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The conceptual representation 
using computer based simulations 
- inquiry based approach
(Inquiry-based learning with 
Interactive Simulation) 



Materials for Physics education

https://phet.colorado.edu/



Educational Scenario

Realistic Scenario

Critical Thinking &
Problem solving skills

Team group Working 

THEORETICAL FRAMEWORK



WHAT IS AUTHENTIC INQUIRY?

“Authentic scientific inquiry refers to the research that 
scientists actually carry out. Authentic scientific inquiry is 
a complex activity, employing expensive equipment, 
elaborate procedures and theories, highly specialized 
expertise, and advanced techniques for data analysis and 
modeling.”

(Chinn & Malhorta, 2002)



“The cognitive models that underlie authentic 
experiments are fundamentally different from the 

cognitive models that underlie simple 
experiments, and the differences in models

help account for why there are differences in 
cognitive processes and epistemology”

AUTHENTIC INQUIRY EXPERIMENTS 
SIMPLE EXPERIMENTS 

SIMPLE OBSERVATIONS 

SIMPLE ILLUSTRATIONS
(Chinn & Malhorta, 2002)

Increasing of Cognitive 
Processes Activated in 
Reasoning Tasks



ASPECTS OF SCIENTIFIC COGNITIVE PROCESSES

LEVEL / TYPE   
OF INQUIRY

(Chinn & Malhorta, 2002)



Implications
FOR PHYSICS TEACHERS

When selecting which simulations adopt in their 
classroom activities try to explore which 

level/type of inquiry is activated using the 
teaching/learning materials available.

Create/design NEW TEACHING/LEARNING 
MATERIALS which let students engage in 
cognitive processes of authentic inquiry 



Second research question:
How could we prepare teaching/learning 
materials for inquiry-based simulations 

which resemble 
AUTHENTIC SCIENTIFIC INQUIRY?

Using the framework of the ISLE - INVESTIGATIVE SCIENCE 
LEARNING ENVIRONMENT (Etkina et al. 2019) which is an 

example of authentic inquiry-based approach  (Brookes et al, 2020)



METHOD
Start from the analysis conducted
For each topic, select the simulation analysed with 
the higher mean value in the inquiry level performed 
from the point of view of the cognitive processes 
activated

Create/design NEW teaching/learning materials 
which empower an ISLE - process

Administer the teaching/learning materials to a group of 
in-service physics teachers (training workshop)



Laboratory



Laboratory



Reflections on “Simulating ISLE” 
Attività: legge di Faraday

- troppe domande all’inizio e alcune banali e ripetitive. 
- nella seconda attività alcuni salti logici: preferibile più passaggi intermedi.
- dopo la parte esplorativa iniziale, doveva essere esplicitato di disattivare gli 

strumenti e tornare alla configurazione iniziale.
- l’attività ha stimolato un’osservazione più attenta e attiva e la formulazione di 

ipotesi.



Reflections on “Simulating ISLE” 
-Circuit 

-primo video del circuito viene fatto vedere troppo presto
-utile per associare la corrente al moto degli elettroni, utilizzo della batteria come 
“generatore” del moto e resistore come modulatore del moto
-aggiungendo una lampadina al circuito si mostra un utilizzo quotidiano del circuito
concetto di differenza di potenziale con misure dirette nella simulazione con 
resistenze e generatore
-nelle relazioni inverse tra resistenza e corrente / tensione con misure dirette per 
ricavare legge di ohm i grafici sovrapposti possono fare confusione
-ricerca dei pattern



Reflections on “Simulating ISLE” – 
Geometrical Optics 

Q: What do you think happens to the beams when they are passing the lens? 
Think about that while drawing
L: What are the rays above the lens?? Principal / Marginal? 
C: We also observed what happens, if you move the lens. (how?)
Q: Convex Lens. What does that mean?
H: Think of a hypothesis that describes the patterns …
T: if you would change the Diameter? … 
C: Describe the difference between a Real- and a Virtual Image.
Q: What does the points with the labels 2F mean? What is the difference 
between the points with the labels 2F and the ones with the labels F?



Reflections on “Simulating ISLE” 
Faraday
- coerenza tra esperimento del video e situazione della simulazione
- uso della simulazione molto guidato per capire il pattern di riferimento
- analizzate variazioni su singoli concetti, uno alla volta, cercando collegamenti tra 
aspetti della simulazioni e aspetti concettuali
- tanto testuale → meglio le rappresentazioni multiple
- gli studenti devono formare le ipotesi e testare
- difficile pensare ad esperimenti diversi da quelli visti
- difficile testare tante ipotesi contemporaneamente → come se non in laboratorio?



