?!, Bettina Roesken-Winter! and Lars JenRen?

Humboldt-Universitat zu Berlin, Germany; malte.lehmann@hu-berlin.de

PCK is a central component of the professional competence of (pre-service) primary teachers in the
field of mathematics, and can be differentiated into different facets. In order to examine this
knowledge facet in relation to other components of professional competence (e.g., emotions, beliefs,
action planning, instructional quality), an economical and freely available test procedure that
sufficiently fulfils common quality criteria is needed. This paper presents partly the validation of such
a test. According to test standards and in order to prove whether test scores allow for conclusions on
pre-service teachers’ PCK, relationships to other variables were examined. The results provide
validity arguments, indicating a sufficiently high reliability of the test, and support theory-conform
conclusions based on the test scores.

Keywords: Pre-service primary teachers, pedagogical content knowledge, test development,
validation.

Introduction

Mathematics pedagogical content knowledge (PCK) is an essential facet of teachers’ professional
knowledge, along with mathematics content knowledge (CK) and general pedagogical knowledge
(Shulman, 1986). In larger studies, PCK is usually measured by tests, in studies with smaller samples,
it is sometimes measured in qualitative ways (Depaepe et al., 2013). Overall, it can be stated that a
freely available test procedure for assessing PCK of pre-service primary teachers is missing. Such an
economical, reliable and valid test would allow for investigating connections to other components of
professional competence such as beliefs or situation-specific skills.

This paper presents a test for assessing PCK of pre-service primary teachers and describes the relation
of the test to other educational variables. First, the construct PCK is theoretically reviewed with regard
to its content, and structure. Then the concept of validation and the development of the test are
presented. Based on this, the goals and the basic assumptions to be tested in the validation process
are presented. Finally, the evidence reported on the basic assumptions is considered and discussed in
an integrative manner.

PCK of prospective primary school teachers

The seminal work of Shulman (1986) introduced PCK as a central component of the cognitive
dispositions of teachers' professional knowledge. Building on this, a variety of different definitions
of PCK emerged, each with a different focus. Depaepe et al. (2013) identified several components of
PCK in their systematic review, including knowledge of (mis)conceptions of students, mathematical
tasks and cognitive demands, curricular knowledge as well as content knowledge and pedagogical
knowledge. Another established conceptualization was contributed by the COACTIV project
(Baumert, Kunter, et al., 2010). Here, PCK was divided into subdimensions, encompassing
knowledge about the diagnostic potential of tasks, the cognitive demands and implicit knowledge
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prerequisites of tasks, their didactic sequencing, and the long-term curricular arrangement of material,
knowledge about student conceptions (misconceptions, typical errors, strategies), and diagnosing
student knowledge and comprehension processes, as well as methodological knowledge (Baumert &
Kunter, 2013). Comparably, Ball et al. (2008) structured the construct in their MKT framework into
the subdimensions knowledge of content and students, knowledge of content and teaching, and
knowledge of content and curriculum. Another model that considers the work of Ball et al. (2008)
but emphasizes more the specialization of teachers' knowledge and puts teachers’ beliefs in a central
position is the MTSK model (Carrillo-Yafiez et al., 2018). In this model, PCK is structured into the
three dimensions: knowledge of mathematics teaching, knowledge of features of learning
mathematics, and knowledge of mathematics learning standards.

Drawing on these established subdimensions of PCK of pre-service teachers, and in consideration of
(national) specifics of teacher education we opted for the following four facets of PCK: (1) Students'
learning and understanding (e.g., number aspects of natural numbers); (2) Curricula and contexts
(e.g., general mathematical competencies as described in national educational standards of primary
education); (3) Tasks and materials (e.g., use of digital media in mathematics education); (4)
Teaching and instruction (e.g., representations for unitizing and decomposing in the decimal system).
In our test development, the goal was not to develop an instrument that can empirically distinguish
these four dimensions, but to use the dimensions as a heuristic for constructing test items.

