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Abstract

Pedagogical Content Knowledge (PCK), introduced by Shulman [1], is crucial for teaching quality and
student outcomes [2]. Shulman [1], [3] highlighted PCK as the key difference between a subject matter
expert and an effective teacher, requiring both deep content understanding and the ability to implement
effective teaching strategies.

Since its introduction, PCK has been further reconceptualized and developed by several authors [4].
However, its elusive nature [5] makes it necessary to develop instruments that make it visible.
Developing robust tools to measure PCK is essential for improving teacher education programs. This
study details the development and validation of a rubric designed to measure the PCK of preservice
primary teachers.

The development of the PCK rubric followed a systematic process involving several key steps. First, a
comprehensive review of existing literature on PCK and related assessment tools was conducted. This
review provided a foundation for identifying the key dimensions of PCK relevant to preservice primary
teachers. Based on the literature review, the critical components of PCK were identified, including
curricular knowledge, knowledge about students, knowledge about teaching strategies, and knowledge
about assessment. For each dimension, specific performance criteria were established to capture the
range of preservice teacher capabilities.

The rubric's validation involved several phases to ensure its reliability and validity. An initial version of
the rubric was reviewed by a panel of education experts, whose feedback guided the refinement of
criteria and descriptors. The revised rubric was subsequently pilot tested with a sample of preservice
teachers, using two different instruments for assessment: i) CoRe (Content Representation) [6], which
requires preservice teachers to select and justify key ideas essential for teaching a specific topic; and
ii) lesson plans, specifically for a one-and-a-half-hour lesson on the respiratory system for third-grade
students. The topic was chosen based on its familiarity to students, its abstract nature, and its inclusion
in the Portuguese curriculum [7].

Inter-rater reliability was assessed by having multiple evaluators use the rubric to score the same set of
teaching artifacts. The consistency of scores across different raters was analysed to ensure the rubric's
reliability. The validation process indicated that the PCK rubric requires further refinement to serve as a
valid tool for assessing PCK.
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1 INTRODUCTION

Understanding the knowledge base for teaching — the knowledge that a teacher needs for instruction — was
the driving force behind the introduction of Pedagogical Content Knowledge (PCK) as one of its seven
categories by [3]. For Shulman [3], PCK was that “special amalgam of content and pedagogy that is uniquely
the province of teachers, their own special form of professional understanding” and “represents the blending
of content and pedagogy into an understanding of how particular topics, problems, or issues are organized,
represented, and adapted to the diverse interests of learners, and presented for instruction” (p. 8).

Since [3] proposal, the construct has been developed, refined, empirically studied, and widely used in
teacher training, with most studies taking place in mathematics and science education [8], [9]. One
model widely adopted in science education was developed by [10]. For the authors of this model, PCK
constitutes a distinct domain of knowledge comprising five components: 1) orientations to science
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teaching; 2) knowledge and beliefs about curricula; 3) knowledge and beliefs about assessment; 4)
knowledge and beliefs about students’ understanding; and 5) knowledge and beliefs about instructional
strategies. This model extends Shulman’s conceptualization by emphasizing the inherent connection
between knowledge and beliefs, and also by introducing the first three components, which were not
initially considered.

Park and Oliver [11] refined the model proposed by [10], creating the well-known hexagon model.
According to authors of the hexagon model, PCK is idiosyncratic, and its development arises from both
knowledge acquisition and knowledge use (knowledge-in-action and knowledge-on-action). As [12]
state, “it is unlikely that teachers acquire PCK first, and then enact it” (p. 278). Another component of
this model is teacher efficacy, or “teachers’ beliefs in their ability to affect student outcomes” (ibid.).
Finally, this model highlights the importance of teachers’ understanding of students for the development
of PCK, particularly that “teachers’ understanding of students’ misconceptions appeared to be a primary
factor that influenced the teachers’ PCK” (ibid.).

While theoretical and empirical research has led to a proliferation of PCK conceptualizations [13], [5], in
the field of science education, efforts to find common ground to foster the use of PCK and allow for the
comparison of results have increased in recent years, with emphasis on two major events: the 1st and
2nd PCK summits held in 2012 and 2016, respectively [4] and [14]. The Refined Consensual Model
(RCM) emerged as a major outcome. This model consists of five components: three related to
knowledge and skills in 1) curricular saliency, 2) conceptual teaching strategies, and 3) students’
understanding of science. Additionally, it incorporates the integration of PCK components with
pedagogical reasoning. The RCM is a dynamic model in which researchers identified personal,
collective, and enacted realms of PCK and their interrelations.

