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ABSTRACT  
Pedagogical Content Knowledge (PCK) represents a core 
component of teachers’ professional knowledge and one of the 
strongest predictors of effective science instruction. This study 
examines how teachers’ Conceptual Knowledge (CK) relates to 
both their personal and enacted PCK among 13 in-service 
primary school teachers teaching the human body. An 
explanatory sequential mixed-methods design was employed, 
combining a CK test, an analytic PCK rubric, and pre- and post- 
lesson interviews supported by classroom video recordings. 
Results revealed a low correlation between CK and PCK, 
suggesting that they are distinct yet interrelated constructs. 
However, a functional conceptual threshold was identified, 
beyond which teachers were able to enact more coherent and 
scientifically grounded PCK. The qualitative analysis uncovered 
different patterns of CK–PCK articulation, ranging from routine- 
based strategies to reflective practices aimed at promoting 
students’ conceptual understanding. These findings reinforce that 
PCK develops not only through disciplinary mastery but also 
through sustained reflection and engagement in authentic 
teaching contexts. Implications are discussed for both preservice 
and in-service teacher education, highlighting the importance of 
integrating content learning with didactic analysis experiences 
that support the development and enactment of PCK across 
scientific topics and classroom situations.
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Introduction

Pedagogical Content Knowledge (PCK) refers to the knowledge teachers use to transform 
disciplinary content into meaningful learning opportunities (Shulman, 1987). It encom
passes not only what teachers know but also how they act on that knowledge and the 
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reasoning that guides their decisions (Baxter & Lederman, 1999). PCK develops dynami
cally through planning, instruction, and reflection (Park & Oliver, 2008), and has been 
recognised as a core component of teacher professionalism and effective science teaching 
(Magnusson et al., 1999; Shulman, 2015; Vergara et al. 2024).

Despite its centrality, PCK is rarely taught explicitly in initial teacher education. 
Research has produced diverse frameworks and assessment approaches (Henze & van 
Driel, 2015), yet most studies have focused on secondary teachers. As a result, the 
PCK of primary teachers – who introduce science during the most formative years – 
remains comparatively understudied.

The relationship between PCK and Conceptual Knowledge (CK) is particularly rel
evant in this context. Although strong CK does not automatically lead to effective teach
ing, a minimum conceptual foundation appears necessary for functional PCK to emerge 
(Magnusson et al., 1999; van Driel et al., 2014). This requirement is critical for primary 
teachers, who often display lower CK than their secondary counterparts (Appleton, 2003; 
Roth, 2014), constraining their ability to interpret scientific phenomena and support 
causal reasoning (Van Driel et al., 1998). International reviews consistently report a 
dual challenge in primary science teaching: limited disciplinary mastery and insufficient 
opportunities to develop subject-specific pedagogy (Roth, 2014).

Empirical evidence on how CK and PCK interact in practising teachers is scarce. Exist
ing research has largely focused on preservice teachers (Beyer & Davis, 2012; Nilsson & 
Loughran, 2012) and prioritised declarative PCK, offering little insight into how knowl
edge is enacted in classroom practice. Consequently, a persistent gap remains in under
standing how primary teachers integrate conceptual and pedagogical knowledge when 
planning, teaching, and reflecting on science topics.

In Chile, this issue is particularly salient, as primary teacher education programmes 
devote limited curricular time to science-specific pedagogy and opportunities for devel
oping pedagogical content knowledge, with an emphasis on general pedagogy over 
subject-specific teaching (Cofré et al., 2015). This limits the possibility of building 
strong foundations for science learning in the early grades, when attitudes and under
standings toward science are first shaped (Nilsson, 2017). Understanding the relationship 
between CK and PCK among in-service primary teachers therefore constitutes both an 
academic and a professional priority.

From this context, the present study sought to address the following research question:
What is the relationship between the conceptual knowledge (CK) and the pedagogical 

content knowledge (PCK) of in-service primary school teachers when teaching a specific 
topic of the human body?

To address this question, the study pursued four complementary objectives: 

(1) To develop and validate a PCK rubric that integrated both declarative and pro
cedural sources;

(2) To quantitatively examine the relationship between CK and PCK, identifying 
whether teachers with higher CK exhibit higher levels of PCK and whether a 
minimum CK threshold exists for functional pedagogical performance;

(3) To qualitatively analyse teachers’ pedagogical decisions – before, during, and after 
teaching – exploring how they articulate their PCK across different levels of concep
tual knowledge; and
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(4) To integrate quantitative and qualitative findings in order to characterize how CK 
and PCK interact in teaching practice and to derive implications for initial and con
tinuing teacher education.

Literature review

This section synthesises previous research on pedagogical content knowledge (PCK), 
conceptual knowledge (CK), and their relationship in primary science education, with 
particular attention to the challenges associated with teaching the human body.

PCK in science education

A broader field perspective shows sustained growth in PCK research, predominantly in 
secondary science and mathematics. A recent field synthesis (Santibáñez et al., 2025a) 
confirmed limited attention to primary schooling and to designs integrating both per
sonal and enacted PCK. This underscores the need for studies drawing on multiple 
data sources (e.g. lesson plans, interviews, classroom observations) and analysing 
teacher knowledge within specific curriculum topics (Chan et al., 2019; Kirschner 
et al., 2015; Park & Oliver, 2008).

Conceptual knowledge in primary science

For primary teachers, the relationship between CK and PCK is especially challenging. 
Many report limited science backgrounds and low confidence, often rooted in negative 
school experiences (Mensah, 2016). Their conceptual difficulties may mirror those of 
pupils (Hanuscin et al., 2018), and low self-efficacy can lead to avoiding science teaching 
(Appleton, 2006). Despite efforts to improve preservice and in-service programmes, sub
stantial gaps persist (Bullough & Smith, 2016; Lewis, 2019). In Chile, for example, only 
about 7% of coursework in primary teacher education is devoted to natural sciences – 
typically two disciplinary modules and one didactics course (Vergara & Cofré, 2008).

Evidence from a recent systematic review (Santibáñez et al., 2025b) shows that, despite 
limited preparation, primary teachers can transfer elements of PCK across curriculum 
areas, adapting knowledge structures and strategies to new domains. This suggests that 
strengthening CK relies not only on coursework but also on pedagogical reconstruction 
and accumulated experience. Yet findings on how teachers’ CK influences pupil learning 
remain inconsistent, raising an important question in the literature: what level of CK is 
sufficient for functional PCK in science teaching?

The CK–PCK relationship

The relationship between CK and PCK has been widely examined. CK is generally viewed 
as a necessary – though insufficient – basis for PCK development (Appleton, 2006; 
Nilsson, 2008): teachers need a sound grasp of scientific ideas to recognise pupils’ alterna
tive conceptions (Hanuscin et al., 2018). Yet high CK does not guarantee PCK, as teach
ing requires mobilising understanding in didactically productive ways (Lin, 2017). Some 
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studies suggest the existence of a minimum CK threshold supporting the emergence of 
PCK (van Driel et al., 2014), although its value may vary by context and topic.

Research in secondary education has clarified aspects of this relationship, whereas 
studies with in-service primary teachers remain limited (Meschede et al., 2017). 
Among primary teachers, CK and PCK seem to interact synergistically during early pro
fessional stages (Lee & Luft, 2008), with novices gradually integrating conceptual under
standing with general strategies and moving toward topic-specific reasoning (Nilsson, 
2008). This progression underscores the dynamic nature of PCK and its co-evolution 
with disciplinary understanding and reflective practice.

The Chilean context

These challenges become particularly visible in specific national contexts. In Chile, con
cerns about primary science teaching are closely linked to limitations in initial teacher 
education, particularly reduced opportunities to develop PCK. Natural science course
work has historically occupied a small proportion of preparation programmes: Cofré 
et al. (2015) found that less than 7% of courses addressed natural sciences, typically 
through only one or two disciplinary modules and a single didactics course. The two dis
ciplinary modules focused on strengthening teachers’ CK, while the didactics course 
addressed the development of PCK. This imbalance constrains both CK development 
and opportunities to integrate knowledge into practice.

National assessments reflect these limitations, as many graduates report feeling unpre
pared to teach science (Centro de Perfeccionamiento, Experimentación e Investigaciones 
Pedagógicas [CPEIP], 2020). Regulatory frameworks, such as the Standards for Perform
ance in Initial Teacher Education (CPEIP, 2022), position PCK as central to pedagogical 
preparation, yet implementation varies considerably across institutions.

The challenge is especially acute in primary schooling, where teachers act as general
ists. Weak disciplinary backgrounds limit their ability to interpret curriculum goals, 
respond to learners’ ideas and build a coherent PCK base – issues also highlighted inter
nationally (Nilsson, 2017). Strengthening CK and its pedagogical transformation is there
fore a key priority.

Within this context, the relationship between CK and PCK among in-service primary 
teachers remains underexplored. Such approaches, combining objective measures of CK 
with qualitative analyses of enacted PCK, may contribute to informing programme 
design and advancing understanding of science teacher professionalism.

