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What is Physics
Education Research@

PER investigates the problems of teaching and learning specific disciplinary content
at all instructional levels and settings (classroom, lab, ...)

Investigation of students’ understanding
What are students’ difficulties and resourcese

How do we assess them?e

Develop the curriculum and activities based on evidence

What should students learn?@
What teaching strategies are more appropriatee

How do we develop effective teaching materialse
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What is Physics
Education Research@

Carried out by physicists (expertise in the subject needed!)

Both theoretical and experimental

Methodologies borrowed from a variety of disciplines/fields
®* Quantitafive methods: i.e. statistical methods (test theory, factor analysis,
analysis of variance, structural equation modeling, ...)
®* Qualitative methods: e.g. content analysis, thematic coding of interviews,
participant observation, analysis of artifacts

A variety of tools and settings, €.g. surveys, standardized tests, interviews and focus
groups, classroom observations, ...

Interactions with different stakeholders and communities (students, teachers,
curriculum developers, researchers from different fields)
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A teaching-| I)earmng sequence about climate change: From theory

to practice®
Stefano Toffalett®) and Marco Di Mauro®
ysical

38123 Povo (Trento), ltaly
Massimiliano Malgier®

hysics, U Vof Treo, Via S “,

Department of Physics, University o Pavia, via Bassi 6, 27100 Pavia, Ialy

) Eugenio Tufino," Pasquale Onorato, and Stefano Oss"

v of Trento, Via Sommarive 14,

38123 Povo (Trento), Ialy
(Reccived 30 November 2022; accepted 14 July 2023)

‘We describe a collection of relatively simple experiments and laboratory demonstrations devoted

to the physics of Earth’s energy balance. Many

of the experiments also address fundamental

aspects of physics at the unde)g;ndnae level. Results of classroom testing of this sequence of
activities are presented and discussed. © 2025 Published under an exclusive license by American Associaton of

hysics Teachers ips:ldos.org/10.1 119/ 0137089

L INTRODUCTION

Climate change, a phenomenon with no political or geo-
‘graphical boundarics, is one of the most important issues fac-
ing our world. It i part of the role of science to relate issues
onceuin global neming toth physics d chenisiry of
the atmosphere using formal theoretical and experimental
foolsd rotcols. Atthe wiversty level, rough carfuly
structured laboratory investigations, students can study the
physics of the atmosphere, lean methods of experimental
and theoretical investigation, and understand the ethical

I FRAMEWORK
A. Design principles
Designing a TLS for a complex phenomenon like the

chemisiry, Earth, and life siences. Finally, a basic go
provide a progressive construction of a model of the e

the scientific ty o address issues of
importance to humanity and the planet

These consicerons m:nl(g it almost essential o build the
round a series of experimental

We present here an
sequence (TLS), suitable for undergraduate and masters
students, mainly devoted to the physical basis of the green-
house effect (GHE), leading to the development of a sim
ple but effective model for the Earth’s climate® that is
within reach of students and allows qualitative predictions
of the radiative steady-state average temperature of the
Earth-atmosphere system receiving radiation from the Sun
and understanding of the effects of the increase in green-
se gases in the atmosphere. Feedback effects can be
included as well. The need for a TLS dedicated to this spe-
cific topic stems from the fact that the GHE is difficult to
place in traditional physics and science curricula because
it requires concepts from several traditionally distinct
areas in physics. The TLS includes interesting phenomena
in optics, thermodynamics, and radiative transfer that help
students integrate knowledge and see physics as a unitary
discipline.
paper is organized as follows: In See. 11, we outline
the methodology we adopted in developing and improving
the TLS. Then, in Sec. III, we describe the model we con-
struct in the TLS. In Sec. IV, we provide a short description
of text of the experiments and the methods for data
collection, and in Sec. V. we discuss the difficulties and mis-
conceptions of students, considering both the literature and
the results of our pre-tests. In Sec. VI, we provide a detailed

ducied on the students who completed the sequence. Section
VIILis devoted to our conclusions.

Skl Cocairacin eyt fesogh caeinceis mil:
ities keeps all students engaged, even those who may already
have a reasonable working knowledge of the topic at hand,
through laboratory activities that may stll be novel o them
and help consolidate their knowledge. On the other hand, for
students who are novices, experiments constitute a meaning-
ful context for laying the foundations of a progressive con-
struction of concepts.