Development of the PCK test

Our aim was to develop an economical, reliable, and valid measures of pre-service teachers’ PCK.
To meet the demands, we decided to follow a cognitive and rather static perspective on PCK,
comparable to the COACTIV project (Baumert, Kunter et al., 2010) or Ball et al. (2008). With the
MaTe test (Assessment of Mathematics PCK of pre-service primary Teachers) we aim at capturing
PCK both in the context of larger studies that allow for IRT modeling and in studies with smaller
sample sizes that map test scores according to Classical Test Theory. Furthermore, we were interested
in developing an economical test with regard to the number of items. All test items were therefore
constructed in single-multiple-choice format with one attractor and three distractors (see Figure 1).

Each item also contained the option “I do not know the answer”. Checking this option or a distractor
was coded O for incorrect in scoring, whereas choosing the attractor was coded 1 for correct in scoring.
The design process was organized in several phases. First, the authors and colleagues were trained
regarding the basics of test construction. Second, based on the framework described above, each
person composed items related to his or her area of research or teaching. Thereby, items from former
exams, from the literature used for teacher education, or from published items from other research
projects served as a basis for the item construction. A total of 110 items were constructed. Third, an
internal round of review by the project team was conducted, finally leading to identifying 59 items
that satisfied the content and formal requirements of the test construction. Fourth, the item pool of 59
items was examined by experts with regard to the quality of content representation at the item level.
Items that could not be certified as having sufficient content representation were eliminated. Finally,
the remaining 44 items were analyzed for their empirical quality in a pilot study with n = 314



prospective primary school teachers at two universities. Based on the piloting results, 24 items were
selected for the test.

You would like to discuss the cardinal number aspect of natural numbers in your class. Which situation is very suitable
for explaining this to the students?

Cem runs a race against four friends. He finishes ahead of Tom and Maria, but behind Clara. What is his finishing
position? (Distractor 1)

Azra lives two kilometers away from school. Maja lives three kilometers away in the opposite direction. How far is it
from Azra to Maja? (Distractor 2)

The post office uses postal codes to deliver items to the correct city. How do these differ? (Distractor 3)

Anna is supposed to buy four apples and five pears for her father. How many items of fruit should she bring? (Attractor)

Figure 1: Example of the MaTe-test. An item of the dimension Students' learning and understanding
Relation of the PCK test to other educational variables

The overarching goal of the present study was gathering empirical evidence by a comprehensive
validation. In accordance with Kane's (2013) argumentation-based approach to validation, we
pursued the following overarching research question:

RQ: Do the MaTe test scores show differential relationships to other variables?

We tested several hypotheses within the evidence category relationships to other variables. In order
to use the results of the MaTe test in the sense of a proxy for pedagogical content knowledge, it must
be shown that there are correlations between the MaTe test score and constructs related to PCK.
According to the theoretical conceptualization, it can be assumed that pre-service primary teachers
acquire their PCK throughout the course of their university studies and that this acquisition is
convergently or divergently related to achievements from their school years. Based on theoretical
assumptions (Ball et al. 2008; Shulman 1986), a convergent relationship between CK and PCK can
also be postulated. Studies indicated that these facets tend to be highly correlated. For instance, Voss
et al. (2011) found CK and PCK of pre-service secondary teachers highly correlated with r = .91 and
Blomeke, Jenl3en et al. (2015) identified for the CK and PCK of prospective early childhood teachers
a latent correlation of r =.73. In another study, Blémeke et al. (2010) revealed a manifest correlation
of r = .62 for preservice primary teachers’ CK and PCK. The magnitude of this correlation indicated
that the two constructs differ not only theoretically but also empirically. Accordingly, we postulate
the following hypothesis:

(@) The MaTe test scores are highly positively related to pre-service primary teachers’ CK.
Considering the evidence for pre-service teachers in Germany and specifically the study results of
Blomeke et al. (2010), we assume a correlation not above .9 but rather around .6.