Teaching the human body

The human body is a central axis of the primary science curriculum, integrating ideas 
from health, biology and the study of living systems. Yet research on its teaching is 
less extensive than in other biological domains (Cofré et al., 2023). Scholars emphasise 
the need to address it as a complex system rather than as a collection of isolated ‘appa
ratuses’ (Ben Zvi Assaraf & Snapir, 2018).

Teaching this topic presents multiple challenges. Pupils hold persistent alternative 
conceptions about organ location and function (Allen, 2010; Driver, 1994) and often 
adopt teleological explanations (Jaakkola & Slaughter, 2002). Difficulties in 
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understanding interactions – particularly among circulatory, respiratory and digestive 
subsystems – are well documented (Ben Zvi Assaraf et al., 2013) and may be reinforced 
by simplified textbook representations (Carvalho et al., 2004).

These challenges require teachers to mobilise substantive CK and PCK through mod
elling, practical activities and conceptual discussion. Yet research shows that teachers 
often rely on engaging but conceptually limited tasks (Appleton, 2006). Although the 
human body is familiar and tangible, its teaching demands strong integration of disci
plinary and pedagogical knowledge.

As one of the ‘big ideas of science’, it offers a rich context for examining how teachers 
translate complexity into meaningful learning opportunities (Harlen, 2010). In the litera
ture, this topic has been used as a representative case for analysing personal and enacted 
PCK, offering insight into how pedagogical decisions evolve when CK is limited or 
fragmented.

Taken together, these strands of research highlight the complexity of the CK–PCK 
relationship and the need for integrative approaches that account for both conceptual 
understanding and pedagogical reasoning. The following section outlines the theoretical 
framework guiding this study.

Theoretical framework

Building on this body of research, the present study adopts a theoretical framework that 
conceptualises PCK and CK as dynamic and interrelated forms of teacher knowledge, 
emphasising their articulation in practice through personal and enacted dimensions.

Conceptualising PCK and CK

Building on Shulman’s (1986, 1987) initial conceptualisation, PCK has been further 
developed to account for how teachers transform disciplinary content into teachable, 
topic-specific learning opportunities. It encompasses what teachers know, how they 
apply that knowledge in practice, and the reasoning that supports their decisions 
(Baxter & Lederman, 1999). Within science education, PCK has become a central con
struct for interpreting instructional quality, informed initially by Magnusson et al.’s 
(1999) model and later reframed through transformative and integrative perspectives 
(Gess-Newsome, 1999; Rollnick et al., 2008). Despite its widespread use, PCK has been 
characterised by conceptual ambiguity and lack of consensus regarding its structure 
and components (Kind, 2009).

Conceptual Knowledge (CK) refers to the depth, organisation and integration of ideas 
underpinning understanding within a scientific domain (Zeidler, 2002). It entails linking 
concepts meaningfully, recognising hierarchical relations and applying them to interpret 
phenomena (Biggs, 1992/2005).

Although disciplinary understanding is viewed as a prerequisite for PCK development 
(Nixon et al., 2019; van Driel et al., 2014), the relationship is increasingly understood as 
bidirectional, with engagement in PCK reorganising and strengthening CK (Roth, 2014). 
This reciprocal relationship aligns with more recent views of PCK as an emergent con
struct, arising through dynamic interactions between CK, pedagogical knowledge (PK), 
and classroom practice (Kind & Chan, 2019).
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Because PCK is topic-specific, knowledge developed for one domain does not auto
matically transfer to another: a teacher skilled in teaching the human body may function 
as a novice in ecology (Hanuscin et al., 2018). PCK arises through the situated interplay 
between topic-specific CK, pupils’ ideas and contextual conditions. Primary teachers 
therefore face the challenge of constructing and enacting PCK across multiple areas sim
ultaneously (Appleton, 2006), contributing to the fragmentation seen in their repertoires.

Several studies show that teachers often compensate for disciplinary uncertainty by 
developing pragmatic forms of PCK based on materials and ‘activities that work’ (Apple
ton, 2006; Smith, 1999). Although instrumental, this knowledge supports instruction 
under conceptual constraints. Some scholars conceptualise this process as epistemologi
cal reconstruction, whereby teachers progressively reinterpret disciplinary knowledge 
through practice and reflection (Porlán Ariza, 2018). These processes strengthen in col
laborative contexts where teachers share and adapt didactic principles (Nilsson, 2008).

In sum, the CK–PCK relationship follows a developmental trajectory in which con
ceptual mastery offers a foundation, yet PCK emerges through transforming that knowl
edge into action. This perspective guides the present study: examining a potential CK 
threshold linked to PCK levels and exploring how teachers mobilise knowledge to 
support pupils’ understanding.

Personal and enacted PCK

Recent developments – particularly the Refined Consensus Model – conceptualise PCK 
as dynamic, context-sensitive and inherently topic-specific (Carlson & Daehler, 2019). 
This framework distinguishes personal PCK, reflected in teachers’ articulated rationales, 
from enacted PCK, visible in their instructional decisions (Park & Chen, 2012; Schneider 
& Plasman, 2011), a distinction essential for examining how teachers mediate scientific 
ideas.

Taken together, contemporary models portray PCK as situated and developmental, 
becoming visible in both teachers’ articulated reasoning and their in-action decisions. 
This distinction between personal and enacted PCK provides a central analytical lens 
for examining how teachers mobilise conceptual knowledge in practice.

Measuring PCK in Practice

PCK has been examined through diverse tools and methodological approaches. Measure
ment efforts have traditionally drawn on Magnusson et al.’s (1999) model, from which 
several analytical adaptations have emerged to distinguish dimensions such as curricu
lum knowledge, student understanding, instructional strategies and assessment (Park 
et al., 2011; van Driel et al., 2014).

Developing valid measures remains complex. Many instruments focus on declarative 
PCK – what teachers articulate about planning or preferred instruction – but this rep
resents only part of the construct, as PCK becomes visible and transforms in the class
room (Hanuscin et al., 2018). Recent research therefore differentiates between 
personal and enacted PCK, consistent with the Refined Consensus Model (Carlson & 
Daehler, 2019).
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Analytical rubrics have become a productive strategy for integrating these dimensions. 
Building on Gardner and Gess-Newsome’s (2011) work, rubrics enable qualitative evi
dence to be translated into comparable scores while retaining close ties to practice. 
Their flexibility and reliability have led to widespread adoption (Chan et al., 2019), 
although many rubric-based studies rely on a single data source and emphasise only 
selected components of PCK. Scholars therefore recommend triangulating sources – 
including interviews and classroom observations – to capture both declarative and pro
cedural aspects of PCK (Morrison & Luttenegger, 2015).

In line with these recommendations, this study employs a mixed measurement strat
egy that integrates rubrics, interviews and video records to examine PCK in its declara
tive and enacted forms.

Analytical framework and study rationale

Within this framework, PCK in science is examined as a dynamic, situated form of 
knowledge that becomes visible both in teachers’ articulated rationales and in their class
room decisions. Contemporary models portray PCK as emerging from the interaction 
between conceptual understanding and pedagogical reasoning. Yet most empirical 
studies have examined PCK primarily through its declarative dimension. Bibliometric 
and systematic review evidence (Santibáñez et al., 2025a) highlights the scarce attention 
to how CK and PCK interact within actual teaching practice, particularly in primary 
education.

The relationships outlined above are synthesised in Figure 1, which represents the 
conceptual framework guiding this study. The model highlights the role of CK as a 

Figure 1. Conceptual framework of the study. The model represents the relationship between CK and 
PCK, highlighting a threshold condition for PCK emergence. It distinguishes between personal PCK 
(teachers’ reasoning) and enacted PCK (classroom practice), connected through reflective practice. 
The framework is situated within a topic-specific context (teaching the human body).
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condition for the emergence of PCK, and distinguishes between its personal and enacted 
dimensions, connected through reflective practice.

Methodology

An explanatory sequential mixed-methods design was employed, integrating objective 
measures of CK and PCK with qualitative analyses of their enactment. This design sup
ports the examination of how teachers’ knowledge is expressed across personal, enacted, 
and reflective dimensions.

Participants

A total of 110 Chilean primary teachers were invited to participate via an electronic form 
explaining the study and requesting consent to video-record a lesson on the human body, 
a topic in the national fifth-grade science curriculum. Thirteen teachers (10 women, 3 
men) from schools in central Chile agreed to participate voluntarily. Inclusion criteria 
were: (a) teaching the human body in fifth grade, (b) permitting audiovisual recording, 
and (c) participating in pre- and post-observation interviews. This sample was con
sidered adequate for an explanatory mixed-methods design involving exploratory stat
istical analysis and qualitative comparison.

Data collection

Two dimensions were examined: Conceptual Knowledge (CK) and Pedagogical 
Content Knowledge (PCK). Each teacher (a) completed a CK test, (b) planned a 
lesson on the human body, (c) was video-recorded during its implementation, and 
(d) participated in pre- and post-observation interviews. Evidence from these 
sources was integrated using an analytical PCK rubric (Gardner & Gess-Newsome, 
2011; Park et al., 2011) aligned with the components proposed by Magnusson et al. 
(1999): knowledge of curriculum, instructional strategies, assessment, and student 
understanding.