Given the complex nature of PCK, one of the main challenges lies in the lack of a clear definition, which
makes it difficult to specify the construct for assessment and, subsequently, to determine appropriate
assessment methods. Another challenge in assessing PCK is its tacit nature, as teachers are often
unaware of the knowledge they possess [15]. Furthermore, teachers may be unable or unwilling to
articulate their understanding of PCK because there is no language or structure that adequately
captures this knowledge [16], [17]. These factors occasionally make it difficult for researchers to elicit
PCK from teachers. Most importantly, PCK is specific to topic, context, and individual, making it
challenging to develop measures that are applicable across different topics, contexts, and teachers [15],
[18]. This complexity particularly contributes to the difficulty in establishing a normative framework for
comparing PCK among individual teachers working in different classroom settings.

Despite the inherent challenges in defining and assessing PCK, efforts to develop reliable methods for
its evaluation continue to be crucial. The complexity of PCK, coupled with its context-specific nature,
has led researchers to explore various tools for assessment. One such tool is the use of scoring rubrics,
which rests on the widely accepted assumption that PCK can be measured along a continuum from
weak to strong [19].

This paper is part of a larger project (IPL/IDI&CA2023/PCK-PST/ESELx) aimed at examining the
development of PCK during the initial training of primary teachers, with the goal of identifying the factors
or conditions that contribute to this development. Specifically, we present the development of a scoring
rubric to assess elementary preservice teachers' PCK.

2 METHODOLOGY

The development of the PCK rubric followed a structured, multi-step process. It began with a
comprehensive review, by two of the authors, of the literature on PCK and relevant assessment tools,
which informed the selection of instruments for data collection. Key factors, such as the specific PCK
components to be evaluated, the timing of assessments throughout the master's program, and the
suitability of the instruments, were carefully considered. This review also provided a foundation for
identifying the essential PCK components for preservice primary teachers, ensuring that the rubric
captured the most critical elements of PCK.

The next step, closely linked to the initial review, involved examining existing rubrics used to assess
PCK through data collection tools similar to those selected earlier. This analysis, along with a detailed
examination of the collected data, guided the creation of a new rubric tailored to the study's needs.

To ensure the rubric’s reliability and validity, it underwent a thorough validation process. An initial version
was reviewed by a panel of education experts, the authors, whose feedback led to the refinement of the
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criteria and descriptors. The revised rubric was subsequently pilot tested with a sample of preservice
teachers. Multiple evaluators used the rubric to score the same set of teaching artifacts, allowing for an
analysis of inter-reliability between coders.

According to [20], inter-rater reliability (IRR) "provides a way of quantifying the degree of agreement
between two or more coders who make independent ratings about the features of a set of subjects” (p.
1). Following [20] recommendations, several decisions were made to assess the inter-rater reliability of
the rubric. First, we decided that a subset of preservice teachers would be rated by multiple coders, with
the remainder rated by single coders. Second, the subjects rated by multiple coders were rated by the
same set of coders (fully crossed design), allowing for systematic bias between coders to be assessed
and controlled in the IRR estimate, in order to improve overall IRR estimates. Third, we conducted
extensive training before coding subjects from the actual study.

Given that the data used in this rubric are ordinal, the intra-class correlation (ICC) was the statistic used
to assess IRR. Unlike Cohen’s kappa, which quantifies IRR based on all-or-nothing agreement, ICCs
consider the magnitude of disagreement, with larger disagreements resulting in lower ICC values [20].

The selection of ICC parameters was guided by the study’s design and the specific type of agreement
we aimed to capture. In this study, the following ICC variants were chosen: i) two-way model, since the
same raters evaluated all subjects, making it suitable for assessing both consistency and absolute
agreement across raters; ii) mixed effects model, as coders were not randomly selected, the analysis
focused on assessing the degree of agreement within the specific context of this study, rather than
generalizing the results to a broader population of coders; iii) consistency type, because our main
objective was to evaluate the consistency of coder ratings, focusing on how higher ratings by one coder
corresponded with higher ratings by another, rather than requiring exact agreement in absolute values;
iv) single measures unit, for the reason that the focus was on the reliability of individual ratings rather
than the average across raters.

Moreover, since multiple variables were rated for each preservice teacher, separate ICC analyses were
conducted for each variable. The interpretation of ICC values followed [21] commonly cited cutoffs for
qualitative ratings of agreement: poor (<.40), fair (.40-.59), good (.60-.74), and excellent (.75-1.0).

