Teaching physics in the woods®
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We developed a two-day physics class that uses a nearby forest as a teaching location. Using low-
cost material, students design and carry out physics projects outside of the usual controlled
environment that is a classroom. In this way, they come to realize that physics can be used to
understand the real world. They organize and present their results in an original format, an exhibit
they collectively build. This project is an introduction to the role physics can play in exploring
environmental issues, incorporating a sensitive and positive aspect which is important in this time
of environmental crisis. © 2023 Published under an exclusive license by American Association of Physics Teachers.
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I. INTRODUCTION

Universities cannot ignore the environmental crisis and
need to adapt their curricula.”? In France, it will be manda-
tory after 2027 to offer classes covering the notions of sus-
tainability and environmental crisis in every undergraduate
program.’ Physics, as a discipline, offers several relevant
approaches to address this issue."*> At the undergraduate
level, one of the most obvious entry points is the concept of
energy, as it is already taught at this level and can be used to
address various aspects of the environment such as renew-
able energy or the greenhouse effect.’

In May 2022, the international workshop “Reimagine
Physics Teaching” brought together university physics teach-
ers to reflect on original ways and the possible evolution of
teaching physics.”® One of the outcomes of this workshop
was the idea for a new exercise, taking place largely in a for-
est and letting students look at the forest with the physicist’s
eye. The goal is to demonstrate the usefulness of physics to
tackle larger problems through an engaging and original
activity. Building upon this idea, we developed a new exer-
cise: In two days, students design and carry out physics
experiments from scratch in the forest, analyze their data,
and present their results in an exhibit they build together.

II. DESCRIPTION OF THE EXERCISE

The objective of this project-based exercise is to let stu-
dents explore how physics can describe the real world, out-
side of the laboratory and controlled experiments. We want
the students to see how physics can be used to understand
nature, even though nature is more complicated than simpli-
fied models. This is a first step in understanding what role
physics could play in addressing the environmental crisis.
We want students to observe the forest, identify a scientific
question based on some of these observations, design and
carry out an experiment to investigate this question, analyze
the data, communicate the results to peer students, and reflect
on their place in the environment.

Additional objectives are to develop students’ soft skills:
group work, sharing and transmission of knowledge, and cre-
ativity. Finally, we want students to take pleasure in doing
physics even though the environmental crisis is a daunting
subject.

This exercise was given to 16 undergraduate students
from our university who were following a dual physics and
geology curriculum. The students were a mix of second year
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(12) and third year (4) students. It took place in early
September, on two consecutive days. A striking point of this
exercise is that it partly takes place outdoors, within a forest
a few minutes away from the classroom building. A large
picnic table next to a trail served as a meeting point for the
outdoor activities. An illustrated summary of these two days
is provided in the supplementary material.’

A. Day one: “Understanding the forest”

The starting activity is an ice-breaker to let the partici-
pants know each other and to set the tone for this exercise.
The students are tasked to wander in the forest individually
and in silence and to observe the forest. After 15 min, they
have to bring a keepsake of their wandering to the picnic
table and present it to the rest of the class. The teachers also
participate in this activity. Then, still around the picnic table,
the teachers present the objectives and the organization of
the exercise to the students.

Next, the students, in pairs, have to look for ideas for
physics projects. To guide their thoughts, they pick three
random constraints among a list, for example: sounds/tiny/
very large/count/fast/slow/colors/heavy/light/tree/alive/liquid,
etc.” They have to imagine projects in relation to each of them;
other ideas are also welcomed. This phase of exploration is
held in the forest (Fig. 1), but after sufficient time, everyone
gathers in a classroom to make a catalog of all the project

Fig. 1. The students are looking for project ideas in the forest.
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Fig. 2. A group of students is studying the flow of a river.

ideas. The teachers help to synthesize ideas and to check the
feasibility of projects.

Once the catalog is done, each pair of students chooses a
project, not necessarily one of their own. They have then the
rest of the day to complete it: devise the experimental proto-
col, perform the measurements in the forest (Fig. 2), and ana-
lyze their data. To do so, they only have a limited time
(about 5h), and low-tech equipment such as their smart-
phone, ropes, rulers, and measuring tapes. Equipment is
added for some specific projects (for example, a portable
Bluetooth speaker for an acoustic study). The students carry
out their measurements autonomously in the forest and can
return to the building to analyze their data. To close the day,
each group presents their results to the rest of the class
informally.

