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6.1 E-Learning and teaching support

G. Schiltz

Strategic activities

27 lectures have been supplemented by the learning management system Moodle in 2013, reaching more than 4’000
students. Moodle was mainly used to support the course organization and to serve as a repository for course material.
For some lectures, however, supplementary pedagogical scenarios, such as self-assessment tests, formative evaluations
and collaborative tasks have been set up. More than 80 new episodes of the summary podcasts (audio/visual weekly
summary) have been produced (6 lectures) and peer instruction was extensively used (8 lectures) as well. 2013 has
been subject to a range of new teaching&learning activities:

• Participation to the TORQUE-initiative, which is the ETHZ interpretation of MOOCs (massive open online
courses). Students in one physics service lecture (Danilo Pescia) were supplemented by weekly videos covering
lecture topics.

• Online-assessment with multiple-choice questions. A compulsory midterm-test (Danilo Pescia) has been im-
plemented as a proctored exam, where students use computers to fill-in their responses.

• Besides providing printed master-solutions, selected exercises have been supplemented with video recorded
solutions (Leonardo Degiorgi). Videos offer better possibilities to explain, justify and illustrate the shown
solution (fig. 6.1).

• Due to the repeal of the “Testat”, exercise classes in three lectures (Wallraff, Wegscheider, Meyer) have been
restructured as an exercise-market. Depending on their preference students now can choose between different
types of exercise classes. Some classes focus on the lecture topics, some on the exercises. This new structure
was highly approved by students and by teaching assistants.

Figure 6.1: Video solutions (available from youtube, channel EduPhys)

Innovedum projects

The project on concept questions started in 2012 (Wallny) has successfully ended with a collection of 306 questions.
Those concept questions are now used in several introductory lectures.
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Promotion and Network

The teaching activities pursued at the department have been communicated to a greater public (2 presentations at
international conferences, 1 community presentation).

6.2 Ultrafast magnetism

Y. Acremann

Demagnetization of a ferromagnet can be achieved on the 100 fs timescale by heating up a ferromagnet with an
ultrashort laser pulse. Since the first observation by Beaurepaire et al. (PRL 76, 4250 (1996)) no unifying explanation
regarding the origin of this phenomenon could been established. The difficulty is to explain the ultrafast transport of
spin angular momentum to the lattice. This problem is not only of great fundamental interest, but also of technological
relevance: Future hard disk designs will use thermally assisted writing concepts in order to combine the long data
retention time, small bit size and high writing speed requested by the user.

Laser system

A femtosecond laser system has been purchased, installed and commissioned. The femtosecond laser system consists
of an oscillator, regenerative amplifier and pulse compressors. It delivers 1 mJ pulse energy with a pulse length of
25 fs and a repetition rate of 10 kHz. The relatively high repetition rate combined with a fourth harmonic generator
is intended to be used for pump-probe experiments using photoelectron spectroscopy for detection. The system’s low
noise allows for time resolved magneto optical Kerr experiments. The laser system is operational and currently used
in femtosecond pump-probe experiments using the magneto-optical Kerr effect to study magneto-dynamics.
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Figure 6.2: Pump pulses of variable length samples by probe pulses. The inset shows the auto-correlation of the pump pulses as a function of
the auto correlation peak width.

Transport model of ultrafast demagnetization

We developed a model describing ultrafast demagnetization as a transport effect: The pump laser pulse causes a
temperature gradient within the first surface layers of the sample. This gradient can be as large as 100 GK/m. The
chemical potentials for minority- and majority electrons are altered by the temperature, leading to a gradient of the
chemical potentials. It turns out, that the chemical potential of the majority electrons is affected most, leading to a
chemical potential gradient, which favors a spin current from the hot surface towards the substrate. The spin current
can be large enough to account for a significant part of the demagnetization effect. The model is similar in spirit to
the super-diffusion model from Battiato et al. (PRL 105, 027203 (2010)), yet it is based on a thermodynamic concept.
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It therefore contains the basic process in an analytically solvable form. The model is tested by pump-probe Kerr
experiments with variable pump pulse lengths and double pump pulses.

Spin detector

Together with the group of Prof. Schönhense (Uni Mainz) a novel spin detector was developed and tested. It allows
for parallel detection of the spin polarization of electrons as a function of their emission angle and kinetic energy. We
expect it to be significantly more efficient than the traditionally used Mott spin detector. We are currently building an
improved version of the detector, which will be used for spin and time resolved photoemission experiments.

6.3 Physics Education

C. Wagner

Agent based simulation of group performance: diversity versus faultiness

In recent years agent based simulations of problem solving have received increased attention in order to find a better
understanding of how the interactions between group members influence the group performance. Hong and Page (1)
developed a model where single agents were trained to solve an optimization problem and then sorted due to their
performance. Two groups were formed: a group consisting of the 10 best performers and a group where 10 agents
were randomly selected from the pool. The performance of the group of best problem solvers is then compared to a
group randomly selected from the set of all possible agents with different problem solving strategies. The outcome of
the simulation was that the 10 best problem solvers perform worse on a new problem than the 10 randomly selected.
The explanation for this result is due to the diversity of the group. Since the agents were trained on a specific problem
the 10 best problem solvers use similar solution strategies. In contrast, the randomly selected group shows a much
higher diversity and therefore performs better on a new problem. If we would like to apply the model to group work
in education is has the drawback that the agents never make mistakes. Thus, in this work we investigate the effect of
imperfect agents on the performance of the group using the optimization problem suggested by Hong and Page. The
optimization problem is to find the maximum along a ring of 2000 numbers, which are between 1 and 100. Each agent
has its own strategy to determine the maximum. The algorithm is designed in such a way that even the best agent
never reaches the maximal, which would be 100. The minimum an agent can reach is the average over all numbers
corresponding to 50.5. The results revealed that errors partially compensated the lack of diversity. Our simulation
shows that the group of agents with a medium error probability but low diversity solves the optimization problem
with the same performance as a group of perfect agents with high diversity (see Fig. 6.3). Moreover, the grade of the
solution is equal to the grade of a group of randomly selected perfect problem solvers.
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Figure 6.3: Performance versus error probability of agents. The performance of the low diversity group (diamonds) approaches with increasing
probability the performance of the high diversity group (squares) for p approx. 0.1.
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Fostering Concept Knowledge by Formative Assessment in High School Teaching of Physics