3 RESULTS

3.1 Selection and Implementation of Data Collection Instruments to Map PCK
Development

The selection and application of data collection instruments was a crucial process that demanded careful
consideration, particularly with regard to the PCK components to be assessed, the timing of
assessments throughout the master's program, and the choice of instruments. It's important to
emphasize that these factors were not addressed in isolation; while the decisions will be presented in
sequence, the actual process was highly iterative, with each decision shaping and refining the others in
a dynamic, interconnected manner.

The literature review identified the key dimensions of PCK as curricular knowledge, knowledge about
students, knowledge about teaching strategies, and knowledge about assessment. These critical
components, widely recognized in PCK research, formed the foundation for evaluating PCK in this study.

Regarding the assessment timeline, although the goal was to map PCK development throughout the
master program, we had to address a key concern: respondent burden. Response fatigue, resulting
from the cognitive load and time required to complete the measurement tasks, can lead to lower
response rates and incomplete data, ultimately reducing the richness and quality of the data. To mitigate
this, we opted to collect data at three key points: at the beginning of the 2021/2022 academic year,
corresponding to the start of the professional master's program; at the beginning of the 2022/2023
academic year, corresponding to the start of the second year of the same master's program; and after
the end of the 2022/2023 academic year, following the participants' graduation.

For the selection of instruments, various factors were considered. As [22] highlight, individual interviews,
while widely used for PCK data collection, are time-consuming and costly for both participants and
researchers. Although we recognize the importance of interviews, we chose to conduct them only at the end
of the program, aiming to identify the factors that participants believed had influenced their PCK development.
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Recent findings [22] suggest that lesson plans (LP), being integral to teachers' daily practice, offer an
accessible and cost-effective means of collecting PCK data from large samples, which aligns with our
objectives. However, it also became evident that relying solely on LPs would be insufficient to capture
the full depth and complexity of PCK. Therefore, in response to these conclusions, we decided to use
two complementary instruments: CoRe (Content Representation) and LP.

The CoRe (Content Representation) tool [6] requires future teachers to select key ideas they believe
are essential for students to learn a specific curricular topic. For each idea, participants explain its
importance, provide the rationale for their pedagogical choices, consider students' understanding, and
outline methods for assessing learning outcomes.

Thus, and following the approach of [7], we asked participants to design a 90-minute lesson plan for a
3rd-grade class on the topic of the respiratory system. This topic was chosen based on three criteria: its
familiarity to students, its abstract nature, and its inclusion in the Portuguese curriculum. They were also
asked to complete a CoRe on the same subject. Together, these instruments provided a comprehensive
view of participants' PCK development.

3.2 Rubric analysis

The development of rubrics for measuring PCK is a relatively recent advancement, even so several
options are already available. While using established research tools is generally considered best
practice when assessing a well-researched topic like PCK, much of the existing literature presents tools
that emphasize different aspects of PCK, often interpreted in diverse ways. Furthermore, it is essential
to recognize that the analysis of a rubric cannot be separated from the examination of the instruments
used to collect the data on which the rubric will be applied. So, based on previous decisions, rubrics
focused on enacted PCK were excluded from consideration, as the project concentrated solely on PCK
knowledge. In this context, two rubrics were analysed in greater detail, along with the instruments used
to gather relevant data, namely the one reported by [23] and other by [24]. Both rubrics failed to
accomplish our criteria. The former accomplish to measure only two PCK components and the latter
rely heavily on individual interviews.

3.3 Rubric development: Descriptors

Based on the analysis of the rubrics conducted in the previous step, it seemed more appropriate to
develop a rubric specifically tailored to the needs of our project.

For each dimension present in each of the four PCK components, specific performance criteria were
established to capture the full spectrum of PST capabilities. Considerable effort was made to
meticulously detail each aspect across all levels of the rubric.

The initial version of the rubric was subsequently reviewed by a panel of education experts, the authors,
whose feedback was crucial in refining the criteria and descriptors. The second version (Table 1) was
then employed to calculate the inter-rater reliability among coders. IRR was assessed using a two-way
mixed, consistency, average-measures ICC to assess the degree that coders provided consistency in
their ratings of empathy across subjects (Table 2).

The ICC values for the curriculum component are moderate, with goals (0.400) and curricular sequence
(0.381) indicating some agreement but suggesting room for improvement in clarity and specificity.