B. Day two: “Explaining the forest”

The goal of the second day is to present all the project
results in a shared original exhibit, for which the students are
responsible. They are strongly encouraged to look further
than a series of posters, and to think of different ways to
interact with a public such as mock ups, short activities,
small discussions, or quizzes. They are also responsible for
the overall organization and design of the space, as well as
the different materials that need to be printed (labels, titles,
posters, etc.). Their constraint is that the exhibit should be
coherent and not simply a juxtaposition of different stands.
The start of the day gives the students tools to achieve all of
this. They are first invited to explore an “inspiration room,” a
room that contains references on science, but also design,
art, and do-it-yourself projects.'” They are also given an
introduction to fast prototyping, in order to give them a
working method for the very short time at their disposal.’
Rapid prototyping is a method that was first used in software
development, but which was later applied to different
fields.'""'? The key idea of this method is to make prototypes
very early in the course of a project, even if these prototypes
are imperfect and roughly made. The goal is not to have a
perfect model that represents the end product but to obtain a
working object with which we can interact and test our
ideas.® Here, we gave the students 30 min to build different
mock-ups of their ideas for the exhibit using frugal materials
such as toothpicks, playmobile sets, stationery, play dough,
wooden skewers, and cardboard. Students then had 3 h to
design and build the exhibit, identifying the different tasks
that need to be done and dividing them among different task
forces. The opening of the exhibit, midafternoon, fixes a
strong deadline. Anyone in the building is invited to visit the
exhibit and discover the students” work (Fig. 3).

Fig. 3. The students present their results in a public exhibit they collectively build.
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Working on an exhibit is unusual for our students; we
chose this format to force the students to think outside of
the usual lab reports and work on their soft skills. It is a
way to highlight their work, and the interaction with the
public is rewarding for them, even though the exhibit is
short-lived.

The exercise ends with the exhibit opened to other stu-
dents in the university, followed by a debriefing session,
allowing students and teachers to discuss these two days.

III. PHYSICS IN THE FOREST

Different kinds of projects can be carried out in a forest to
explore the role of physics:

* measuring a property (e.g., measure the mechanical
response of a spider’s web);

* estimating a quantity (e.g., estimate the number of trees);

e measuring a distribution (e.g., the distribution of the
height of trees);

* testing a law of physics (e.g., the fall of bodies);

* testing a scaling law (e.g., diameter of trees according to
their height);

* building an experiment (e.g., build a frugal microscope).

This diversity gives a wide range of possible projects.
Even though we want students to define their own proj-
ects, we checked the feasibility of this method of teaching
physics by playing the role of students beforehand: We
made a list of possible projects and tested out some of
them. For example, we measured the diameter of a spider
silk using a red laser pointer and observing the interfer-
ence pattern of the illuminated silk. We found an interfer-
ence pattern consistent with a thread of a 9 um diameter
with a 10% uncertainty. This is in the expected 5-10 um
diameter range;'? we also measured a dusty indoor cob-
web and found a larger value (22-um diameter) presum-
ably due to the dust thickening the thread. Manipulating
spider silk is a bit delicate, but not that difficult. A student
project could be to study whether the diameter of the silks
is constant everywhere on a given web, or whether some
threads are wider (and possibly stronger) than others.
Another project could be to compare outdoor and indoor
spiderwebs to investigate if the diameters of the threads
are different.

A second example is the measure of Young’s modulus of
tree branches. Young’s modulus is a parameter that will
limit the maximum height a tree can grow before buckling
appears.14 We measured Young’s modulus of a branch
(70 cm long, with a 1-cm diameter) by using different tech-
niques: either by applying a force at the extremity and mea-
suring the deflection of the branch or by measuring its
natural oscillation frequency (see the supplementary
material® for the details of the equations and hypothesis).
When we attached a 0.45 kg water bottle at the extremity of
the branch, a 5-cm deflection was measured, corresponding
to a 2 GPa Young’s modulus, with a 20% uncertainty due to
the deflection measurement. The natural measurement fre-
quency can be measured by different methods; video analy-
sis, detection of the mechanical vibrations with a
smartphone accelerometer in contact with the base of the
branch, or with a smartphone magnetometer if a small mag-
net is attached to the branch. All three methods led to a nat-
ural frequency of 11Hz with a precision of 5%. This is
consistent with a Young’s modulus of 7 to 8 GPa if a wood
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density of 500kg/m® is assumed. Even though the same
branch was used for these measurements, the results are sig-
nificantly different. The fact that the cantilever models do
not exactly describe the system can be caused by various
factors; for example, the branch was modeled as a perfect
1-cm diameter cylinder, which it was not. A student project
could be to check the scaling laws predicted by the models
when varying the load, or the length and diameter of the
branch.