Instruments

Conceptual knowledge test
The CK test initially included 25 multiple-choice items on human anatomy and 
physiology, aligned with national standards for primary teacher education and the 
official primary science curriculum. Distractors reflected well-documented alterna
tive conceptions (Driver, 1994). Expert review ensured curricular alignment and 
appropriate difficulty. Following administration, three items were removed 
because they were answered correctly by all participants and therefore showed no 
discriminative capacity. A subsequent item analysis was conducted to examine 
internal consistency, and additional items with low contributions to reliability 
were excluded. The final version of the instrument included 16 items. Reliability 
was satisfactory (Cronbach’s alpha = .719; KR-21 > .70). The total score (0–16) 
served as the CK indicator.
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PCK assessment
PCK was assessed using three complementary sources: (a) a personal reflection guide 
based on the PRIME PCK Reflection (Gardner & Gess-Newsome, 2011), (b) pre- and 
post-observation interviews, and (c) video-recorded lessons.

Information was synthesised through a 15-indicator rubric across four performance 
levels (0–3), with a maximum score of 45. The rubric was theoretically grounded in estab
lished models of PCK (e.g. Magnusson et al., 1999; Park et al., 2011) and adapted from 
the PRIME PCK Reflection framework. Two additional indicators were incorporated to 
capture (a) teachers’ ability to sustain alignment with the intended curricular objective 
during instruction and (b) their responsiveness to students’ ideas during lesson 
enactment.

The rubric was reviewed by two experts in teacher education; 20% of cases were 
double-coded, achieving full inter-rater agreement.

The full CK test and PCK rubric are provided as Supplementary Material.

PCK reflection guide
Written reflections and interview responses probed teachers’ decision-making and ratio
nales related to lesson planning, implementation, and assessment. Questions were 
derived from the components of Magnusson’s model. Post-observation interviews 
explored the reasoning underlying observed actions and were fully audio-recorded, 
then selectively transcribed for thematic coding.

Video analysis
Classroom recordings were analysed with a focus on content mediation, teacher–student 
interactions, and evidence of student understanding. These observations informed the 
‘Implementation’ section of the PCK rubric and guided subsequent interview prompts.

Data analysis

Quantitative analysis
To examine the relationship between CK and PCK, CK scores were grouped into three 
levels (low, medium, high). A Kruskal–Wallis test was used to determine differences in 
PCK across these groups, followed by post-hoc comparisons to identify where significant 
contrasts occurred. A Pearson correlation was then computed to assess the linear inde
pendence between the two variables. Together, these analyses enabled the exploration of 
a potential functional CK threshold – that is, the point at which conceptual knowledge 
begins to support more integrated forms of PCK.

Qualitative analysis
Interview data and classroom recordings were analysed using a thematic–comparative 
approach (Braun & Clarke, 2019) to identify patterns in the articulation between CK 
and PCK. The unit of analysis comprised discourse segments or classroom episodes 
reflecting pedagogical decisions related to content.

Analysis proceeded in three stages: 
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(1) Initial coding, informed by the four components of Magnusson’s model and by the 
distinction between personal and enacted PCK (Carlson & Daehler, 2019).

(2) Axial grouping, enabling comparison across CK levels (low, medium, high) and the 
description of PCK progression within each group.

(3) Narrative synthesis, integrating emerging categories around four axes: CK–PCK 
articulation, personal PCK, enacted PCK, and pedagogical reflection–projection.

Credibility was strengthened through triangulation of data sources (interviews, videos, 
reflections) and inter-coder validation. Final interpretations were reviewed by an external 
expert in teacher education to ensure coherence with the theoretical framework.

Ethics

All participants provided informed consent. Video recordings and transcripts were anon
ymised using pseudonyms and stored in a secure repository in accordance with Chilean 
data-protection legislation.

Results

Quantitative results

General patterns
Scores on the human body CK test ranged from 5 to 16 points (M = 10). Only one teacher 
attained the maximum score, while five scored 8 or below. PCK scores ranged from 17 to 
35 (M = 25). Relative to their maximum possible scores (16 and 45), CK performance was 
slightly stronger than PCK performance (Figure 2).

Test reliability
Following item analysis, the 16-item version of the CK test showed acceptable reliability 
(Cronbach’s alpha = .719; KR-21 > .70). Only these 16 items were used in the statistical 
analyses.

Kruskal–wallis test
A Kruskal–Wallis test (Jamovi v.2.2) revealed no significant differences in PCK across the 
three CK groups (χ² = 3.25, p > .05). Pairwise comparisons also yielded no significant 
contrasts (Tables 1 and 2). The group mean plot (Figure 3) shows considerable 
within-group variability, precluding clear trends.

Correlation analysis
A low correlation was observed between CK and PCK (r = .42, p > .05). Teachers with 
higher CK did not consistently show higher PCK; however, all teachers with low CK dis
played low PCK (Figure 4).

Table 1. Kruskal–Wallis Test Comparing PCK Across CK Groups.
Variable χ2 df p ε2

PCK 3.25 2 0.197 0.271
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Qualitative results

CK–PCK articulation
Three progressive modes of CK–PCK integration were identified, reflecting differences in 
conceptual mastery and pedagogical sophistication.

Figure 2. Relationship between CK and PCK. The scatter plot (bottom left) shows individual teacher 
scores with the regression line indicating the overall trend. The plots on the diagonal represent the 
distribution of CK (top left) and PCK (bottom right) scores. The value in the upper right panel indicates 
the correlation between both variables (r = .418).

Table 2. Pairwise comparisons among CK levels.
Comparison W p

Low CK – Medium CK 0.178 0.991
Low CK – High CK 2.445 0.195
Medium CK – High CK 1.848 0.392
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Low CK – Compensatory functional PCK. Teachers compensate for limited disciplin
ary understanding through the use of concrete resources and sensory representations. As 
Patricia described, ‘I placed cookies on their desks … what we experienced was how the 

Figure 3. Distribution of PCK by CK level. Variability prevents significant group differences.

Figure 4. Relationship between CK and PCK, showing two clusters: low CK/low PCK, and medium to 
high CK with more varied PCK. Note: Two cases share identical CK and PCK scores and therefore 
overlap in the graphical representation.
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digestive process works … they could, in a way, feel the process,’ while Ana reported 
using ‘gloves, paint, and some modelling clay … the glove to simulate the intestinal 
villi, to make it more concrete so children could actually see what they are.’ Their expla
nations emphasise motivation and perceptual accessibility rather than causal reasoning. 
CK acts as a constraint: explanations remain superficial and centred on ‘making phenom
ena tangible’ rather than scientifically grounded.

Intermediate CK – Emerging conceptual–pedagogical integration. Teachers begin to 
link biological concepts with everyday experiences, activating causal reasoning and 
using multiple representations. As Karina explained, ‘students tend to mix together 
different ideas they have heard in order to make sense of what I am asking, and from 
there we try to identify the differences and the processes involved,’ using these initial con
ceptions as a starting point for instruction. Javier, for example, connects alveolar struc
ture with smoking, asking: ‘If the alveolus cannot do its job … what happens to the 
oxygen we need?’ Here, CK organises instructional decisions, supporting a procedural 
PCK that blends conceptualisation, dialogue, and experimentation.

High CK – Transformative and reflective PCK. Teachers with strong CK reconstruct 
disciplinary knowledge to guide learning. Doris warns that models ‘can lead to concep
tual error if not analysed,’ showing epistemological awareness; Cristian designs exper
iments to provoke cognitive conflict and promote inductive reasoning, for example by 
posing a problem in which ‘they have to help two children in a supermarket … one 
cannot eat lipids and the other cannot eat carbohydrates,’ encouraging students to for
mulate predictions and ‘then reach their own conclusions.’ PCK becomes a reflective 
transposition competence, using science as an object of inquiry.

Overall progression. Teachers with low CK rely on concreteness; those with inter
mediate CK integrate scientific ideas into explanations; those with high CK transform 
CK into a resource for pedagogical reflection. PCK develops when CK becomes an instru
ment for mediating understanding rather than a repository of strategies.

Personal PCK
Personal PCK – teachers’ purposes, beliefs and decision-making – showed a progression 
from experiential to reflective orientations. However, this evolution was not strictly 
linear: within the intermediate CK group, both sophisticated and more superficial 
forms of PCK coexisted, indicating diverse trajectories in the pedagogical appropriation 
of scientific knowledge.

Low CK – Intuitive, relational PCK. Teachers with low CK prioritised motivation, rel
evance and affective engagement. Patricia used a ‘cookie activity’ to shift students’ mind
sets so they ‘realise it really happens.’ Her aim was awareness rather than conceptual 
precision. In a similar vein, Elena asked students ‘in which structure the substances 
are being formed’ when working with a model of the digestive system, reflecting an 
attempt to link representations and processes, but also revealing imprecision in the 
underlying conceptual understanding. Decisions emerged from relational and experien
tial orientations rather than explicit content analysis, yet maintained a clear formative 
intent.