Our next hypotheses refer to the theoretical assumption that cognitive constructs are generally
interrelated among learners (Rindermann, 2007). That is, domain-specific variables (e.g., grades in
mathematics) should show a correlation with the MaTe test scores, whereas variables of other
domains (e.g., grades in German) or variables comprising a variety of domain-specific and domain-
distant achievements (e.g., average high school diploma) should show divergent correlations. Given
that higher grades represent lower achievement, the following hypotheses can be stated:



(b) The MaTe test scores show positive correlations with the last school grade in mathematics. This
assumption reflects the domain specificity of the MaTe test with respect to content. However, since
the school grade in mathematics does not reflect any PCK, no strong correlation is assumed.

(c) The MaTe test scores have no to small positive correlations with the last school grade in German.
This assumption can be justified by the fact that the last school grade in German can be seen as a
proxy for language competence and reading comprehension and that test items on professional
knowledge usually contain longer text sections. Since the MaTe test does not include case vignettes
or longer situation descriptions, we assume that the correlation may be small at most.

(d) There are no to small positive correlations with the average grade in the Abitur (high school
diploma in Germany). Studies indicate correlations between knowledge tests and the average Abitur
grade of student teachers (e.g., Kleickmann et al. 2013). Since the MaTe test is intended to capture
knowledge that is not acquired during schooling and the baccalaureate average score nevertheless
includes a bundle of cognitive skills, we assume no correlation or at most a small correlation for the
two variables.

The program usually lasts six semesters for the bachelor's degree and four semesters for the master's
degree. Based on the theoretical conception of professional knowledge, it can be deduced that as the
number of semesters at university increases, professional knowledge also increases. Therefore, the
following hypothesis can be formulated:

(e) MaTe test scores are positively related to the number of semesters.
Methods

To test the hypotheses, n = 440 pre-service primary teachers at one university filled out the MaTe
test, the majority (80.1%) of participants were female (19.4% male, 0.5% diverse). Participants were
recruited from all semesters of teacher education, but were at least in their 3rd semester (Mean (M)
= 4.92, Standard deviation (SD) = 1.64). This is also reflected in the spread of age (M = 24.40, SD =
5.90). Participants completed the 24 MaTe test items online. The students did not receive any
compensation for their efforts and participated in the survey voluntarily.

Since not all participants of the total sample completed all instruments, subsamples were examined
to test the different assumptions. Subsample 1 included n1 = 223 pre-service primary teachers and
was used to test hypothesis (a). The participants came from one lecture at the end of the bachelor’s
program and thus had already participated in courses on subject-specific and didactical content of
arithmetic, geometry, and stochastics. Subsample 2 consisted of n2 =217 pre-service primary teachers
and was used to test assumptions (b) — (e). The majority of participants were in the bachelor’s program
(85%), and the minority in the master’s program (15%). In terms of gender ratio and age distribution,
the two subsamples did not differ descriptively from the overall sample.

All participating pre-service teachers completed all 24 items of the MaTe test. Participants in
subsample 1 additionally completed the KomMa-MCK test to assess their CK (Blémeke, JenfRen, et
al., 2017). This test was originally intended to assess the content knowledge of early childhood
teachers, but it was constructed at the level of primary teachers. Accordingly, the suitability of the
test for pre-service primary teachers could be supported in a previous study (Dunekacke et al., 2014).



Also, KomMa-MCK was found to provide test scores that can be empirically distinguished from
general cognitive abilities (JenRen et al., 2019). The test comprises 22 items in a single-multiple-
choice and open-response format and measures CK in four different content areas (arithmetic;
geometry; stochastics; and quantities, patterns, and structures), considering process-related
competences (reasoning; representing; modeling; problem solving; and communicating). Two items
were not used because a digital implementation was not possible. In addition to the MaTe test scores
and the number of semesters, we collected information about participants’ last school grade in
mathematics, last school grade in German, and Abitur grade for participants in subsample 2. Both the
two tests and the collection of the additional variables were conducted online using LimeSurvey
software. The students had no time constraints.