B. Design of experiments

In desiging the erperinnts, we were guided by the

ments; modeling, analyzing, and visualizing data; and com-
municating physics. We ried to implement structured
inquiry-based lab activities® in which the teacher specifies

gation. We frequently (for example, in the activity on ther-
mal equilibrium of different bodies under radiation or the
one on the Beer-Lambert absorbance law) use the Predict-
Observe-Explain (POE) strategy as the base of the structured
inquiry approach: The inquiry research question is the one
which is posed to students in the “predict” phase, and subse-
quently, the student is guided to perform the cxperimental
activity, collect data and analyze the results, compare them

to their initial prediction, and possibly develop a new model.
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* Development of scientific practices in instructional laboratories
* High school

°* NEW! Undergraduate

* Mathematics in physics education af the boundary between
high school and university

* NEW! Quantum physics in High School
(context: «Department of Excellencey project Quantum Fronfiers)

uity, gender, inclusion
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Testing students ability to use derivatives, integrals, and vectors in a purely mathematical

Item 3M. The figure below shows the graph of f, a

function defined on R.

\
4

3

2

1

X

0 1 2 3 4 5 6

Item 3P. The figure below shows the position-versus-

time graph of an object.
s(m)
5

context and in a physical context

Marta Carli®,"" Stefania Lippiello .2 Ornella Pantano N
Mario Perona,” and Giuseppe Tormen""

Let f’ be the first derivative of f. What is the value

of £(3)?
(A) 2/3
(B) 3 0
() 3/2 1.9
D) 1 ).8
(E) 1/3 17

Facility Inc
o oo 9o
W B W

What is the object’s velocity at t=3s?

(A) 1.0 m/s 0.2
0.1

(B) 2.0 m/s
: 0.0

(C) 1.5 m/s 1 2 3 4 9 6 T 8 9 10 11 12 13 14 15 16 17
(D) 0.67 m/ [tem number
.67 m/s

(E) 0.5 m/s

*  Math/Phys, university level
* Quantitative research (survey, 1200+ students)

Simple statistics + classical test theory
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PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 16, 010111 (2020)

Testing students ability to use derivatives, integrals, and vectors in a purely mathematical
context and in a physical context

Marta Carli®,"" Stefania Lippiello .2 Ornella Pantano N
Mario Perona,” and Giuseppe Tormen""

In order to highlight the role that contextualization might
have played in the students’ framing of these two items, we

TABLE III. Point-biserial coefficients (rpb), discrimination report an excerpt from one of the pilot interviews. Just