Intermediate CK – Heterogeneous personal PCK. Within the intermediate CK group, 
PCK presented a heterogeneous configuration, characterised by the coexistence of 
more integrated and more descriptive or experience-based approaches to teaching. 
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Some teachers – such as Kathy and Javier – integrated CK with pedagogical decision- 
making coherently. Kathy connected digestion with nutritional disorders and used 
videos ‘with simple language and humour,’ recognising the importance of emotional 
engagement. Javier used pulmonary physiology to promote causal reasoning and 
ethical reflection: ‘If the alveolus cannot do its job … what happens to the oxygen we 
need?’ Other teachers showed more empirical and descriptive forms of PCK. Karina 
focused on distinguishing terms, while Marcela grounded instruction in students’ every
day bodily experiences, explaining that she now tries to ‘find meaning in learning – not 
for me, but for them.’ This variation indicates that PCK development relies not only on 
disciplinary understanding but on teachers’ capacity to transform science into meaning
ful learning through reflection and justification.

High CK – Metareflective personal PCK. Among teachers with higher CK, personal 
PCK adopted a metareflective character, understood as the capacity to critically 
examine and intentionally transform one’s own pedagogical decisions in light of disci
plinary and epistemological considerations. Cristian combined modelling, experimen
tation and contextual problem-solving, emphasising student autonomy: ‘I’ve tried 
everything from lecturing to units where I’ve barely explained any content.’ Doris high
lighted the epistemological dimension of scientific models, noting that ‘they can lead to 
conceptual errors if not discussed.’ Both viewed teaching as investigative work, deliber
ately integrating disciplinary understanding with children’s thinking.

Overall, personal PCK unfolded along a continuum – from intuitive, experiential 
orientations to reflective transposition. At lower levels, science is taught as concrete 
and emotionally resonant; at intermediate levels, integration varies widely; and at 
higher levels, teachers engage in epistemological reflection on science teaching and 
learning.

Enacted PCK
Low CK – Situated, procedural action. Enacted PCK refers to knowledge in use – the 
decisions made during instruction to sustain or deepen understanding. Among teachers 
with low CK, enacted PCK manifested as situated knowledge focused on maintaining 
attention, pace and order. Patricia described her sequence (‘starting with a video, 
asking guided questions, closing with a quiz’) as a way to ensure lesson flow and com
pletion of goals. Similarly, Diana evaluated the success of her lesson in terms of task com
pletion, explaining that ‘they can identify and recognise each part … maybe we didn’t go 
into depth about each function … but they know how it is composed and where it is 
located.’ Her actions compensated for conceptual limitations through methodological 
structure and classroom management. At this level, strategies are coherent but function 
primarily to sustain activity rather than provoke scientific reasoning.

Intermediate CK – Adaptive but uneven performance, characterised by the ability to 
respond to students’ ideas in situ, but with inconsistent depth in the reconstruction of 
scientific meaning. In the intermediate group, teachers showed a growing capacity to 
adjust teaching in response to students’ ideas, though performance remained highly vari
able. Javier modified his lesson when he noticed that students associated smoking-related 
harm solely with the lungs, extending his explanation to the circulatory system: ‘I wanted 
them to realise it’s not just the lungs that are affected.’ His decision turned a misconcep
tion into an opportunity for causal reasoning.
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Conversely, Karina responded to students’ confusion between ‘eating’ and ‘nutrition’ 
by adjusting her explanation to ‘what they were mixing up.’ This displayed diagnostic 
sensitivity but did not achieve structural understanding. These contrasts indicate that 
conceptual mastery alone does not ensure reflective action: some teachers recontextualise 
science, whereas others fragment it into descriptive sequences.

High CK – Reflective pedagogical inquiry in action, understood as the capacity to trans
form emergent classroom situations into opportunities for collective knowledge con
struction through dialogue and epistemic reflection. Teachers with high CK and PCK 
demonstrated reflective pedagogical thinking while teaching. Cristian used an unex
pected student claim – ‘the kids thought a pear could be a lipid’ – to stimulate doubt 
and collective reasoning: ‘I tried to prompt them to question themselves, without 
having a specific answer myself.’ Doris used students’ drawings of the digestive system 
to discuss misconceptions, reminding them that ‘models can lead to conceptual errors 
if they aren’t analysed and discussed.’ In both cases, action became shared inquiry, 
using uncertainty and dialogue as tools to build scientific understanding.

Overall progression in enacted PCK. Enacted PCK illustrates that effective teaching 
depends not only on teachers’ knowledge but on how they mobilise it in the moment. 
At lower levels, action organises; at intermediate levels, it adjusts; at higher levels, it inter
prets and reconstructs. This progression suggests that enacted PCK develops not only in 
the capacity to act, but in the ability to interpret and transform classroom events through 
disciplinary and pedagogical reasoning.

Pedagogical reflection and projection
Pedagogical reflection constituted the space in which teacher knowledge was reorganised 
through experience. A progression was observed – from intuitive awareness to metacog
nitive review and intentional reconstruction of professional knowledge. At lower levels, 
reflection appeared as spontaneous responses to contingencies and student relationships; 
at higher levels, it became an analytical practice grounded in evidence, professional jud
gement and formative purpose.

Low CK – Intuitive, situational reflection. Among teachers with low CK, reflection 
emerged as a spontaneous, situational process. Amalia acknowledged that many of her 
decisions arose ‘in the moment,’ guided by emotional closeness with her group. Her 
reflection relied more on empathy than on systematic analysis and functioned as an adap
tive mechanism aimed at sustaining engagement. At this level, intuition substitutes for 
conceptual planning, and reflection serves an immediate regulatory rather than transfor
mative role.

Intermediate CK – Deliberate, improvement-oriented reflection. In the intermediate 
group, reflection took on a more deliberate, improvement-oriented character. Kathy 
identified how timing, student responses and comparisons across classes informed her 
decisions, noting that ‘the students’ opinions were very interesting, so I preferred to 
spend more time on them.’ Javier projected continuity in learning: ‘I think I can wrap 
it up in the next class when they explain their poster to me,’ demonstrating a sequential 
view of instruction. Marcela described a shift toward meaning-making: ‘What has 
changed is that I now try to find meaning in learning – not for me, but for them.’ 
Together, these teachers displayed a developing reflective PCK in which experience 
becomes a source of professional knowledge.
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High CK – Systematic, epistemological reflection. Among teachers with greater inte
gration of CK and PCK, reflection reached a systematic and epistemological level. Cris
tian evaluated his lesson with precision – ‘The class met about 80% of my expectations’ – 
while acknowledging evidence of learning through students’ predictions and embracing 
uncertainty: he aimed to ‘prompt them to question themselves without having a specific 
answer.’ Doris analysed the epistemic function of models, warning that ‘if they are not 
discussed, they can lead to conceptual errors,’ interpreting students’ representations as 
windows into their thinking. Both demonstrated metacognitive reflection that turns 
teaching into an object of inquiry.

Overall, pedagogical reflection evolved from intuitive reaction to systematic interpret
ation of practice. At lower levels it operated as affective adjustment; at intermediate 
levels, as self-evaluation and projection; and at higher levels, as epistemological 
inquiry. This trajectory shows that PCK development entails not only acting with knowl
edge but also thinking with and about it, integrating experience as a source of under
standing and continuous improvement.

To facilitate interpretation of the qualitative findings, Table 3 summarises the charac
teristic patterns identified across the four dimensions analysed (CK–PCK articulation, 
personal PCK, enacted PCK, and pedagogical reflection). The synthesis highlights how 
increasing levels of conceptual knowledge were associated with qualitatively different 
forms of pedagogical reasoning and practice, while also revealing the heterogeneous 

Table 3. Qualitative patterns associated with different levels of conceptual knowledge.
CK Level CK–PCK Articulation Personal PCK Enacted PCK Pedagogical Reflection

Low CK Compensatory 
functional PCK. 
Reliance on concrete 
resources and sensory 
representations. 
Scientific explanations 
remain superficial and 
focus on making 
phenomena tangible.

Intuitive, relational 
PCK. Decisions 
prioritise motivation, 
relevance and 
affective engagement 
rather than 
conceptual precision.

Situated, 
procedural 
action. Teaching 
focuses on 
maintaining 
attention, pace 
and task 
completion.

Intuitive, situational 
reflection. Reflection 
is spontaneous and 
responsive to 
immediate classroom 
contingencies.

Intermediate 
CK

Emerging conceptual– 
pedagogical 
integration. Biological 
concepts are linked to 
everyday experiences 
through dialogue, 
experimentation and 
causal reasoning.

Heterogeneous 
personal PCK. 
Coexistence of 
integrated and 
descriptive 
approaches; varying 
capacity to transform 
science into 
meaningful learning.

Adaptive but 
uneven 
performance. 
Teachers respond 
to students’ ideas, 
though depth of 
conceptual 
reconstruction 
remains 
inconsistent.

Deliberate, 
improvement- 
oriented reflection. 
Experience becomes 
a source of 
pedagogical 
adjustment and 
instructional 
planning.

High CK Transformative and 
reflective PCK. 
Disciplinary 
knowledge is 
reconstructed to guide 
learning and promote 
inquiry.

Metareflective 
personal PCK. 
Teaching decisions 
are critically examined 
and transformed in 
light of disciplinary 
and epistemological 
considerations.