One of the major goals of formative assessment is to almost instantaneously evaluate students thinking and under-
standing of topics taught in class. In physics it is particularly important, that students grasp physics concepts right at
the beginning of a new topic in order to get used to them and to learn how to apply these concepts in different con-
texts. Moreover, formative assessment is also helpful for the teacher since he can easily recognize if the students have
understood the concept or not. In the latter case the teacher has to adapt the lessons to the level of understanding in
class and to properly adjust teaching. To follow these ideas we have developed three strategies firstly, lectures have to
be furnished with formative activities. These are activities, which allow for formative assessment. Secondly, students
need to know whether they have understood the concept or not. Thus we designed a monitoring tool where students
estimate their understanding of physics concepts. Thirdly, a diagnostic tool has been developed in order to evaluate
studentÕs performance of conceptual problems. In our project formative activities are limited to clicker questions.
The answering of a clicker question follows a strict procedure, which we think is important for the learning process
and the understanding of physics concepts. During the formative activity student protocol their answers using the
monitoring tool. It consists of a table to document the answers to the clicker questions and of a set of diagrams, for
each concept one. The students also have to protocol if their answer is correct or not. The understanding of every
concept is then illustrated in graph. For each correct answer the student moves one step up in the corresponding
concept graph starting at zero and for a wrong answer one step down. There is a lower limiter at zero and an upper
limiter, which depends on the number of questions asked. Therefore, if at the beginning the concept is not understood
the student still has the chance to reach the top level (Fig. 6.4A lower panel). But also if the student got the concept
at the beginning but starts to make mistakes maybe due to another concept the top level is left and the conflicting way
of thinking is easily identified (Fig. 6.4 B lower panel).
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Figure 6.4: Monitoring tool for Clicker questions (x-axis: number of question, y-axis: level, which is related to the number of correct answers).
The graphs represent possible time courses of student learning. (A) Students have learned the concept (upper panel: early learner; lower panel:
late learner), (B) students are not able to apply the concept correctly (upper panel: concept never learned; lower panel: interfering concepts).

In our pilot study we have used our formative assessment approach in a Physics class at the Kantonsschule Ro-
manshorn, where we have focused on the applicability of the monitoring tool. Three sets of clicker questions were
developed with 12 questions each. We are in the process to validate the clicker questions in combination with the
monitoring tool.

Analysis of Student Kinematics Concept Knowledge

We have developed a diagnostic test in kinematics to investigate the student concept knowledge at the gymnasium
level. The 56 multiple-choice test items are based on seven basic kinematics concepts we have identified. We per-
formed an exploratory factor analysis on a data set collected from 56 students at two Swiss high schools. For the
analysis we used the program SPSS. We used the standard Pearson correlation function to calculate the correlation
matrix and the maximum-likelihood method for the reduction. Before reducing the matrix, we determined the optimal
number of factors using the eigenvalues of the correlation matrix in decreasing order. Scanning the graph from left to
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right one can look for a knee. Then all the factors on the left of the knee are counted, while those factors, which fall
in the ”scree” of the graph, are discarded (see Fig. 6.5).

Figure 6.5: Scree Plot: The eigenvalues of the Pearson correlation matrix are depicted in decreasing order. The knee is between the factors
three and four. This suggests a three-factor model.

The last step in factor analysis was to perform a rotation of the factor axes to see if there was another set of eigen-
vectors, which is more amenable to interpretation. We used this option choosing the prevalent Promax-method. The
items can be analyzed at three levels of abstraction:

• Level A: Items with images (e.g. stroboscopic pictures)

• Level B: Items with tables of values

• Level C: Items with diagrams

The factor loadings for level A items are presented in Fig. 6.6.
Table 3. Factor loadings for level A items. 

Item Factor Corresponding Concept 

 1 2 3  

2 .80    

4 .75   C1: Velocity as a rate 

5 .95    

6  .38  
C2: Velocity as a vector  

7  .33  

8   .46  

9   1.01 C3: Vector addition of velocities 

10   .42  

11 .57   
C5: Acceleration as a rate 

12 [.18] [-.17] [.18] 

13  .52  
C6: Acceleration as a vector 

14  .95  
 

Figure 6.6: Factor loadings for level A items.

From the data presented in Fig. 6.6 it is obvious that all items (except item 12) can be clearly assigned to one of
the underlying factors. We note that all the items, which are grouped into factor 1, refer to the rate concepts C1
and C5. Furthermore, the items grouped into factor 2 refer to the vector concepts C2 and C6. Finally the items
corresponding to concept C3 load on a separate factor 3. We may draw the conclusion that the association of items
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seen by the students is in accordance with the association of questions seen by experts. Moreover the actual contents
velocity and acceleration seem to play only a limited role. Much more relevant for answering the items correctly is
the understanding of the mathematical concepts of rate and vector (including direction and addition). It is therefore
tempting to interpret the underlying factors as ”rate concept”, ”direction concept” and “vector addition concept”.