indices (Dly7q) and percentage of students who selected each TABLE V. Facility index (FI) differences and phi coefficients before this conversation, the student had tried to solve item
of the five options for each item in the context of physics.” (®) for pairs of parallel items in the context of mathematics (M) 15M, and he had calculated the sum of the two vectors
- and in the context of physics (P). FI differences larger than 10% instead of their difference. Then he was asked to solve
Item pb Dly;q, A B C D E Omit and @ values smaller than 0.30 are labeled with an asterisk, and item 15P.
P 0.39 035 83 5 ) 2 3 5 the item pairs halvin,g> at least one of the two values above ] ) ) )
2 06+ 081 s6 17 10 o 4 3 Dcqoliemeledloc Seebily st o lolingighin
3P 0.63 0.78 39 3 6 45 2 3 Item pair ~ FI(M)  FI(P)  FI difference (M-P) P over r... it points to the center... [looks puzzled]
4p 0.44 0.56 47 8 3 12 26 4 1 0.68 0.83 0.15* 0.28* Interviewer: What are you thinking about?
5P 0.59 0.74 62 22 2 1 10 3 5 0.64 0.56 ;0-08 0'49 S: None of these answers is correct, because it [accel-
6P 0.59 0.75 56 17 12 2 10 3 3 0'52 0'39 +0‘l3* 0.36 eration] points to the center, so it should be like this
7P 0.56 0.73 53 14 5 8 13 ) 4 0' 53 0' 47 +0.06 0'20* [draws a vector pointing to the center, starting at point
8P 0.56 0.64 69 5 3 13 6 4 5 0:73 0:62 +0..l 1* 0:35 1] here, and. like this. [draws a vector pointing to the
9P 0.55 0.70 355 17 4 15 3 5 6 075 0.56 10.19* 0.26" C?Illel‘, staftmg at p{nnt 2] here. T{ze' Moon moves on a
10P 0.55 0.66 66 16 4 4 6 5 7 0.94 053 041" 014+ ctrf{e, but its speed is constant. This is constant circular
1P 048 043 8 3 3 2 2 i 8 0.51 0.69 —0.18* 0.28* igaiogend
12P 0.48 0.57 39 20 15 13 > 1 9 0.64 055 41009 042 {m(i;cd I{oilt{;l;i ;vnu the correct answer was there, what
13P 0.50 0.59 59 10 4 8 9 10 i Sl 0.66 ! 0'46* S: Well, if I must choose among these ones, I'd say zero
14P 0.54 0.68 56 9 6 4 10 14 1 0.89 0.83 +0'06* 0.27 [distractor C], since they [the two vectors] have the
15P 0.51 0.62 41 22 24 2 2 9 12 0.51 039 +0.12 035 same magnitude. But there is centripetal acceleration,
16P 0.53 0.65 39 7 11 12 12 19 : Z gi; 822 _883 ggg unless they are asking something different.
P G2 il 22 e 0D 14 20 15 0.52 0.41 +0.11* 0.35 The student did not immediately frame item 15P as a
?Option A is the correct one for all the items; the order of 16 0.37 0.39 —-0.02 0.36 problem about vector difference. Instead, he started recall-
the options was randomized in the version administered to the 17 0.41 0.32 +0.09 0.35 ing miscellaneous facts and formulas about circular motion,
students. The value in the A column normalized to 1 gives the which, however, did not cue him towards the correct
facility index. answer. When invited to select one of the given options,

the student chose option C (corresponding to the magnitude
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PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 19, 020162 (2023)
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Collaborative physics teachers: Enhancing the use of the laboratory
through action research in a community of learners

Grounded in
Physics
Education
Research

Integration of

scientific disglelial:a
content and for::us /
practices

Marta Carli

Active learning Community of .0 Research

opportunities Learners

Coherence with
teachers’
background and
needs

Sufficient
duration

* and Ornella Pantano

Labs, high-school level, teacher PD

» Qualitative research (11 teachers,
interviews + focus groups)

Thematic coding, multiple case studies

TABLE 1V. Examples of coded quotes for each of the features considered in RQ1.

Category

Example of quote

Content focus

Active learning

Coherence

Sufficient duration

Community of learners

Action research

“For example, one of the flaws of my preservice training was that pedagogy courses had nothing to do with
the science part. As a result, we sometimes found them a bit distant from our needs. It is far more beneficial
to have courses focused on physics education.”

“Conducting experiments firsthand, while drawing upon diverse expertise and possibly different areas of
focus, motivated us and likely gave us a better understanding of how students might perceive a particular
activity.”

“I was really thirsting for it. Ever since I started teaching, one thing I lacked was a little bit of research. So, it
gave me a sense of relief to discover that I'm not alone and that there is somebody out there working on
this.”

“It was good that we could experiment during the course, reflect, and try to apply something in the classroom.
And if something went wrong, you could catch up the following month.”

“It means a lot, that we are together. We all share more or less the same problems and we all try to do our best.
Personally, this community is important as it serves as a reference point for me. I feel like I belong here, I
feel good here.”

“I was tired of doing things for pretend. This time, I had a classroom where I could experiment, I could try to
do it concretely.”
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PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 19, 020162 (2023)
Collaborative physics teachers: Enhancing the use of the laboratory
through action research in a community of learners
Marta Carli®" and Ornella Pantano
Reported changes Domain of practice
Personal domain Use of more student-centered activities
Domain of practice Use of the laboratory for more topics
Domain of consequence Use of different types of experiments
0123456789101 Other new/different activities
N Teachers Use of different laboratory assessment
M 1styear 2nd year
Use of TLS design
Personal domain 01234567 891011