Reflective 
pedagogical 
inquiry in action. 
Classroom events 
become 
opportunities for 
collective 
knowledge 
construction and 
epistemic 
dialogue.

Systematic, 
epistemological 
reflection. Teaching 
is analysed as an 
object of inquiry and 
professional 
knowledge 
development.
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trajectories that emerged once a minimum threshold of disciplinary understanding had 
been achieved.

Triangulation of results
The integration of quantitative and qualitative findings shows that the relationship 
between CK and PCK is complex and non-linear. Quantitatively, the low correlation 
and absence of significant group differences suggest that stronger CK does not automati
cally translate into more developed PCK. Qualitatively, however, three progressive trajec
tories were identified in which CK served as the structural basis for PCK, but its 
expression depended on teachers’ reflective capacity and didactic awareness.

This apparent discrepancy is resolved when recognising that PCK is not accumulated 
but transformed through practice: CK is reorganised through pedagogical action. Tea
chers with medium or high CK may therefore exhibit markedly different performances 
depending on the degree of reflective integration of their knowledge. Triangulation 
confirms that PCK development cannot be explained solely in terms of content, but 
through the dynamic interaction among knowledge, action and reflection. This under
scores the need for teacher education approaches that are mixed-methods, context-sen
sitive and that recognise PCK as situated professional knowledge.

Discussion

Structural relationship between CK and PCK

This study confirms the complex and non-linear nature of the relationship between Con
ceptual Knowledge (CK) and Pedagogical Content Knowledge (PCK) among primary 
teachers. Quantitatively, the low correlation and lack of significant group differences 
indicate that PCK does not increase proportionally with conceptual mastery. This 
partial independence aligns with Santibáñez et al. (2025b), where contextual, experiential 
and reflective factors repeatedly mediated the CK–PCK relationship. PCK thus appears 
less as an additive extension of CK and more as a transformative form of knowledge reor
ganised through pedagogical practice.

Qualitative evidence clarifies this structure. Teachers with limited CK rely on concrete 
strategies and perceptual representations, whereas those with intermediate or higher CK 
employ scientific understanding to support causal explanations, instructional decisions 
and reflective analysis. Yet within similar CK bands, PCK varies widely. This suggests 
functional thresholds rather than linear progressions: once a minimal conceptual base 
is reached, teachers diverge based on their opportunities to integrate knowledge 
pedagogically.

These findings echo Hamed et al. (2020), who showed that preservice teachers with 
comparable CK display different pedagogical performances depending on reflection 
and modelling experiences. Ahtee and Johnston (2006) likewise noted that disciplinary 
confidence shapes explanation quality and teachers’ willingness to address scientific 
content. Weak CK often leads to control strategies or oversimplification – patterns 
observed among low-CK participants here. Conversely, more structural disciplinary 
understanding supports the transformation of content into meaningful cognitive 
experiences.
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Evidence from Alake-Tuenter et al. (2012) reinforces this point: scientific competence 
depends not on the quantity of knowledge but on the ability to mobilise CK in inquiry- 
rich contexts. PCK develops by integrating conceptual and pedagogical knowledge in 
situated practice – the functional threshold also identified in this study.

Professional interaction further mediates this integration. Nilsson and Van Driel 
(2010) found that collaborative environments promote deeper CK–PCK articulation 
by prompting teachers to reinterpret disciplinary ideas through planning, teaching and 
collective reflection. Here, teachers with stronger PCK displayed such reflective 
capacities, identifying conceptual errors, interpreting students’ representations or recon
structing explanations based on emerging evidence. Lewis (2019) similarly showed that 
active experiences requiring teachers to think as both learners and mediators strengthen 
their epistemological understanding of science.

In sum, the CK–PCK relationship in primary education is neither causal nor pro
portional. CK functions as a necessary but insufficient condition: a certain conceptual 
threshold enables viable science teaching, but the shift toward reflective PCK depends 
on epistemological awareness, professional interaction and opportunities for situated 
reflection. Structurally, PCK emerges as a form of professional thinking that transforms 
scientific knowledge into pedagogical understanding – activated only when teachers inte
grate science, teaching and reflection coherently.

Mediating and epistemological processes in PCK development

The findings indicate that PCK develops through mediating processes that transform dis
ciplinary understanding into knowledge for teaching. Unlike the linear relationship 
between CK and PCK reported by Fukaya et al. (2025), the qualitative evidence here 
points to a more interpretative and situated dynamic. Both perspectives converge on 
one point: CK operates as a threshold. Only from a sufficient conceptual base can reflec
tive forms of PCK emerge. The distinction lies in how this transformation occurs – while 
Fukaya and colleagues describe cumulative progression, this study characterises it as 
epistemic reconstruction mediated by practice.

This interpretation aligns with Davis (2004), who argues that PCK arises from knowl
edge integration, whereby prior conceptions are reorganised around explanatory prin
ciples and teaching contexts. Such integration appeared among teachers who 
reinterpreted student misconceptions as windows into their thinking. An epistemological 
understanding of science – its tentative, explanatory nature – thus becomes the bridge 
between CK and PCK (Davis, 2004; Hanisch & Eirdosh, 2023).

Studies by Alake-Tuenter et al. (2013) and Lewis (2019) highlight that this integration 
requires formative experiences in which teachers engage with science as reflective 
inquiry. Teaching and learning science simultaneously foster metacognitive understand
ing that connects disciplinary ideas with pedagogical action. In this study, teachers who 
successfully linked biological phenomena to students’ experiences or questions exem
plified this inquiry-oriented professional thinking.

Corni et al. (2022) further show that problem-based practices support the reconstruc
tion of prior ideas and the appropriation of scientific epistemologies. Teachers with 
higher PCK here exhibited comparable processes, moving from descriptive explanations 
to functional interpretations.
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Thus, PCK emerges as a form of professional thought arising from the interplay of 
knowledge, inquiry and reflection. While quantitative analyses capture its relationship 
with CK, qualitative evidence shows how PCK consolidates when teachers teach to 
understand rather than merely to transmit what they know.

Formative implications for PCK development

The findings suggest that strengthening PCK among primary teachers requires 
opportunities that deliberately integrate conceptual knowledge, reflective practice, 
and collaborative inquiry. This echoes Appleton’s (2006) characterisation of 
primary science PCK as knowledge constructed ‘from practice toward understand
ing,’ through experimentation, adaptation, and the refinement of activities that 
work. However, such adaptation becomes limited when teachers lack sufficient disci
plinary grounding to transform experience into pedagogical insight (Appleton, 2006; 
Cobo-Huesa et al., 2022).

These findings carry particular implications for primary teacher education. Unlike 
secondary science teachers, primary teachers are expected to develop pedagogical 
expertise across multiple disciplines simultaneously, often through fragmented prep
aration programmes in which disciplinary and pedagogical learning remain separated. 
Our results provide support for more integrated approaches in which CK and PCK 
develop in interaction rather than in sequence. Consistent with previous research 
(Kind & Chan, 2019; Nilsson, 2008), the results suggest that a minimum conceptual 
threshold may be necessary for reflective forms of PCK to emerge, but that further 
PCK development depends less on the accumulation of additional content knowledge 
and more on opportunities to pedagogically reorganise and reinterpret existing 
understanding.

The study also has implications for in-service teachers working under conditions of 
limited time, curriculum pressure, and accountability demands. Under such conditions, 
professional development initiatives centred exclusively on new methodologies, technol
ogies, or disciplinary updating may have limited impact on science PCK if they are not 
accompanied by opportunities for pedagogical reasoning about content. Rather than 
adding new demands, PCK-oriented professional learning should be embedded within 
teachers’ existing instructional work.

A feasible approach, consistent with both the present findings and previous research 
on effective professional development (Desimone, 2009; Luft et al., 2022; Yang et al., 
2020), would involve short collaborative cycles in which teachers identify key scientific 
ideas, anticipate students’ likely interpretations and misconceptions, analyse represen
tations and explanatory models, implement instructional decisions, and subsequently 
examine evidence of student thinking to refine future teaching. Importantly, such pro
cesses may help teachers recognise not only what they know, but what additional disci
plinary understanding is required to support learning in particular topics.

Viewed from this perspective, PCK development does not depend on becoming a dis
ciplinary specialist before teaching science effectively. Rather, it depends on learning to 
think pedagogically with science: using conceptual knowledge as a resource for interpret
ing classroom events, making instructional decisions, and transforming teaching experi
ence into professional understanding.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 19



Integrative synthesis

The findings confirm that the relationship between Conceptual Knowledge (CK) and 
Pedagogical Content Knowledge (PCK) in primary teachers is neither linear nor cumu
lative, but a transformative process shaped by reflection, experience, and pedagogical 
mediation. CK operates as a threshold condition: when insufficient, it constrains the 
emergence of PCK; once a functional level is achieved, further development appears to 
depend less on the accumulation of additional content knowledge and more on oppor
tunities to reinterpret and mobilise existing knowledge pedagogically. Between these 
poles lies a range of intermediate trajectories in which PCK depends less on the quantity 
of knowledge possessed than on how it is transformed for teaching.