In order to investigate the hypotheses, participants’ ability parameters were correlated with the values
of the respective variables. In our analysis of the correlations between the MaTe score and the school
grades, the scaling for school grades commonly used in Germany was changed: Instead of “1-very
good” to “6-insufficient”, we used “1-insufficient” to “6-very good” (Mplus 8 software, Muthén and
Muthén, 2017) for the analyses. The analyses with Mplus allowed for accounting missing values
according to the Full Information Maximum Likelihood method.

Results

Table 1 shows the descriptive results for the investigated variables. Table 2 shows the correlations of
these variables with the MaTe test score. It can be seen that hypothesis (a) (high positive correlation
with CK) can be considered confirmed. Likewise, the data supports hypothesis (b) (medium positive
correlation with the last school grade in mathematics) and hypothesis (e) (positive correlation with
semester number). However, no evidence was found for hypotheses (c) (small positive correlation
with the last school grade in German) and (d) (small positive correlation with the Abitur grade).

Table 1: Descriptive results

M SD
KomMa-MCK-test score 15.93 3.70
Last school grade in mathematics 2.46 1.02
Last school grade in German 2.33 0.83
Average Abitur grade 2.46 1.96

Table 2: Correlations of the variables with the MaTe test score

KomMa- Last  school | Last school | Average Semester
MCK-test grade in | grade in | Abitur grade
score mathematics German
MaTe-test 58 (p<.01) |.26(p<.01) 08(p=.09) |.05(p=.46) |.36(p<.01)
score




Summary and discussion

As recommended by the AERA, APA, and NCME (2014), in the following we conduct an integrative
review of the presented validity evidence. Our goal was to investigate whether the test score of the
MaTe test can be interpreted in terms of explanations. Explanation here means that the test scores
reflect the construct PCK of pre-service primary teachers.

With regard to the relationships to other variables, the test score showed consistent hypothesis-
compliant properties. The correlation pattern corresponded to the hypotheses formulated in advance.
In the case of the last school grade in German, our data suggested that the completion of the MaTe
test items is not associated with linguistic performance on part of the participants. Here, a validation
with a test for the measurement of linguistic competencies would be more appropriate in the future
in order to substantiate our findings. It is questionable whether the non-significant result with regard
to the Abitur grade already shows that the MaTe test contains tasks whose content is not acquired in
school, and exclusively captured during university teacher education. Adding the found correlation
to the number of semesters, this assumption is supported, even when our study design does not allow
for falsification of this assumption (Hartig et al., 2020). Longitudinal studies would be needed in the
future to strengthen this validity argument.

Regarding the relevance of such a test, we would like to point out that the test can be applied in two
ways. First, the MaTe test can be used for evaluating students’ development over the course of their
studies. The small correlation with the last school grade in mathematics and the correlation with the
number of semesters indicates that the test captures knowledge that is acquired during university
studies. It can be used to track developments over longer periods of time. Second, as many studies,
especially qualitative studies on prospective mathematics teachers’ competencies, examine very
specific aspects such as diagnostic competence, they do not to provide information on teachers’
overall PCK. The MaTe test can thus be used as a covariate, or a proxy for participants’ PCK and
help to paint a comprehensive picture of teachers’ competencies.

Finally, we like to conclude by highlighting that a validation process is never complete (Kane, 2013;
AERA, APA, and NCME, 2014), as other inferences that have not yet been studied are always
possible. From our perspective, the following future validation strategies represent useful extensions
of the present study. At the item level, it may be interesting to investigate response processes in the
form of cognitive labs to analyze what specific PCK is used when working on the MaTe items (Padilla
& Leighton, 2017). Also, we could examine how results on the MaTe test specifically follow periods
of practice, as these are specific PCK learning opportunities that are considered to have large effects
for knowledge acquisition during undergraduate teacher education programs (Phelps et al., 2019).
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