In the component knowledge about students, there is a wide range of agreement. Alternative
conceptions (0.692) and difficulties and common errors of students (0.770) show strong agreement,
indicating that these areas are more clearly defined. However, two dimensions present particular
challenges: prerequisites and variations in approaches to learning. For prerequisites, all coders
assigned preservice teachers a level 1 rating. While one might expect lower levels of the rubric to have
higher frequencies, this result requires more detailed analysis. It is possible that the way the instruments
were applied does not allow for adequate data collection on this aspect, or it could be related to the fact
that we are dealing with future teachers, indicating that this dimension may be underdeveloped in initial
teacher training.
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Table 1. Second version of the rubric.

Component| Dimension Level 1 Level 2 Level 3 Level 4
The teacher The teacher presents | The teacher The teacher presents at
does not at least 1 appropriate | presents atleast2 | least 2 appropriate
present objective (e.g. appropriate objectives, and the
objectives, or appropriate to the objectives (e.g. justification shows
Goals the objectives | topic; age) appropriate to the relevant knowledge
are topic; age) (e.g- appropriate to the
disconnected topic; age)
from the
Curriculum topic/make no
knowledge sense
The teacher The teacher justifies | The teacher justifies | The teacher justifies the
does not make | the objectives in a too | the objectives by objectives by making
explicit any general making explicit 1 explicit more than 1
Curricular curricular way/mobilizes previous or previous or subsequent
sequence knowledge curricular knowledge | subsequent learning | learning predicted in the
implicitly (e.g. does predicted in the curriculum
not address very curriculum
complex concepts)
There is no There is reference to | There is reference to | There is reference to 1
reference to 1 or more pieces of | 1 or more pieces of | or more pieces of
necessary knowledge or skills knowledge or skills | knowledge or skills
Prerequisites knowledge or | necessary for necessary for necessary for learmning a
skills for learning, but they are | learning a specific specific concept of the
learning generic concept of the topic | topic, and it explains
why it is important
There is no There is reference to | There is an There is an
reference to the existence of explanation/descripti | explanation/description
Al . alternative alternative onof1or2 of 1 or 2 alternative
ernative . ; . .
conceptions conceptions conceptions, but alternatlye conceptlgns, and they
none are made conceptions, but are mobilized
explicit they are not
mobilized
Does not Indicates 1 or 2 Indicates 1 or 2 Indicates 1 or 2
Knowledge indicate students' common [ students' common | students' common
about . . students' difficulties/errors, but | difficulties/errors, difficulties/errors,
students Difficulties and , : . : .
common erors | €ommon they are generic specific to the topic spemﬁc to _the topic, and
of students difficulties/errors there is evidence that
the teacher
understands the origin
of the difficulties/errors
There is no There is 1 reference | There are 2 There is at least 1
evidence that | that students can references that reference that students
the teacheris | benefit from being students can benefit | can benefit from being
aware that exposed to different | from being exposed | exposed to different
Variations in students can approaches to the to different approaches to the
approaches to | benefit from same concepts approaches to the same concepts, and
learning being exposed same concepts there is evidence that
to different this knowledge is
approaches to mobilized for teaching
the same
concepts
The teacher The teacher refers to | The teacher refers to | The teacher refers to 3
does not refer to| 1 specific science 2 specific science or more specific science
Knowledge | Specific any specific teaching strategy teaching strategies | teaching strategies
about strategies/ science (experiments/scientifi | (experiments/scientifi | (experiments/scientific
teaching activities of the | teaching c practices; use of c practices; use of practices; use of
strategies topic strategy models; concept models; concept models; concept maps;

maps; ... cognitive
conflict)

maps; ... cognitive
conflict)

... cognitive conflict)
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The teacher The teacher The teacher The teacher mobilizes
mobilizes only | mobilizes at least 1 mobilizes only only activities that are
inappropriate activity/strategy that is| activities that are appropriate to the topic
Appropriateness | strategies for not appropriate to the | appropriate to the and justifies based on
of the strategies/ | the topic and/or | topic (so there are topic, but does not | how much they
activities insuchaway | appropriate and justify represent or clarify
mobilized that does not inappropriate ones, important information
promote regardless of the about the topic or
students' justification) associated scientific
learning concepts
The teacher The teacher refers to | The teacher refers to | The teacher refers to
does not refer to| 1 representation 1 representation more than 1
representations | correctly, but without | correctly and justifies | representation correctly
Representations or refers to them| justifying its its advantages and | and justifies its
incorrectly advantages and disadvantages in advantages and
disadvantages in supporting student | disadvantages in
supporting student learning supporting student
learning learning