This interpretation provides empirical support for a phenomenon recognised in 
recent research frameworks – such as those synthesised by van Driel et al. (2023) – 
but rarely documented in practice: the transition between personal and enacted PCK. 
Although the Refined Consensus Model distinguishes these dimensions theoretically, 
few studies have analysed them simultaneously and within classroom contexts, particu
larly in primary education. The present study contributes to this gap by combining 
declarative and observational measures that capture how teacher knowledge is trans
formed during instruction.

The findings also carry implications for the distinctive conditions of primary teacher 
education. Unlike secondary teachers, primary teachers are expected to develop pedago
gical expertise across multiple disciplinary domains simultaneously, often under frag
mented preparation structures. The present results suggest that effective preparation 
may depend less on separating CK and PCK development and more on creating oppor
tunities for their continuous integration through practice, reflection, and analysis of 
student thinking.

A limitation of this study is that teaching experience was not systematically analysed as 
a variable. Although variation in experience was observed among participants, the study 
design focused on the relationship between conceptual knowledge and enacted PCK in 
specific teaching contexts. Future research could examine how teaching experience inter
acts with the development and enactment of PCK.

Taken together, these contributions outline an empirical model of PCK progression in 
primary teachers, evolving from functional and experiential forms of knowledge toward 
reflective and epistemic understanding. Rather than proposing a linear pathway, the 
study identifies conditions that appear to support this progression, including opportu
nities for pedagogical reflection, collaborative inquiry, and the reinterpretation of disci
plinary knowledge through practice. Understanding this dynamic is crucial for designing 
initial and continuing teacher education programmes that strengthen science teaching 
from its professional core: thinking pedagogically with and about science.

Ethics statement

All participants provided informed consent prior to data collection. Participation posed 
no risk, and permissions for classroom video recordings were obtained from the school 
leadership. At the time of data collection, no institutional ethics committee process was 
required for studies of this nature.

20 D. SANTIBÁÑEZ GÓMEZ ET AL.



Disclosure statement

No potential conflict of interest was reported by the author(s).

Use of generative artificial intelligence

ChatGPT (OpenAI, GPT-4, 2024) was used in a limited manner to assist with English 
language editing, word-count reduction, and preliminary organisation of qualitative cat
egories. All analyses and interpretations were conducted and validated by the authors.

Data availability statement

Data supporting the findings of this study are available from the corresponding author upon 
reasonable request. To protect participant confidentiality, raw video data cannot be shared.

ORCID

David Santibáñez Gómez http://orcid.org/0000-0001-7840-9138
Judith S. Lederman http://orcid.org/0000-0002-0515-9913
Alejandro Vega-Muñoz http://orcid.org/0000-0002-9427-2044
José C. Adsuar http://orcid.org/0000-0001-7203-3168

References

Ahtee, M., & Johnston, J. (2006). Primary student teachers’ ideas about teaching a physics topic. 
Scandinavian Journal of Educational Research, 50(2), 207–219. https://doi.org/10.1080/ 
00313830600576021

Alake-Tuenter, E., Biemans, H. J. A., Tobi, H., & Mulder, M. (2013). Inquiry-based science teach
ing competence of primary school teachers: A Delphi study. Teaching and Teacher Education, 
35, 13–24. https://doi.org/10.1016/j.tate.2013.04.013

Alake-Tuenter, E., Biemans, H. J. A., Tobi, H., Wals, A. E. J., Oosterheert, I., & Mulder, M. (2012). 
Inquiry-based science education competencies of primary school teachers: A literature study 
and critical review of the American National Science Education Standards. International 
Journal of Science Education, 34(17), 2609–2640. https://doi.org/10.1080/09500693.2012.669076

Allen, M. (2010). Misconceptions in primary science. Open University Press.
Appleton, K. (2003). How do beginning primary school teachers cope with science? Toward an 

understanding of science teaching practice. Research in Science Education, 33(1), 1–25. 
https://doi.org/10.1023/A:1023666618800

Appleton, K. (2006). Science pedagogical content knowledge and elementary school teachers. In 
Elementary science teacher education (pp. 31–54). Lawrence Erlbaum Associates, Publishers.

Baxter, J. A., & Lederman, N. G. (1999). Assessment and measurement of pedagogical content 
knowledge. In J. Gess-Newsome, & N. G. Lederman (Eds.), Examining pedagogical content 
knowledge (pp. 147–161). Kluwer Academic Publishers.

Ben Zvi Assaraf, O., Dodick, J., & Tripto, J. (2013). High school students’ understanding of the 
human body system. Research in Science Education, 43(1), 33–56. https://doi.org/10.1007/ 
s11165-011-9245-2

Ben-Zvi Assaraf, O., & Snapir, Z. (2018). Human biology. In K. Kampourakis & M. Reiss (Eds.), 
Teaching biology in schools: Global research, issues, and trends (pp. 62–73). Routledge. https:// 
doi.org/10.4324/9781315110158-6

Beyer, C. J., & Davis, E. A. (2012). Learning to critique and adapt science curriculum materials: 
Examining the development of preservice elementary teachers’ pedagogical content knowledge. 
Science Education, 96(1), 130–157. https://doi.org/10.1002/sce.20466

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 21

http://orcid.org/0000-0001-7840-9138
http://orcid.org/0000-0002-0515-9913
http://orcid.org/0000-0002-9427-2044
http://orcid.org/0000-0001-7203-3168
https://doi.org/10.1080/00313830600576021
https://doi.org/10.1080/00313830600576021
https://doi.org/10.1016/j.tate.2013.04.013
https://doi.org/10.1080/09500693.2012.669076
https://doi.org/10.1023/A:1023666618800
https://doi.org/10.1007/s11165-011-9245-2
https://doi.org/10.1007/s11165-011-9245-2
https://doi.org/10.4324/9781315110158-6
https://doi.org/10.4324/9781315110158-6
https://doi.org/10.1002/sce.20466


Biggs, J. B. (2005). Modes of learning, forms of knowing, and ways of schooling. In A. Demetriou, 
M. Shayer, & A. Efklides (Eds.), Neo-Piagetian theories of cognitive development: Implications 
and applications for education (pp. 30–51). Routledge. (Original work published 1992).

Braun, V., & Clarke, V. (2019). Reflecting on reflexive thematic analysis. Qualitative Research in 
Sport, Exercise and Health, 11(4), 589–597. https://doi.org/10.1080/2159676X.2019.1628806

Bullough, R. V., & Smith, L. K. (2016). Being a student of teaching: Practitioner research and study 
groups. In J. Loughran, & M. L. Hamilton (Eds.), International handbook of teacher education 
(pp. 305–351). Springer Singapore.

Carlson, J., & Daehler, K. R. (2019). The refined consensus model of pedagogical content knowl
edge in science education. In A. Hume, R. Cooper, & A. Borowski (Eds.), Repositioning peda
gogical content knowledge in teachers’ knowledge for teaching science (pp. 77–94). Springer 
Nature Singapore. https://doi.org/10.1007/978-981-13-5898-2_2

Carvalho, G. S., Silva, R., Lima, N., Coquet, E., & Clément, P. (2004). Portuguese primary school 
children’s conceptions about digestion: Identification of learning obstacles. International 
Journal of Science Education, 26(9), 1111–1130. https://doi.org/10.1080/0950069042000177235

Centro de Perfeccionamiento, Experimentación e Investigaciones Pedagógicas. (2020). Informe de 
resultados nacionales: Evaluación Nacional Diagnóstica de la Formación Inicial Docente 2019 
[National results report: National Diagnostic Evaluation of Initial Teacher Education 2019] 
(Informe rectificado, agosto 2020). Ministerio de Educación. https://www.cpeip.cl/wp- 
content/uploads/2020/08/Informe-Nacional-END-2019_rect.pdf

Centro de Perfeccionamiento, Experimentación e Investigaciones Pedagógicas. (2022). Estándares 
pedagógicos y disciplinarios para carreras de pedagogía en educación general básica [Pedagogical 
and disciplinary standards for primary teacher education programmes]. Ministerio de 
Educación de Chile. https://estandaresdocentes.mineduc.cl/wp-content/uploads/2023/05/ 
basica_2023_digital.pdf

Chan, K. K. H., Rollnick, M., & Gess-Newsome, J. (2019). A grand rubric for measuring science 
teachers’ pedagogical content knowledge. In A. Hume, R. Cooper, & A. Borowski (Eds.), 
Repositioning pedagogical content knowledge in teachers’ knowledge for teaching science (pp. 
253–271). Springer Singapore.

