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Teachers’ PCK assists them in fostering the following goals
(Magnusson et al., 1999)

   
a) Help students develop the ‘science process’ skills  

b) Represent a particular body of knowledge

c) Transmit the facts of science

d) Facilitate the development of scientific knowledge by confronting students with contexts to 

explain that challenge their naïve concepts

e) Have students be active with materials; “hands-on” experiences.

f) Involve students in investigating solutions to authentic problems

g) Represent science as inquiry

h) Constitute a community of learners whose members share responsibility for understanding the 

physical world, particularly with respect to using tools for science.



Observation on Physics Teachers’ PCK 



● orientations toward science teaching

● knowledge and beliefs about science 

curriculum

● knowledge and beliefs about students’ 

understanding of specific science topics

● knowledge and beliefs about assessment in 

science

● knowledge and beliefs about instructional 

strategies for teaching sciences



Is a PCK present or not? 

Which PCK features do you recognize?



https://www.youtube.com/playlist?list=PLAA7AA6B0E433653C PSSC - Physical Science Study 

Committee

https://www.youtube.com/watch?v=CDEDBXuwYvo Fisica della professoressa Ida

https://www.youtube.com/watch?v=AsNxXS3kYho “Te lo avevo detto” - INCIDENTE SENZA 

CINTURE

https://www.youtube.com/watch?v =282D-YkMxyI PoliMi - Storia del primo principio

https://youtu.be/p0zDfi_8TKo FisicaFast

https://www.youtube.com/playlist?list=PLAA7AA6B0E433653C
https://www.youtube.com/watch?v=CDEDBXuwYvo
https://www.youtube.com/watch?v=AsNxXS3kYho
https://www.youtube.com/watch?v=282D-YkMxyI
https://youtu.be/p0zDfi_8TKo
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https://youtu.be/p0zDfi_8TKo


https://forms.gle/tS9vdrQi78w
cVM7W9



Declining PCK for Math-Phys interplay  
(Lehavi et al., 2014; 2017)





   

The practice of employing 
different patterns of the 
Phys-Math interplay can 
distinguish master teachers 
from other expert teachers. 



In order to perform a deep 
investigation of physics 
teachers’ Pedagogical 
Content Knowledge our 
observations consisted in 
actions and methodologies 
according to the reported 
sequence 

1. Collecting information BEFORE the 
observations of the lesson activity about 
teacher’s beliefs, methodologies, physics 
insights and then about class and students’ 
skills, attitudes and everything is concerning 
learning strategies, emerging and recurrent 
difficulties, assessments.

2. Collecting information DURING the 
observations of lesson activities, from 
explanations to evaluation time.

3. Collecting information AFTER the observations 
of lesson activities from the teachers’ point of 
view to the students’ self reflection about their 
performance and learning.



All information has been collected 
from interviews, meetings and 
taking  notes during class 
activities.



Sequence of monitoring 

AFTER

Feedback discussions with teachers 
on monitoring activities.

Test revisions and corrections trying 
to identify the most frequent mistakes 
and to classify them in terms of 
mastery and knowledge of physics 
languages.

Collecting students’ interviews about 
their difficulties in that learning 
module and final evaluation test. 

BEFORE

Teachers’ monitoring in their 
lessons planning.

Teachers’ interviewing for collecting 
information about students and 
class educational trend.

DURING

Observations during class activities 
in presence and on line (in the first 
COVID lockdown period) for the 
extension of a learning module.

In some cases, preparing evaluation 
tests together with teachers at the 
end of the learning module, with 
particular attention to the 
integration of math and physics 
languages.



   

We monitored classes at the first year of the 
curricular physics studies: this is an important point 
of our investigation, because we would like to find 

whether difficulties in learning and studying physics 
arise from a particular teacher PCK adopted at this 

stage, i.e. at the beginning of high secondary school, 
when the students’ background is characterized by a 

basic knowledge of Math.



Sample features



   

The main feature of this sample is the age 
difference among students. It happens that 
someone starts studying curricular physics at 14 
years old and some of them later (16 years). Of 
course, this is relevant for the stage of cognitive 
development, in terms of abstraction functions and 
metacognitive processes. And it also would be 
relevant in terms of content building processes for 
successful learning. 



We analysed our observations according to 
the PCK model suggested by Magnusson et 
al., adapted by Etkina and used in the 
framework of the content of the Math-Phys 
interplay by Lehavi et al.  and Pospiech 
obtaining some interesting results. 



Prevalent 
pattern of 
Math/Phys 
Interplay

Application and 
Formulas 
Manipulation

At the first curricular year of Physics study 



Application 

and Formulas 

Manipulation

Model 
building 

At the last curricular year of Physics study in the high secondary school

EXPLORATION AND BROADENING 

Prevalent 
patterns of 
Math/Phys 
Interplay



Main results from the observation analysis
   

Where the lack of math competencies 
is relevant, the teacher adopts 
strategies converging to the strong 
use of observative/descriptive 
language for conceptualization. 

   

   

If the teacher is aware of students 
difficulties in Math, or of the absence 
of Math-Phys interplay, he/she tries to 
support their learning process 
focusing on mathematical languages. 

   

   

   

This causes a large use of math in the demonstration of 
physics laws and a great number of math exercices applied 
to physics phenomena, with the consequence that even the 
evaluation tests seem to be mathematically rather than 
physically oriented. 

 



Main results from the observation analysis

   

   

On the other side some teachers try 
to resolve the students difficulties in 
Math using improperly the different 
language structures (formulas, 
graphs...) making a conceptual 
reduction of Physics, separating what 
comes from mathematics results and 
what corresponds to a physical 
phenomenological observation. 

(Bologna & at., 2022) 

   

   

   

This kind of approach tends to 
amplify the distance between the two 
disciplines instead of favouring their 
interplay and integration also in a 
form of interdisciplinarity to be 
thought and taught. 

 https://iopscience.iop.org/article/10.1088/1742-6596/2297/1/012034

https://iopscience.iop.org/article/10.1088/1742-6596/2297/1/012034
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Which pattern is prevalent?

https://www.youtube.com/watch?v=wEQ69qW8Q6I Fisica Fast moto parabolico

https://www.youtube.com/watch?v=qK3tIupN_Xw Step by step

https://www.youtube.com/watch?v=xZ0WN8z3cD0 Moto di un proiettile

https://www.youtube.com/watch?v=xxFWe1JI6b8 

La Fisica Che Ci Piace - Lezioni di Fisica Live! Caduta Libera

https://www.youtube.com/watch?v=wEQ69qW8Q6I
https://www.youtube.com/watch?v=qK3tIupN_Xw
https://www.youtube.com/watch?v=xZ0WN8z3cD0
https://www.youtube.com/watch?v=xxFWe1JI6b8


Teachers’ content 
knowledge for teaching
E.Etkina et al.  (2018)
PHYSICAL REVIEW PHYSICS EDUCATION 
RESEARCH 14, 010127



Motivation
Research into teacher learning and practice over the last three decades shows that the teachers of a 

specific subject need to possess knowledge that is different from the knowledge of other content 

experts. Yet this specialized version of content knowledge that teachers need to plan instruction, 

respond to student ideas, and assess student understanding in real time is a theoretically elusive 

construct. It is crucial for the fields of precollege teacher preparation, teacher professional education, 

and postsecondary faculty professional development to 

(a) clarify the construct that underlies this specialized content knowledge,

(b) operationalize it in some domain, 

(c) measure it in both static contexts and as it is enacted in the classroom, 

(d) correlate its presence with “richness” of classroom instruction and its effect on student learning. 



Tasks of Teaching
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Topic - Specific Student Targets
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