
Ourwork is greatly inspired by Warren’s research [13, 14 - QR codes] in
which he tested the implementation of Bayesian updating activities to
algebra-based and calculus-based introductory physics courses.
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In his papers he designed curricular material to introduce students to the hypothetic-‐‑‒
deductive process using Bayesʼ’ theorem (the equation in the circle) to numerically express
and update through a mathematical instrument the level of confidence obtained in a certain
hypothesis.

A Bayesian updating activity is structured like so:
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An hypothesis needs
to be tested

An initial subjective level of
confidence Ci to put in said
hypothesis is established an empirical/experimental

(direct) or theoretical
(indirect) evaluation is
designed and then

executed

given the result of the
evaluation, the Bayes factor R is
established through a partially
subjective choice following
Jeffreysʼ’s scaleʼ’s directions

5
an updated level of
final confidence Cf
is calculated
through Bayesʼ’

theorem
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Our
research
lasted 8

weeks and
took place in
an Italian

high-‐‑‒school
involving two
class of the

fourth year (17-‐‑‒18
years old students),

one from the
(traditional) scientific
course (18 students),
the other from the

applied sciences one (25
students), both having the

same mathematics and
physicsʼ’ curriculum. Being in
the middle of the Covid-‐‑‒ 19
epidemic with the related

restrictions and lockdown, the
entire activity has been designed
to be held via online platforms;

communicating with the students
through virtual meeting while

discussing an interactive slideshow
devel-‐‑‒ oped through the "DESMOS"

website. The Bayesian updating is an
extremely versatile tool that can be

adapted to any physics-‐‑‒related subject
and in the course of this research we

opted for wave phenomena as it was the
subject planned by the teachers

to occur in that period.The
o
n
line
intera

ctive
a
ctivity

ha
s
been
split
into
3
different

sectio
ns:

First an
introduction to
the theory of
probability to address all
the mathematical tools necessary
to proceed in the activity. The main
focus of this section is the Bayesʼ’ theorem
and its possible applications.

Second an in-‐‑‒
depth analysis of the

concept of thought experiment
and indirect evaluation applied

to wave-‐‑‒ related exercises
utilizing the
Bayesian

Third
an
exploration of
the idea of direct
evaluation, with the use
of Bayesian updating ,
discussing the structure
of an experiment and
the concept of statistic
and systematic
errors and how
they can affect
the level of
confirmation/
confutation.
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3
To effectively implement Bayesian updating
activities to physics curriculum is necessary to
design specific activities and reelaborate problems
and exercises as to include the basics steps of the
process. Herewe present the main content aspects from
our project so theymay serve as examples and they show
away for developing a Bayesian updating activity in every
Physics class and for any curriculum study.

Bayesʼ’
theorem
is often
presented

to high-‐‑‒
school students
as an abstract

mathematical tool
without a well-‐‑‒

defined origin, useful
only in ideal situations.

With the purpose of
opposing this practice we
spent some time discussing
and obtaining through calculus

Bayesʼ’ theoremʼ’s general
expression. For a deep insight in

the theoremʼ’s meaning We
specifically designed an exercise
regarding current actual events. In

this way we also showed the theoremʼ’s
inferential power in a realistic context,
that is what we would then do in Physics.
So, we decided to talk about Covid-‐‑‒19 and

the related diagnostic tools: we asked students
what might be the probability of being infected
even though having received a negative result
with the swab test (false negative), that was a
really problem during the pandemic spread-‐‑‒out.
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With the intent of developing problem solving skills we took
exercises from a book and re-‐‑‒elaborated them to include
Bayesian updating and thought experiment, showing the
participants how they can approach future problems being able to
self-‐‑‒evaluate their own work and without having to rely on the booksʼ’
solutions or the teacherʼ’s authority. From now on we will analyze a very
common exercise about sound waves and the condition of destructive
interference. The first step is to ask the students what is their initial level of
confidence about being able to solve the suggested exercise. Then the
participants are required to actually solve the problem and elaborate a thought
experiment to test their so-‐‑‒ lution method. The evaluation may consist in a
change of parameters or context, with the intent of tracing themselves back to a
known situation in which they are confident of what to expect.
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With the same approach we also implemented Bayesian updating to Lab activities to develop basic
applied physicsʼ’ skills. Due to epidemic-‐‑‒related restrictions it was not possible to actually set up a
real laboratory, nonetheless the website "The Physics Classroom" [QR code] offers a realistic
simulation of Thomas Youngʼ’s two slit interference experiment with changeable parameters that
also requires actual measuring skills. We hypothesized each student bought a red laser from a
seller who claims its wavelength is λ = 700nm and asked the students to test this hypothesis
through Youngʼ’s experiment. The simulation changes its unknown parameters at each
restart so every participant has a laser of different wavelength causing some to receive a
confirmation and others a confutation. The assignment was to complete some given
tables that guided them to execute the experience multiple times changing parameters
and conditions, updating their confidence after each time. Since the simulation lets
them also change colors of the laser, we then asked the students to put to the test not
the hypothesis itself, but the evaluation method. We discussed what they expect it
would happen with a change of color if the method was correct and then, actually
made them try to manipulate the simulation to receive a confirmation or
confutation.La
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At
the
end of

the activity
we made the
students submit
a survey we

purposefully made to
evaluate the whole

project itself and, moreover,
the meta-‐‑‒cognitive impact

obtained. The most significant
result is that a great number of

participants recognize the importance
of self-‐‑‒reliability and consider Bayesian

updating activities to be effective as a self-‐‑‒
evaluation tool.
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There is an incredible adaptability of this kind of
activities, applicable to every topic of the

physicsʼ’ curriculum. The nested interplay with
the use of the Bayesʼ’ theorem is an inter-‐‑‒

disciplinary key that confirms the nature of this
kind of approach. Bayesian updating activity
helps develop basic concept fundamental for

the comprehension of every scien-‐‑‒ tific
topic, not just in physics, suggesting the
possibility of implementing this tool to

every subject, creating interrela-‐‑‒
tions and promoting studentsʼ’
epistemological development in

the course of the whole
academic year. All said above
suggests the need for further

explorations and future
works about this new
approach we adopted,
both in high school and

university.

DISCUSSION AND CONCLUSIONS