Cobo-Huesa, C., Abril, A. M., & Ariza, M. R. (2022). Conocimiento didáctico del contenido sobre 
naturaleza de la ciencia y pensamiento crítico en la formación inicial de profesorado de 
Primaria. Revista Eureka sobre Enseñanza y Divulgación de las Ciencias, 19(3), 1–15. https:// 
doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2022.v19.i3.3602

Cofré, H., González-Weil, C., Vergara, C., Santibáñez, D., Ahumada, G., Furman, M., Podesta, M. 
E., Camacho, J., Gallego, R., & Pérez, R. (2015). Science teacher education in South America: 
The case of Argentina, Colombia and Chile. Journal of Science Teacher Education, 26(1), 45– 
63. https://doi.org/10.1007/s10972-015-9420-9

Cofré, H., Vergara, C., Santibáñez, D., Núñez, P., & McComas, W. (2023). Teaching biology: What 
research says. In N. G. Lederman, D. L. Zeidler, & J. S. Lederman (Eds.), Handbook of research 
on science education (Vol. III, pp. 586–618). Routledge. https://doi.org/10.4324/9780367855758- 
23

Corni, F., Michelini, M., & Colletti, L. (2022). Training prospective primary and kindergarten tea
chers on electric circuits using conceptual metaphors. Education Sciences, 12(7), 457. https:// 
doi.org/10.3390/educsci12070457

Davis, E. A. (2004). Knowledge integration in science teaching: Analysing teachers’ knowledge 
development. Research in Science Education, 34(1), 21–53. https://doi.org/10.1023/B:RISE. 
0000021034.01508.b8

Desimone, L. M. (2009). Improving impact studies of teachers’ professional development: Toward 
better conceptualizations and measures. Educational Researcher, 38(3), 181–199. https://doi. 
org/10.3102/0013189X08331140

Driver, R., Squires, A., Rushworth, P., & Wood-Robinson, V. (1994). Making sense of secondary 
science: Support materials for teachers. Routledge.

Fukaya, T., Nakamura, D., Kitayama, Y., & Nakagoshi, T. (2025). A systematic review and meta- 
analysis of research on mathematics and science pedagogical content knowledge: Exploring its 

22 D. SANTIBÁÑEZ GÓMEZ ET AL.

https://doi.org/10.1080/2159676X.2019.1628806
https://doi.org/10.1007/978-981-13-5898-2_2
https://doi.org/10.1080/0950069042000177235
https://www.cpeip.cl/wp-content/uploads/2020/08/Informe-Nacional-END-2019_rect.pdf
https://www.cpeip.cl/wp-content/uploads/2020/08/Informe-Nacional-END-2019_rect.pdf
https://estandaresdocentes.mineduc.cl/wp-content/uploads/2023/05/basica_2023_digital.pdf
https://estandaresdocentes.mineduc.cl/wp-content/uploads/2023/05/basica_2023_digital.pdf
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2022.v19.i3.3602
https://doi.org/10.25267/Rev_Eureka_ensen_divulg_cienc.2022.v19.i3.3602
https://doi.org/10.1007/s10972-015-9420-9
https://doi.org/10.4324/9780367855758-23
https://doi.org/10.4324/9780367855758-23
https://doi.org/10.3390/educsci12070457
https://doi.org/10.3390/educsci12070457
https://doi.org/10.1023/B:RISE.0000021034.01508.b8
https://doi.org/10.1023/B:RISE.0000021034.01508.b8
https://doi.org/10.3102/0013189X08331140
https://doi.org/10.3102/0013189X08331140


associations with teacher and student variables. Teaching and Teacher Education, 155, 104881. 
https://doi.org/10.1016/j.tate.2024.104881

Gardner, A. L., & Gess-Newsome, J. (2011). A PCK rubric to measure teachers’ knowledge of 
inquiry-based instruction using three data sources. Paper presented at the Annual Meeting of 
the National Association for Research in Science Teaching, Orlando, FL.

Gess-Newsome, J. (1999). Pedagogical content knowledge. An introduction and orientation. In J. 
Gess-Newsome & N. G. Lederman (Eds.), Examining pedagogical content knowledge: The con
struct and its implications for science education (pp. 3–17). Springer Netherlands.

Hamed, S., Ezquerra, Á, Porlán, R., & Rivero, A. (2020). Exploring pre-service primary teachers’ 
progression towards inquiry-based science learning. Educational Research, 62(3), 357–374. 
https://doi.org/10.1080/00131881.2020.1780624

Hanisch, S., & Eirdosh, D. (2023). Developing teacher competencies for teaching evolution across 
the primary school curriculum: A design study of a pre-service teacher education module. 
Education Sciences, 13(8), 797. https://doi.org/10.3390/educsci13080797

Hanuscin, D. L., Cisterna, D., & Lipsitz, K. (2018). Elementary teachers’ pedagogical content 
knowledge for teaching structure and properties of matter. Journal of Science Teacher 
Education, 29(8), 665–692. https://doi.org/10.1080/1046560X.2018.1488486

Harlen, W. (2010). Principles and big ideas of science education. Ashford Colour Press.
Henze, I., & van Driel, J. (2015). Towards a more comprehensive way to capture PCK in its com

plexity. In A. Berry, P. Friedrichsen, & J. Loughran (Eds.), Re-examining pedagogical content 
knowledge in science education (pp. 120–134). Routledge.

Jaakkola, R. O., & Slaughter, V. (2002). Children’s body knowledge: Understanding ‘life’ as a bio
logical goal. British Journal of Developmental Psychology, 20(3), 325–342. https://doi.org/10. 
1348/026151002320620352

Kind, V. (2009). Pedagogical content knowledge in science education: Perspectives and potential 
for progress. Studies in Science Education, 45(2), 169–204. https://doi.org/10.1080/ 
03057260903142285

Kind, V., & Chan, K. K. (2019). Resolving the amalgam: Connecting pedagogical content knowl
edge, content knowledge and pedagogical knowledge. International Journal of Science 
Education, 41(7), 964–978. https://doi.org/10.1080/09500693.2019.1584931

Kirschner, S., Taylor, J., Rollnick, M., Borowski, A., & Mavhunga, E. (2015). Gathering evidence 
for the validity of PCK measures: Connecting ideas to analytic approaches. In A. Berry, P. 
Friedrichsen, & J. Loughran (Eds.), Re-examining pedagogical content knowledge in science edu
cation (pp. 229–242). Routledge.

Lee, E., & Luft, J. A. (2008). Experienced secondary science teachers’ representation of pedagogical 
content knowledge. International Journal of Science Education, 30(10), 1343–1363. https://doi. 
org/10.1080/09500690802187058

Lewis, A. D. (2019). Practice what you teach: How experiencing elementary school science teach
ing practices helps prepare teacher candidates. Teaching and Teacher Education, 86, 102886. 
https://doi.org/10.1016/j.tate.2019.102886

Lin, J.-W. (2017). A comparison of experienced and preservice elementary school teachers’ content 
knowledge and pedagogical content knowledge about electric circuits. EURASIA Journal of 
Mathematics, Science and Technology Education, 13(3), 835–856. https://doi.org/10.12973/ 
eurasia.2017.00646a

Luft, J. A., Navy, S. L., Wong, S. S., & Hill, K. M. (2022). The first 5 years of teaching science: The 
beliefs, knowledge, practices, and opportunities to learn of secondary science teachers. Journal 
of Research in Science Teaching, 59(9), 1692–1725. https://doi.org/10.1002/tea.21771

Magnusson, S., Krajcik, J., & Borko, H. (1999). Nature, sources, and development of pedagogical 
content knowledge for science teaching. In J. Gess-Newsome, & N. G. Lederman (Eds.), 
Examining pedagogical content knowledge (pp. 95–132). Kluwer Academic Publishers.

Mensah, F. M. (2016). Positional identity as a framework to studying science teacher identity. In L. 
Avraamidou (Ed.), Studying Science Teacher Identity: Theoretical, methodological and empirical 
explorations (pp. 49–69). SensePublishers.

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 23

https://doi.org/10.1016/j.tate.2024.104881
https://doi.org/10.1080/00131881.2020.1780624
https://doi.org/10.3390/educsci13080797
https://doi.org/10.1080/1046560X.2018.1488486
https://doi.org/10.1348/026151002320620352
https://doi.org/10.1348/026151002320620352
https://doi.org/10.1080/03057260903142285
https://doi.org/10.1080/03057260903142285
https://doi.org/10.1080/09500693.2019.1584931
https://doi.org/10.1080/09500690802187058
https://doi.org/10.1080/09500690802187058
https://doi.org/10.1016/j.tate.2019.102886
https://doi.org/10.12973/eurasia.2017.00646a
https://doi.org/10.12973/eurasia.2017.00646a
https://doi.org/10.1002/tea.21771


Meschede, N., Fiebranz, A., Möller, K., & Steffensky, M. (2017). Teachers’ professional vision, ped
agogical content knowledge and beliefs: On its relation and differences between pre-service and 
in-service teachers. Teaching and Teacher Education, 66, 158–170. https://doi.org/10.1016/j.tate. 
2017.04.010

Morrison, A. D., & Luttenegger, K. C. (2015). Measuring pedagogical content knowledge using 
multiple points of data. Qualitative Report, 20(6), 804–816. https://doi.org/10.46743/2160- 
3715/2015.2155

Nilsson, P. (2008). Teaching for understanding: The complex nature of pedagogical content 
knowledge in pre-service education. International Journal of Science Education, 30(10), 1281– 
1299. https://doi.org/10.1080/09500690802186993

Nilsson, P. (2017). Capturing science PCK through students’ experiences. In M. A. Peters, B. 
Cowie, & I. Menter (Eds.), A companion to research in teacher education (pp. 753–767). 
Springer Singapore.

