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Abstract

In this paper we present a project dedicated to the development of a didactical
toolbox of material for teaching assistants (TAs) supervising exercise classes
for non-physics majors at ETH Zurich. With our material we were able to
support TAs in preparing high-quality exercise sessions for their class which
go beyond direct instruction and activate students intellectually and
emotionally. The materials are developed for 13 exercise sessions and are
presented in the form of an eBook. The materials were immediately used by
several TAs in dedicated focus groups. The positive feedback of students and
TAs suggests that our material helped to activate and engage the students,
enhancing their learning - even in the challenging setting of online teaching.
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1. Introduction

As a polytechnic university, ETH Zurich has compulsory introductory physics courses in
almost all of its bachelor study programs. The Department of Physics is offering a total of 14
different physics courses which are all tailored to the specific needs of the non-physics major
programs. In addition to a physics lecture, which typically adresses several hundred students,
small-group exercice classes, comprising 25 to 30 students each, are an integral part of the
educational offer. The main goal of these exercice classes is to train students in applying the
concepts that have been discussed in the lecture. The exercise classes are run by more than
150 teaching assistants (TAs), most of them being PhD students.

In the past, the Department of Physics made a huge effort in reforming its introductory
lectures according to well-established educational principles (Meredith & Redish, 2013;
Crouch & Mazur, 2001). The exercise classes, however, remained almost out of focus. TAs
are invited to attend teaching courses which are offered by the central support unit, but the
general principles covered by those courses is of little help when TAs have to plan, organize
and teach physics in their classes. How can we improve the learning success in physics
exercise classes? Which strategies can help to step out of standard automatism such as pure
exercise-solving and direct instruction? How can we “hook and hold” the students? With
regards to those questions, we have developed a didactical toolbox including a wide range of
tailored teaching material for our TAs.

The idea for the EPT (Engaging Physics Tutoring) project arose from our observation that in
practice many TAs struggle to implement techniques which they have learnt in general basic
teaching courses. Furthermore, the time it takes to prepare an engaging lesson usually
exceeds the preparation time which TAs can invest in addition to further duties like correcting
homework and managing their class. Therefore, in this project we developed a didactical
toolbox of materials for physics TAs and published it as an eBook (Bondar et al., 2021). In
2020 we have used the toolbox as a pilot in 13 exercise classes and we reported how TAs
have been using it for improving their instruction. Due to the Covid19 pandemic, half of the
exercise classes were taught online.

2. Approach and developments

2.1. Structure of the developed materials

The toolbox consists of concept questions (Oliveira, 2013), advanced organizers
(Gurlitt, 2012) and case-based calculation examples. Additionally, we included ideas for the
“hit” of each lesson — which is based on an engaging phenomenon, that involves the students
emotionally and fosters their active thinking in order to help them developing higher-level
competences. Occasionally we also included “hands-on” experiments that are especially
suitable for online performance and activation of the students.
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Most of the material is based on real-life examples in order to motivate students, encourage
them for active interaction and engage them emotionally. Figure 1 illustrates some examples
of application ideas used in the materials.

Examples of application ideas developed for MC questions & calculation workouts
e Mujinga Kambundiji sport challenges (kinematics, energy) e Focus with Roger Federer (F-t diagram)
e Raumstation im Orbit (circular motion) e Enjoying beach of Israel (Interference)
e Tauziehen Wettbewerb (Newton’s laws) e World Trade Center Stair Climb (power)
e Base jumping experience (Newton’s laws) e AC/DC hort man am besten laut (waves)
e Santain Sledge (free-body diagrams) e Helping dolphins (waves)
e Mike Tysons Rechte war gefiirchtet (Newton‘s laws) e Corona-pandemic waves (units)
e Krishnas «Butterball» (friction) o (Climbing the Everest (units)
o Arbeits-Zeit Diagramm of Elon Musk in Space-X (work) e Mistake by Mars Climate Orbiter (units)
e Bats and Doppler shift (Doppler effect) e Fun with husky dogs (work)
“Hits” of the lessons “Hands-on” experiments
e landlady & radioactivity: Hevesy story (radioactivity) e Catching Kendama (angular momentum)
e Shroud of Turin (carbon dating) e Falling book bang! (friction)
e Drone and hurricane Eduard (kinematics) e “Singing” cup (standing waves)
e Playing cards with Newton (Newton'’s laws) e Balloon rocket attacks (Newton’s laws)
e Violin slip-stick beauty (friction) e Ruler magic (friction & lever principle)
e Riding the wall of death (circular motion)
e Helmet crash test (energy)
e Keep the speed limits (energy)

Figure 1. Real-life examples implemented in the materials; MC=Multiple Choice.