K| led f TLS desi 01234567 891011
no eo esign
e : N Teachers

0123456789101 1st year 2nd year

N Teachers
W 1styear 2nd year

’ : N Teachers
Views and beliefs about the laboratory B 1styear 2nd year
Understanding of the physics curriculum
Knowledge of different types of experiments
Knowledge of laboratory assessment Domain of consequence
Awareness of physics education research Improved students learning/engagement
Ideas and attitudes about physics teaching
Improved students’ acceptance
Self-efficacy beliefs
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PHYSICAL REVIEW PHYSICS EDUCATION RESEARCH 19, 020162 (2023)

Collaborative physics teachers: Enhancing the use of the laboratory
through action research in a community of learners

Marta Carli®” and Ornella Pantano

External domain External domain
e /(53/ \%&
Personal domaln A= =-- 1C) il Domain of practice Personal domam PN €)Y Domain of practice
, L4 \_/® /,/ \ ——————————
o) o @\
/7
(a) Gordon MR S Domain of consequence * (b) Lisa 4 Domain of consequence

External domain

Personal domain @; Domain of practice
G, Wy ISR @ _______
N 7 vz
Q) ofol
N & N S / /‘, Ve
(c) Sophie N Domain of consequence

FIG. 9. Participants’ trajectories across the different domains of change, mediated by the processes of enactment (solid lines)
and reflection (dashed lines): (a) Gordon, (b) Lisa, (c) Sophie. Numbers refer to the quotes reported in the tables for each participant.
The gray color marks the first move for each instance.
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Teaching optics as inquiry
under lockdown: how we
transformed a teaching-learning
sequence from face-to-face

to distance teaching

Teaching optics as inquiry under lockdown: how we transformed a teaching-learning sequence

Table 1. The design matrix of the teaching-learning sequence.

Core ideas and scientific practices from A framework for K-12 science education [3]

Core idea: Waves and their applications
Scientific practices: Developing and using models; Planning and carrying out investigations; Using
mathematics and computational thinking; Analyzing and interpreting data.

Marta Carli' @, Maria Rosa Fontolan® and Ornella Pantano'

: Understandings Essential questions
Department of Physics and Astronomy, University of Padua, Padua, Ital;

: Licp:onSCicnliﬁco glalalc P Paloocapﬂy‘ + Rovigo, i/!aly ' (U1) The ray model explains some light phenom- (EQ1) What models can we use to explain light phe-

E-mail: marta.carli. @unipd.it CrossMark ena (shadows, reflection, refraction), but not all of nomena and what is their validity?
them. Some phenomena, such as the patterns we (EQ2) What are the consequences of modelling light
observe when light passes through a small aperture, as a wave? (In particular, what physical quantities
are explained by modelling light as a wave. are used to describe light and how do we interpret the
(U2) Since light is a wave, it is characterized by features of light related to these quantities? What phe-
a velocity, a freq y and a wavelength, related nomenology do we expect to observe?)

through the wave equation. Light intensity is related (EQ3) What are some everyday phenomena where we
to the amplitude of the wave, while colour is related observe the wave nature of light?

to the wavelength of light. Interference and diffraction

are observed as a consequence of the interaction of

light with itself or with objects.

(U3) Interference and diffraction of light explain some

everyday phenomena such as the colours of bubbles

or of a CD and can be used in different technological

applications.

« Labs, high-school level

Mixed methods research

* Infervention + observations
+ tests

Assessment

Application experiment’—Measuring the thickness of a hair. Assessed
Researcher’s assessment Self-assessment

ssess students’ knowledge and abilities.

:nt rubric filled in by the students.

11] model)

the students observe different optical phenomena that can be explained with ray

predict what happens when a laser beam passes through a small slit, they observe
¥ > the fact that they cannot explain the observed pattern using the ray model.

Carry out the experiment and collect the relevant data >riment’: the students design and perform an experiment to investigate the phe-

ffraction and collect data in order to identify patterns and trends.