Nilsson, P., & Loughran, J. (2012). Exploring the development of pre-service science elementary 
teachers’ pedagogical content knowledge. Journal of Science Teacher Education, 23(7), 699– 
721. https://doi.org/10.1007/s10972-011-9239-y

Nilsson, P., & Van Driel, J. (2010). Teaching together and learning together – primary science 
student teachers’ and their mentors’ joint teaching and learning in the primary classroom. 
Teaching and Teacher Education, 26(6), 1309–1318. https://doi.org/10.1016/j.tate.2010.03.009

Nixon, R. S., Smith, L. K., & Sudweeks, R. R. (2019). Elementary teachers’ science subject matter 
knowledge across the teacher career cycle. Journal of Research in Science Teaching, 56(6), 707– 
731. https://doi.org/10.1002/tea.21524

Park, S., & Chen, Y.-C. (2012). Mapping out the integration of the components of pedagogical 
content knowledge (PCK): Examples from high school biology classrooms. Journal of 
Research in Science Teaching, 49(7), 922–941. https://doi.org/10.1002/tea.21022

Park, S., Jang, J.-Y., Chen, Y.-C., & Jung, J. (2011). Is pedagogical content knowledge (PCK) 
necessary for reformed science teaching?: Evidence from an empirical study. Research in 
Science Education, 41(2), 245–260. https://doi.org/10.1007/s11165-009-9163-8

Park, S., & Oliver, J. S. (2008). Revisiting the conceptualisation of pedagogical content knowledge 
(PCK): PCK as a conceptual tool to understand teachers as professionals. Research in Science 
Education, 38(3), 261–284. https://doi.org/10.1007/s11165-007-9049-6

Porlán Ariza, R. (2018). Didáctica de las ciencias con conciencia. Enseñanza de las Ciencias. Revista 
de investigación y experiencias didácticas, 36(3), 5–22. https://doi.org/10.5565/rev/ensciencias. 
2795

Rollnick, M., Bennett, J., Rhemtula, M., Dharsey, N., & Ndlovu, T. (2008). The place of subject 
matter knowledge in pedagogical content knowledge: A case study of South African teachers 
teaching the amount of substance and chemical equilibrium. International Journal of Science 
Education, 30(10), 1365–1387. https://doi.org/10.1080/09500690802187025

Roth, K. J. (2014). Elementary science teaching. In N. G. Lederman & S. K. Abell (Eds.), Handbook 
of research on science education, volume II (pp. 361–394). Routledge. https://doi.org/10.4324/ 
9780203097267.ch19

Santibáñez, D., Vega, A., Cofré, H., Salas, N., & Adsuar, J. (2025a). Bibliometric analysis of ped
agogical content knowledge: Countries, authors, and fields of knowledge. Eurasia Journal of 
Mathematics, Science and Technology Education, 21(2), em2583. https://doi.org/10.29333/ 
ejmste/15953

Santibáñez, D., Vega-Muñoz, A., Vergara, C., & Adsuar, J.C. (2025b). Pedagogical content knowl
edge in primary education: A systematic review and cross-disciplinary synthesis of teacher pro
fessional knowledge. OSF. https://doi.org/10.17605/OSF.IO/U4DV2

Schneider, R. M., & Plasman, K. (2011). Science teacher learning progressions. Review of 
Educational Research, 81(4), 530–565. https://doi.org/10.3102/0034654311423382

Shulman, L. (1987). Knowledge and teaching:Foundations of the new reform. Harvard 
Educational Review, 57(1), 1–23. https://doi.org/10.17763/haer.57.1.j463w79r56455411

Shulman, L. S. (1986). Those who understand: Knowledge growth in teaching. Educational 
Researcher, 15(2), 4–14. https://doi.org/10.3102/0013189X015002004

24 D. SANTIBÁÑEZ GÓMEZ ET AL.

https://doi.org/10.1016/j.tate.2017.04.010
https://doi.org/10.1016/j.tate.2017.04.010
https://doi.org/10.46743/2160-3715/2015.2155
https://doi.org/10.46743/2160-3715/2015.2155
https://doi.org/10.1080/09500690802186993
https://doi.org/10.1007/s10972-011-9239-y
https://doi.org/10.1016/j.tate.2010.03.009
https://doi.org/10.1002/tea.21524
https://doi.org/10.1002/tea.21022
https://doi.org/10.1007/s11165-009-9163-8
https://doi.org/10.1007/s11165-007-9049-6
https://doi.org/10.5565/rev/ensciencias.2795
https://doi.org/10.5565/rev/ensciencias.2795
https://doi.org/10.1080/09500690802187025
https://doi.org/10.4324/9780203097267.ch19
https://doi.org/10.4324/9780203097267.ch19
https://doi.org/10.29333/ejmste/15953
https://doi.org/10.29333/ejmste/15953
https://doi.org/10.17605/OSF.IO/U4DV2
https://doi.org/10.3102/0034654311423382
https://doi.org/10.17763/haer.57.1.j463w79r56455411
https://doi.org/10.3102/0013189X015002004


Shulman, L. S. (2015). PCK: Its genesis and exodus. In A. Berry, P. Friedrichsen, & J. Loughran 
(Eds.), Re-examining pedagogical content knowledge in science education (pp. 3–13). Routledge.

Smith, D. C. (1999). Changing our teaching: The role of pedagogical content knowledge in elemen
tary science. In J. Gess-Newsome, & N. G. Lederman (Eds.), Examining pedagogical content 
knowledge (pp. 163–197). Kluwer Academic Publishers.

van Driel, J. H., Berry, A., & Meirink, J. (2014). Research on science teacher knowledge. In N. G. 
Lederman, & S. K. Abell (Eds.), Handbook of research on science education (pp. 848–870). 
Routledge.

van Driel, J. H., Hume, A., & Berry, A. (2023). Research on science teacher knowledge and its 
development. In N. G. Lederman, D. L. Zeidler, & J. S. Lederman (Eds.), Handbook of research 
on science education (pp. 1123–1161). Routledge.

Van Driel, J. H., Verloop, N., & De Vos, W. (1998). Developing science teachers’ pedagogical 
content knowledge. Journal of Research in Science Teaching, 35(6), 673–695. https://doi.org/ 
10.1002/(SICI)1098-2736(199808)35:6<673::AID-TEA5>3.0.CO;2-J

Vergara, C., Bassaber, A., Núñez Nieto, P., Becerra, B., Hurtado, H., Santibáñez, D., & Cofré, H. 
(2024). A map of collective pedagogical content knowledge as a basis for studying the develop
ment of biology teachers’ personal PCK of evolution. International Journal of Science Education, 
47(17), 2279–2301. https://doi.org/10.1080/09500693.2024.2381841

Vergara, C., & Cofré, H. (2008). La enseñanza de las ciencias naturales en la educación básica 
chilena: Un camino por recorrer [Teaching natural sciences in Chilean primary education: A 
path yet to be travelled]. Revista Foro Educacional, 14, 85–104.

Yang, Y., Liu, X., & Gardella, J. A. (2020). Effects of a professional development program on 
science teacher knowledge and practice, and student understanding of interdisciplinary 
science concepts. Journal of Research in Science Teaching, 57(7), 1028–1057. https://doi.org/ 
10.1002/tea.21620

Zeidler, D. L. (2002). Dancing with maggots and saints: Visions for subject matter knowledge, ped
agogical knowledge, and pedagogical content knowledge in science teacher education reform. 
Journal of Science Teacher Education, 13(1), 27–42. https://doi.org/10.1023/A:1015129825891

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 25

https://doi.org/10.1002/(SICI)1098-2736(199808)35:6%3C673::AID-TEA5%3E3.0.CO;2-J
https://doi.org/10.1002/(SICI)1098-2736(199808)35:6%3C673::AID-TEA5%3E3.0.CO;2-J
https://doi.org/10.1080/09500693.2024.2381841
https://doi.org/10.1002/tea.21620
https://doi.org/10.1002/tea.21620
https://doi.org/10.1023/A:1015129825891

	Abstract
	Introduction
	Literature review
	PCK in science education
	Conceptual knowledge in primary science
	The CK–PCK relationship
	The Chilean context
	Teaching the human body
	Theoretical framework
	Conceptualising PCK and CK
	Personal and enacted PCK
	Measuring PCK in Practice
	Analytical framework and study rationale
	Methodology
	Participants
	Data collection
	Instruments
	Conceptual knowledge test
	PCK assessment
	PCK reflection guide
	Video analysis

	Data analysis
	Quantitative analysis
	Qualitative analysis

	Ethics

	Results
	Quantitative results
	General patterns
	Test reliability
	Kruskal–wallis test
	Correlation analysis

	Qualitative results
	CK–PCK articulation
	Personal PCK
	Enacted PCK
	Pedagogical reflection and projection
	Triangulation of results


	Discussion
	Structural relationship between CK and PCK
	Mediating and epistemological processes in PCK development
	Formative implications for PCK development
	Integrative synthesis

	Ethics statement
	Disclosure statement
	Use of generative artificial intelligence
	Data availability statement
	ORCID
	References