2.2. Didactical approach

With the toolbox at hand, we encouraged TAs to use our materials relying on a well-
established approach in the design of their exercise class. Namely, they have to align their
planning with specific learning goals of the course, which then define the teaching content
and activities of their lessons. Assessment techniques should be applied to inform students
and teachers whether a teaching goal has been achieved. This will ensure constructive
alignment of all teaching and learning activities (Biggs & Tang, 2015).
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The developed materials are aligned with learning objectives of the class and can serve as a
basis for the design of learning activities and assessment tasks during the exercise session
(see Figure 2). In addition to the traditional teaching approach, TAs can develop own
activities based on the collaborative and highly interactive SCALE-UP approach (Feldman
etal., 2019).

Learning objectives

Learning activities Assessment tasks
Figure 2. The materials can be used as a basis for the design of Learning activities and assessment tasks.

2.3. Some Examples

Here we give some examples of the developed materials; Figure 3 shows examples of real-
life applications of the topics of units (Mars orbiter) and of friction (violin vs. squeaky door).

Enjoying “slip-stick” beauty of violin

Inspired by Helen Czerski

The Mars Climate Orbiter
Why units matter

What happens when the bow is touching the string?
o

The mistake...
Mission control on earth calculated with american units, The satellite calculated with Violin vs. squeaky door?
Sl-units. The numbers sent from mission control to the satellite, were in Ibfs (Pound Viokn music and squeaky door hinges are both examples of the po urfaces
force-second). But the satellite expected Ns (Newton-second)! | ]
m
11b=0.453 k 9806 t
& lbfs = 1b-gy 15 = —S-15 = 1b-32175%
1ft=0.304m 0.304 $
7t
> 1Ibf=4.48N

» Corrective maneuvers were too small by a factor of 4.48! . .
Can we transform the mechanics of a squeaking door

into a breathtaking violin concerto;)?

ipecha. org /i /Mars_Chemate_Orbier -
vkipedia org/wikyPousd_[force) =EPT —=gpr

Figure 3. Examples of real-life applications of the topics of units (left) and friction (right).

For students it is also important to have a bird-view of the topics presented during the
semester, as it enables them to create a network of knowledge. To help students following
links between different topics as well as their common frameworks we also prepared mind
maps. These schemes can serve as road-maps while working through the corresponding sub-
topics. Figure 4 shows an example of a mind map dedicated to kinematics.
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Von der Kraft zur Position: Rechnen mit Massenschwerpunkten

Wieweit.? | x 1‘!

Wie schnell...?
Anhalten: Yyt I
| Bewegungsgleichung
Newton I

FR/’? Komponentenweise m— .. ‘oa Integration
v > my=... < :
X s DGL losen
s =]
Aligemeine mechanische Krifte v
F=(F.F.F) | Gesamtkraft I

¥ T P | i .

Frs= 2 F; o | Kriaftegleichgewicht Anfangsbedingungen:
Fra=0 |——————] a (i) = vi() =% * (i) =%

vy = const

=EPT

Figure 4. Example of a mind map on kinematics.

2.4. New developments

As a new method, we have developed a “2Q” system. At the beginning of each class, the
students are asked to answer a set of two Multiple Choice (MC) questions which are closely
related to learning objectives of the lesson. The answers are not yet revealed. At the end of
the exercise class the students are asked to answer the same questions again, after which the
correct answers are discussed. This system allows the TAs not only to assess the learning
success in their lesson but also to outline key topics of the lesson and provide a road map for
the students.

We got very positive feedback about this system from students (Figures 5, 6, 7, 8) as well as
from the TAs (Figures 8 and 9). Furthermore, we observed that the questions activated and
engaged the students right from the start of the lesson. Sets of suitable questions for each
lesson are included in the toolbox.

3. Implementation and feedback

The materials were immediately used by 6 TAs. Namely, we had two dedicated focus groups
almost entirely teaching their lessons with our material. Another four TAs were occasionally
using the material as ideas / building blocks for the design of their lessons.

In order to estimate the success of the project, we used an online anonymous survey to collect
student feedback. The survey was administered to one of our focus groups, where at least
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90% of each lesson was based on our materials. Below you will find students’ answers to
some key questions. A total of 26 students responded to the survey.