Identify a pattern in the data 1 conceptualization: the students share and compare their results, which are then

del; the interference and diffraction patterns are interpreted using wave superpos-

2 3 4 5 02 4 6 8 10121416 18 20 22 ; the conditions for interference and the formulas describing the positions of the

[extbook exercises are assigned as homework.
Number of groups Number of students nent’: the students are asked to set up and carry out an experiment to find the

Design an experiment that investigates the phenomenon

Set up the experiment using the available equipment

(=]

B Missing | Inadequate udents and the teacher engage in a discussion on the use of different models for
B Needs improvement [l Adequate
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THE VIRTUAL SCHOOL PROJECT
LEARNING TO TEACH PHYSICS THROUGH A VIRTUAL COMMUNITY OF PRACTICE

0

\WHYTHIS/STUDY?/

How can a virtual community of practice
impact preservice teachers' ideas
of what it means to be a physics teacher?

'VIRTUAL SCHOOL
O Online revision classes for hi
O Grounding and support of

Research

2 school - based
tutors

community
of practice

8online
lessons

Co- teaching +
co-design

DECOMPOSE

THERMAL PHENOMENA (Scientific «Liceon)

researchers (PER &
Teaching) g
i

Peer- and expert
feedback

APPROXIMATE

GENDER DISPARITIES IN STEM DEGREE PROGRAMS
AND ACADEMIC ORIENTATION ACTIONS

PROJECT AND RESEARCH
GOALS

Despite some progress in increasing female participation
in certain STEM fields, gender disparity persists,
especially in certain subjects like Physics.'

This project's goal was to design and implement
initiatives that aim to improve inclusive Physics education
and academic orientation based on the observed needs
of students and other involved stakeholders at the
University of Padova's Department of Physics and
Astronomy.

PRELIMINARY PHASE:

Data Collection

“LE SORELLE DEL CIELO" (Sisters of the sky)
81 participants

After a theatre performance in which the stories of

13 female astronomers were presented to 81

nigh-school students, a questionnaire was held

about their perspectives on the topic of the Gender

Gap in STEM.

FOCUS GROUP )

21 participants j s
By exploring the needs and perspectives of E s
these different stakeholders, tne aim was to 3
develop future interventions that consider g
the specific requirements of stugents, ensuring
a targeted approach towards achieving gender
eguality in STEM fields.

Findings
« family support plays a significant rele in shaping students

« taking to universty students ard being informed about career prospects can mprove

high school student's academic guidance
o it is importan:
helps relevant global problems

« ciscussing impartant work done by female scientists has a significant impact

INITIATIVE RATINGS = oTHeRs

LG

o understand the role of science in society and how science directly schools, Scentific ac

INCLUSIVE SCIENCE TEACHING

ACCORDING TO THE LITERATURE
IMPROVING SCIENTIFIC
SELF-EFFICACY

INCLUSIVE ACADEMIC
ORIENTATION AND
GUIDANCE TOWARD THE
STEM FIELDS

PRESENTING THE ROLE OF
PHYSICS IN SOCIETY

Data cbtained by national reports revealed that only 23.1% of
PROJECT graduated physics studants were female in the academic year
c ° N T EXT of 2020, 32,2% in 2021, and 27,4% in 2022.*

ACTION PHASE:

Design and implementation of
inclusive Physics interventions

HIGH SCHOOL INTERVENTION:
A Glimpse of Light

ude

various scientif
to the cent:
Activities  w

’ designed  to
strengthen physics self-efficacy
B {oy applying group work and

hands-on experimentation} and to
help studerts integrate science
into their own identities (PSEQ
and DYOP tests were applied).5¢

SUMMER SCHOOL:
Light in the Spotlight

Academic  orientation  program
towards participants fr

hands-on lcb experiences and
interdisciplinary projects (PSEQ
test was applied)

E quindi che sta succedendo
al mio oggetto?

Epistemic
Network
Analysis

(ENA)

FORCES AND MOTION (Technical school)

IAOTO RETTILINED

UNIFORBAEMENTE ACCELERATO

Un oggetto si muove di moto rettilineo

una i

2L L -

| RESULTS
‘ \/Sigmficant impact on teachers' orientati
toward teaching and teaching of physics
/More complex conception of the profession
| ¥ More open to innovation and collaboration
| v/ Greater emphasis on students’ learning }

i 5 HIGH SCHOOL STUDENTS.
- A

R

Initiatives

IVERSITY STUDENTS.
IGH SCHOOL TEACHERS
SITY PROFESSORS

1. Talk about gende fence to i
2.

P Y
3. Talk about that aim to in sclentific d d
4. Talk about the impertant work of female sclentists in histary (role models)