There are no

There is a reference

There is a reference

There is a reference to

Assessment references to to 1 type of to 2 or more types of | 2 or more types of .
strategies assessment assessment strategy | assessment assessment strategies
strategies strategies that allow for student
self-assessment
Knowledge
about The teacher The teacher The teacher The teacher assesses
assessment does not assess | assesses only at one | assesses at more throughout the class
Purpose of moment than 1 moment, but | and with more than 1
assessment with only 1 purpose | purpose
(when and why) (diagnostic,
formative,
summative)

. Table 2. IRR was assessed using a two-way mixed, consistency, average-measures ICC.

Component Dimension icc
) . Goals 0,400
Curriculum saliency X
Curricular sequence 0,381
Prerequisites 0
Alternative conceptions 0,692
Knowledge about students ) )
Difficulties and common errors of students 0,770
Variations in approaches to learning 0,326
Specific strategies/activities of the topic 0,817
Knowledge about teaching strategies | Appropriateness of the strategies/activities mobilized | 0,706
Representations -0,333
Assessment strategies -0,103
Knowledge about assessment
Purpose of assessment (when and why) -0,067

High ICC values in the knowledge about teaching strategies component reflect robust agreement among
coders for specific strategies/activities (0.817) and appropriateness of strategies/activities (0.706),
signifying a strong understanding of these teaching elements. In contrast, the ICC value for the
representations dimension is notably low, suggesting significant discrepancies among coders. This may
indicate issues with the clarity of the rubric for this dimension or difficulties in interpreting and evaluating
this aspect consistently, highlighting the need for further refinement and training.

Conversely, both dimensions of knowledge about assessment — assessment strategies (-0.103) and
purpose of assessment (-0.067) — exhibit significant disagreement, highlighting inconsistencies in
coder interpretations and the need for clearer guidelines.

In summary, while some dimensions of the four components demonstrate strong reliability and
agreement among coders (e.g., alternative conceptions, difficulties and common errors, and specific
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strategies), others reveal significant inconsistencies that highlight areas for improvement in the rubric's
clarity and effectiveness.

4 CONCLUSIONS

Pedagogical Content Knowledge (PCK) is a critical component of teachers' expertise, and its
development is essential for enhancing teaching quality. However, PCK remains challenging to assess.
A common approach to measure PCK is through the creation of scoring rubrics. This paper outlines the
process of developing a scoring rubric tailored to evaluate PCK in a Portuguese master's program
designed to prepare preservice elementary teachers.

One of the primary aspects to emphasize is the diversity of existing instruments and rubrics. There are
instances where similar instruments are assigned different names or where the same term is used for
distinct procedures. This inconsistency is concerning, as it may hinder the development of knowledge
in the area of PCK.

The rubric development process involved several stages: instrument selection and data collection, the
creation of performance criteria for each PCK component (through iterative discussions and literature
review performed by the authors), and the calculation of inter-rater reliability among coders. While some
PCK components, such as knowledge about students and knowledge about strategies, demonstrated fair
to good inter-rater reliability, others, like curriculum saliency and knowledge about assessment, showed
poor reliability. Additionally, certain dimensions, such as representations, exhibited very weak agreement.

In relation to the rubric, it is important to note that low inter-rater reliability in some dimensions of PCK can
be attributed to a limited range, inadequately trained coders, or challenges in observing and quantifying
PCK. To address these issues, a new discussion session will be organized with all coders to deliberate on
whether to retain or eliminate dimensions and/or PCK components with low inter-rater reliability. If decision
is made to keep at least some of them, then we should discuss reasons for disagreements and refine
protocols. Additionally, a thorough review and retesting of the rubric is planned.

Ultimately, we believe that the output of the rubric, in conjunction with the process itself, will be highly
beneficial for teacher training. The development of the rubric has proven to be a significant framework
for discussing concepts and perceptions within a broader team involved in teacher education. Defining
the quality of PCK knowledge and exploring how it translates into planning is an enriching and relevant
endeavour. Furthermore, mapping PCK throughout initial teacher education can serve as a valuable
tool for making evidence-based decisions. For example, it can help identify the most effective strategies
for promoting the development of PCK during this critical period. Additionally, utilizing this instrument
offers an overview of the class, enabling the trainer to identify areas for collective improvement while
also addressing the individual needs of each student.
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