How did you find the materials presented during the class? How useful were the materials for your learning?

@ Super useful

@ Super

® Good | @ Good

@ Ok @ Not so useful
‘ Bad @ Not useful at all

38,5%

Figure 5. Results of student’s feedback on usefulness of EPT materials in their learning (N=26).

Which materials did you like the most?

26 responses

Theory 19(73%)
Clicker-questions 21(81%)
Example tasks 11(42%)

0 5 10 15 20 25

Figure 6. Results of students’ feedback on favorite types of EPT material.

For what were the materials most useful

26 responses

Solving the exercises 10(39%)

Motivation 11(42%)

16(62%)

Knowledge organization

22(85%)

0 5 10 15 20 25

Concept understanding

Figure 7. Results of students’ feedback on the role of EPT materials in their own learning.

The positive feedback from students and from the TAs suggests that our material helped to
activate and engage the students emotionally and to enhance their learning - even in the
challenging setting of online teaching.

In particular, the results of the diagrams in Figures 6 and 7 show that on average the students
rate the role of the materials for their conceptual understanding higher than for their problem-
solving skills. This is particularly interesting since the example exercises were, most of the
time, very close to the homework exercises, by using similar ideas and solution paths. The
missing competence to transfer knowledge to specific problems is a common issue in the
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learning process of non-experts (Rebello et al., 2007) and is therefore especially relevant for
students of introductory courses. The performance of the TAs also plays an important role,
which we neglected here. Our evaluated focus group was taught by an experienced TA.

For me the clicker questions were really useful to
reuse in my TA session, as preparing clicker ques-
tions takes a long time, if | have to do it myself.

Ich finde die Ubungslektionen toll!

Unter anderen finde ich die Idee super, am Anfang 1 think the clicker questions worked really well,
Fragen zu beantworten und am Schluss nochmals, especially for remote teaching. This was how |
um den Fortschritt zu sehen. was able to engage my students the best way. /
@l
ol

Die Theorie ist super gegliedert und die Konzepte Super well-structured and great examples,
kénnen oft fiir das Losen der Aufgaben als Anhalt

genutzt warden.

exactly the right length to use
in the 45 min class.

— Clicker questions led to interesting discussions

about the solution. /
— e
X Many thanks for creating all these great
M DiclClckerfiagen und dicnechiicssende materialsi! | think they were awesome and
arungen bringen sehr viel fiirs Verstandnis! rny/stieleritslala 1ovetd e /
Die Theorie ist super, um das Konzept zu Examples of daily life worked really well to
verstehen, und die Clicker-Fragen sind hilfreich! motivate the students to think about physics. )
|
There were a very nice summary for the
Guter Aufbau der Ubung. students and helped me extremely preparing I
for the classes. 4

Die Mischung aus Ubungen und Theorie ist super.

Please keep it up! I'd be very happy to profit
from your materials next semester again!

Figure 8. Further impressions from students and TAs.

I'm teaching a physics class at ETH, and first time I was able
to profit from slides that were not mine. It's also the first
time that the students were participating much more actively in
the class; not only in the multiple choice but also already in
the summary/theory slides. I'm convinced it's due to the much
more quality material that I was able to use and present to
them. Since I didn't need to spend a lot of time on preparing
material for the class, I was able to spend more time on
correcting the exercises more detailed, which the students
appreciated as well. It's really a fantastic service you
provided and it was extremely helpful, both to me and the
students. I hope you are gonna continue with your team, I'm
sure all the TAs and students would be extremely happy! Thanks
a lot again for your effort!”

Figure 9. Comment by a TA.

4. Summary and outlook

We have developed a didactical toolbox of material for TAs who are teaching exercise classes
for non-physics majors. The material of the toolbox was used by several TAs and we
collected feedback from students and TAs from one focus group. Based upon the positive
feedback received, we conclude that our material helped to engage the students and to
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enhance their learning. The toolbox played an important role in preparing high-quality
exercise sessions, which both students and the TAs enjoyed together.

However, we realized that, besides providing teaching material, it is also paramount to
establish a community of practice, where TAs can share and discuss their teaching
experience. Fostering PCK (Pedagogical Content Knowledge) (Carlson et al., 2019) is as
important as providing good teaching material.

This successful experience now has motivated us to continue the development of our material
and to expand our focus to all of ETH Zurich exercise classes for introductory physics. In
addition we will also focus on PCK and on social aspects in teaching.
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