We made a list of experiments to be made available to stu-
dents lacking ideas for projects, which is supplied in the sup-
plementary material of this article.” During the actual
exercise, we did not need this list, and the students came up
with their own ideas, among which they picked:

« the study of the fall of acorns (Does the free fall model apply
to acorns? Can the fall of many acorns kill a passerby?);

* the study of the flow of a river (Compare different ways of
measuring or estimating the flow of a river. Is the flow
homogeneous across a river cross-section?);

e the optical magnification of a drop of water on a leaf
(How does the size of the drop, considered as a lens, affect
the magnification?);

« the relationship between the size of the trees and the slope
of the ground on which the trees grow (Is there a correla-
tion between these two parameters?);

* measuring the flexibility of a tree or a branch (Measure an
averaged Young’s modulus modeling tree branches as
cantilevers.);

¢ sound attenuation in the forest (How does the tree surface
density affect the sound attenuation?);

* relation between the tree surface density and tree height
(Is there a correlation between these two parameters?).

Compared to students’ labs in controlled environments,
prepared and verified beforehand by experienced teachers,
these projects often do not provide clear results. This is
deliberate on our part. It helps students understand that a
classroom experiment is a carefully contrived situation.
Furthermore, they realize that even with the limited time and
material at their disposition, they can obtain relevant infor-
mation; the fact that more advanced experiments would be
needed to go further is then discussed.

Letting students develop their own project is an effective
way to engage them; they are conducting their own study, not
their teacher’s. One consequence of this freedom is that some
of the projects chosen by the students may have only a remote
connection to the notions of environment, sustainability and
climate. It should be possible to guide the students a bit more
in that direction by letting the students think about how these
notions affect the forest and could be linked to their projects.
The project conducted by a pair of students during our exer-
cise, looking for a correlation between tree size and the slope
of the ground, is a good example of a project that moves away
from pure physics into environmental physics.

IV. STUDENTS’ FEEDBACK

A brief online survey was sent to collect students’ feed-
back, in addition to the oral debriefing. It contained a few
questions, some quantitative, and some open ended. The
small number of students (16) does not allow for a solid sta-
tistical analysis, but a qualitative analysis can be performed.

As often during a novel teaching method,'® the general
feedback from the students is positive. In answer to the
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survey question “What did you think of this exercise?” the
average of the student’s answers was 6.1 on a scale from 1
(“I did not enjoy it”) to 7 (“I loved it”), and the statements
collected during the debriefing or open-ended questions are
positive. For example: “another point of view on equations
and physics”; “Feeling good”; “Satisfaction at having been
able to perform a scientific project from A to Z7; “we are
completely immersed in a social and scientific experiment
and it feels good"”; “I really loved it.”

Regarding physics learning, to the question “Do you feel
you have learned more or less than during the same number
of hours of classical lab class?,” the average answer was 4.6
on a scale from 1 (“much less”) to 7 (“much more”). In other
words, the students believe they learned about as much dur-
ing this exercise as during a classic lab experience.

Several main themes can be found in the debriefing and in
the students’ open-ended responses:

» teamwork (“getting organized as a team”; “This lesson
gave me knowledge about [...] teamwork™; “teamwork can
be very effective if you get organized’; “teamwork is not
easy because we all have different ideas and we don’t
agree so easily”);

 freedom and autonomy (“The freedom we had”; “choose
the theme we want to work on ourselves, and set up our
own experiences.”)

