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Our

research

lasted 8

/ weeks and

Y} took place in

Bayes’ an Italian
theorem high-school
is often involving two
presented class of the
to high- 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

OQ physics’ curriculum. Being in

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
Bayes’ theorem’s general
expression. For a deep insight in
the theorem’s meaning We
specifically designed an exercise
regarding current actual events. In
this way we also showed the theorem’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.

the middle of the Covid- 19

epidemic with the related

I\ restrictions and lockdown, the

‘L] entire activity has been designed
s to be held via online platforms;
communicating with the students

% through virtual meeting while

b discussing an interactive slideshow

Q. devel- oped through the "DESMOS"

v. website. The Bayesian updating is an

“I extremely versatile tool that can be
") adapted to any physics-related subject
‘LI and in the course of this research we
Q. opted for wave phenomena as it was the
subject planned by the teachers
to occur in that period.

First an
introduction to
the theory of
probability to address all
the mathematical tools necessary

6\/ to proceed in the activity. The main
focus of this section is the Bayes’ theorem
and its possible applications.

THROUGH UPDATING ACTIVITIES

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 books’
solutions or the teacher’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.

Second an in-
depth analysis of the
52 concept of thought experiment

C nd indirect evaluation applied
to wave- related exercises
utilizing the

Bayesian

exploration of
the idea of direct
evaluation, with the use
of Bayesian updating ,
( discussing the structure
' of an experiment and
4 the concept of statistic
¢/\ and systematic
errors and how
they can affect
the level of
confirmation/
confutation.

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. HERE WE PRESENT THE MAIN CONTENT ASPECTS FROM
OUR PROJECT SO THEY MAY SERVE AS EXAMPLES AND THEY SHOW
A W AY FOR DEVELOPING A BAYESIAN UPDATING ACTIVITY IN EVERY
PHYSICS CLASS AND FOR ANY CURRICULUM STUDY.

EVOLUTION OF CONFIDENCE

With the same approach we also implemented Bayesian updating to Lab activities to develop basic
applied physics’ 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 Young’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 A = 700nm and asked the students to test this hypothesis
through Young'’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 EI" Wiy
confutation. 1
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