5. Conversations with older students that are already in sclentfic degrees

6.C i their work
7. Increase the use of gender-inclusive language (at university and schools)

8. C people that have pr ly gender in Science fields

9. Propose science/math competitions for women to increase female participation in this type of nitiatives
10, Creat pay attention university and schools)

11, Create at Scil

12.Propose ed at off for gender discri

13.C¢ t nd equality

14, role of Science in

l « Gender & inclusion in Physics
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International Journal of Science and Mathematics Education

Mathematisation skills for physics in secondary school: the relationship between performance

and confidence and the role of gender

S. Lippiello®, M. Carli#, O. Pantano?

Article in preparation

E Stefania Lippiello’s PhD project

confidence score PRE

confidence score POST

Females
4,00
3,26
[ ]
.
d [
2,50 oo
! ()
o e L4
(4 .
[ ]
1,756
\
bisector
1,00
0,00 2,50 5,00 7,50 10,00
test score PRE
Females
4,00
L)
3,25
® L]
[
( ]
9,0
2,50 S .
[ ] o ®
* 0
[ ]
1,75
bisector
1,00
0,00 2,50 5,00 7,50 10,00
test score POST

confidence score PRE

confidence score POST

Research GRoup
on Astronomy
and Physics
Education

Males
4,00
[ 1)
3,25 L L L\ d
°
°® .
L4 .
o ®
o  ®
2,50 o
L]
U
L]
1,75
bisector
1,00
0,00 2,50 5,00 7,50 10,00
test score PRE
Males
4,00 L2
° L
3,25 -
| e%®
_— ° °
L
e 8
@ [ ]
2,50 L4
1,75
bisector
1,00
0,00 2,50 5,00 7,50 10,00

test score POST
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Teaching scientific practices in high school: a learning progression

. Scientific practices first year second year
(L. Gabelli et al.)
A. Asking questions and 08 Dynamometer 19 Mechanical waves
defining problems

02 Range and sensitivity of scales

B. Developing and Using 05 Vector sum 22 Circuits

models 10 Motion in the plane

C. Planning and carrying out 06 What the pendulum period depends 15 The second principle of dynamics

LIS SAtOR on 21 The fundamental law of
thermology
D. Analysing and interpreting | 01 Causes of pendulum error 23 Ohm's first law
data . .
11 Linear motion
Article in preparation
E. Using mathematics and 04 Relationship between volume and 18 Energy
computational thinking mass of objects

« Lucia Gabelli's PhD project 13 Free fall

F. Constructing explanations 03 Improving the period of a pendulum | 17 Circular motion
RS e 12 Uniform linear motion
G. Engaging in argument from | 07 Weight force 24 Resistance of a conductor
ids . .
evidence 14 Uniformly accelerated motion
H. Obtaining, Evaluating, and | 09 Dynamic friction 16 Seat belts
communicating Information
20 Sound
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Current MSc theses

* Improving the Test of Calculus and Vectors in Mathematics and Physics:
an evidence-centered approach (Luca de Vidi)

* Students' attitudes about experimental physics at the University of Padua:
a ground for innovation (Davide Caruso)

* Teaching quantum physics in secondary school: the teachers' perspective
(Denis Cogo)
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* Undergraduate labs
* Based on the ECLASS instrument

Newest project/1

Data NOT from our research (data collection still ongoing)

1.0
When doing a physics experiment, | don't think much about sources of systematic error.
0.82 0.86 Strongly Disagree 1 2 3 4 5 Strongly Agree
- What do YOU think when doing experiments for
» 08 75 g exp OO000O0 ®@not answered
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» High school labs

Newest project/2 « Use of Arduinos/smartphones in the lab
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Our group

Current Master's students:
® Davide Caruso
® Luca De Vidi

O ® Denis Cogo

Eva Elisa Dryden Silva

NEW! Eugenio Tufino
Post-doc (starting July24)
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Speaker: Office n. 318 — Polo Didattico
marta.carli.1@unipd.it

Group: Offices @Polo Didattico, via Loredan

@uestions are welcome!
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