« the link between theory and reality (“Science is everywhere,
you just have to make a little effort to notice it.” ““‘Another
point of view on equations and physics”; “A more concrete
aspect of research and how we can apply our knowledge”;
“Science is not just long and incomprehensible calculations”)

 the time constraint (“The time constraints. [...] it was an
adrenaline rush. It forced us to work fast (in a good
way)”; “stress to finish [...] the exhibit”)

* the low-cost aspect of the tools (“we can accomplish much
more than we think with little equipment” “‘there is no
need for very sophisticated equipment to do science”;
“with little we can do a satisfying job”; “one can experi-
ment from very little”)

* the pleasure of being in the forest (“Being outside and
looking at nature through physics”; “Telling the forest”;
“More forest”)

Having themes in the students’ feedback such as team-
work, autonomy, and the link between theory and reality is
not surprising since project-based learning is known to have
a strong effect on these subjects.'®'® The low-cost aspect of
the material also came up quite often, in a positive way. The
students are not put off by this low-cost approach, compared
to the usual lab instruments they use in other lab classes.
This approach gives the students more freedom than they
would have with more precise, but more fragile and more
expensive instruments, and is justified by the fact that the
focus of this exercise is on the process (how to do physics in
real conditions) more than on the precision of the results.
This is an approach that we had already successfully tested
in another context.'®

In general, university instruction taking place in a forest
either focuses on the forest (such as management or exploita-
tion of the forest), or uses it for field work in direct relation-
ship to the topic of the exercise (field trip for classes of
biology, ecology, or biodiversity).

Our approach is different as we use the forest as a place to
teach general physics. It is actually not that different from
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the Forest Schools.'*® Forest School is a form of education
particularly developed in Scandinavia and the UK, mainly
for kindergartens and elementary schools. It’s an outdoor
education, mostly woodland, that focuses on learning by
doing and hands-on activities. Albeit for the obvious differ-
ence in age group, we share the idea of a separate learning
space which offers more freedom, being removed from the
physical constraints of the classroom.

Another theme appears in the open answers of the stu-
dents, with a negative aspect: The presence of mosquitoes
during the two days of teaching. Despite being somewhat
anecdotal, these answers underline an important point:
Unlike a classroom, where all the technical aspects can be
controlled, going outside introduces some unpredictability.
The weather is an obvious example of an uncontrollable fac-
tor that can impact an outdoor exercise, and it is prudent to
plan ahead for different teaching scenarios depending on the
conditions.

V. ADAPTING THE FORMAT

Is this exercise transposable to other universities, given
adaptations to the local context? The salient points seem to
us to be the following:

* low-cost experiments outside the labs;

e let students figure out an interesting problem to
investigate;

e the autonomy and freedom they have to take charge of
their project;

* the creative presentation of the results.

The forest is not that important as such. It serves as a natu-
ral setting that students explore, but Nature is not limited to
the forest, and this exercise could easily be adapted to other
places: a meadow, an urban park, or the streets of a city. For
example, we have also created a list of experiment ideas that
could be conducted in an urban setting or during a subway
ride (see the supplementary material).

The two consecutive-day format can also be adapted. We
appreciate this format for the dynamic it creates with the stu-
dents who are focused on their project without other aca-
demic concerns. It is easy to consider different formats: a
short one-day version, or conversely a longer version, with
more elaborate projects. One could also conceive hybrid sol-
utions mixing more classical exercise on environmental
physics and sessions in the forest giving students the oppor-
tunity to apply knowledge they would just have learned.

VI. CONCLUSION

We have designed an exercise that presents physics as a
useful tool to understand and investigate the real world.
While the question of the environmental crisis is clearly in
the background of this exercise, the setting allows students
to take pleasure in doing science and not address the climate
crisis directly. This exercise is project-based; its originality
is that part of it takes place outside, in the forest near the
classroom buildings. It is complementary to classes with a
content directly related to climate change, but it brings a
more sensitive and positive dimension. We are also in the
process of designing a popularization video to stage this
approach to physics in the forest.

This format could be adapted to other experimental disci-
plines, particularly with life sciences. In particular, we plan
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to introduce an interdisciplinary component to our own
teaching; physics is not the only tool for understanding
Nature, and using a multidisciplinary apg)roach is preferable
when studying environmental problems.” The same exercise
with supervisors coming from different disciplines (chemis-
try, biology, and ecology) would offer more diverse and
richer views to the students and would naturally open the
projects towards the subjects of environment, sustainability
and climate.
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