Main topics
Kinematics
Dynamics
Energy
Fluidodynamics
Calorimetry/thermodynamics
Optics 
Electrostatics
Magnetism
Electromagnetism
Quantum Mechanics
Special & General relativity

Early Physics
Multiple Representations in Physics

Historical approaches 
Problem-solving; Jeopardy problems 

Physics of everyday Thinking
Project Based Education

Modelling instruction
Simulation for Educational Physics 

ISLE - Investigative Science Learning 
Environment

IBSE - Inquiry Based Science Education
Bayesian updating method
On line educational tool-kit

Useful education tools in PER

http://www.islephysics.net/isle.php
http://www.islephysics.net/isle.php
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Content Knowledge for Optics 
and Acoustics





Geometric optics is when we 
treat light as a single beam (A 
ray) and study the properties. It 
deals with lenses, mirrors, 
phenomenon of total internal 
reflection, formation of 
rainbows, etc etc. In this case, 
the wavelike properties of light 
become insignificant as the 
objects we deal with are very 
huge as compared to the 
wavelength of light.

In physical optics, we consider the wave 
like properties of light and develop the 
more advanced concepts on the basis of 
Huygens’ principle. We would deal with 
Young's double slit experiment and 
consequently with interference of light 
which is a characteristic of waves. We also 
deal with polarization and Diffraction which 
are also typical wavelike properties. 
Diffraction happens only when the 
obstacle's size is of the order of the 
wavelength of light. Maxwell's 
electromagnetic theory put the wave theory 
of light on a very firm footing. It is to be 
noted that reflection and refraction are 
explained by physical optics as well.



Key Concepts in Wave Physics

● Nature of Waves 
● Propagation - Perturbation
● Wave equation 
● Waves phenomena 
● Huygens’ principle



Key Concepts in Wave Physics

● Transverse vs Longitudinal waves



Key Concepts in Wave Physics

● Propagation / Disturbance
● Amplitude, Wavelength, Frequency, Period 



Key Concepts in Wave Physics

● Velocity of wave 



Key Concepts in Wave Physics

● Wave equation (how?) 



Key Concepts in Wave Physics

● The Electromagnetic spectrum 



Key Concepts in Wave Physics

● Waves phenomena 
● Interference
● Reflection and Refraction 



Key Concepts in Wave Physics

● Snell’s law



Key Concepts in Wave Physics

● The Huygens’ principle



Key Concepts in Wave Physics

● Acoustic waves
● Intensity of sound 



Key Concepts in Wave Physics

● Stationary waves



Key Concepts in Wave Physics

● Energy transported by waves



Key Concepts in Geometrical Optics

● Mirrors
● Lenses
● Prisms



Key Concepts in Geometrical Optics

● Image / Object 
● Rays 



Key Concepts in Geometrical Optics

● Mirrors



Key Concepts in Geometrical Optics

● Lenses equation



Key Concepts in Geometrical Optics



https://drive.google.co
m/file/d/1TAIcDXSl9PV
JDvXdoPfAsgpJb2G_uY
ki/view?usp=sharing

Ch. 3

https://drive.google.com/file/d/1TAIcDXSl9PVJDvXdoPfAsgpJb2G_uYki/view?usp=sharing
https://drive.google.com/file/d/1TAIcDXSl9PVJDvXdoPfAsgpJb2G_uYki/view?usp=sharing
https://drive.google.com/file/d/1TAIcDXSl9PVJDvXdoPfAsgpJb2G_uYki/view?usp=sharing
https://drive.google.com/file/d/1TAIcDXSl9PVJDvXdoPfAsgpJb2G_uYki/view?usp=sharing


Ch. 9, Ch. 13



https://www.youtube.com/c/flyingcircusofphysics



https://www.youtube.com/channel/UChrOvC-DFkPNxKIxe-XKD3g

http://www.youtube.com/watch?v=sixdSTEgoe4
https://www.youtube.com/channel/UChrOvC-DFkPNxKIxe-XKD3g




Read the index and choose one topic from 
daily life experience





Il Luna Park della 
Fisica 

L’Arcobaleno








