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6.1 A kinematics concept/misconception diagnosis test

A. Lichtenberger

A majority of students have difficulties to understand physics concepts (Halloun & Hestenes, 1985; Hake (1998)).
Students often attend classes with solid misconceptions. In order to adapt to the proper concepts not only the concepts
have to be learned but also the misconceptions have to be removed (Wagner & Vaterlaus, 2011). This requires the
diagnosis of student concepts and misconceptions.
We have developed a diagnostic test, which identifies the student concepts and misconceptions in kinematics at the
high school level. The test can be used as an element of formative assessment. We have identified the following seven
basic kinematics concepts:

• C1: Velocity as a rate

• C2: Velocity as a vector

• C3: Vector addition of velocities

• C4: Displacement as area under the curve in a velocity-time-diagram

• C5: Acceleration as a rate

• C6: Acceleration as a vector

• C7: Change in velocity as area under the curve in an acceleration-time-diagram

To every concept, a set of corresponding misconceptions is assigned. The concepts as well as the misconceptions
have been verified by asking the students open questions and by analysing their answers. They have been confirmed
by experts and are in good agreement with concepts identified elsewhere (Hestenes et al., 1992).
The test consists of 56 multiple-choice items on kinematics, each item containing one right answer and three or four
distractors. Every distractor has been chosen in a way that it can be associated with one misconception. This is
different from other kinematics tests (Hestenes et al., 1992; Beichner, 1993). Thus the test not only uncovers student
concepts but also student misconceptions. The items can be furthermore divided into three levels of abstraction: items
with images, e.g. stroboscopic pictures (1), items with diagrams (2), items with tables of values (3).
For test validation interviews with students have been conducted and experts have been asked to revise the test. In
addition test theory and confirmatory factor analysis have been applied to the data collected from 285 students.
The kinematics diagnosis test is a useful instrument for the teacher as well as for the students to get feedback about the
concept/misconception levels. Every student receives two diagrams. One illustrates the percentages of items solved
correctly for each of the seven concepts and the other shows which misconceptions are still present (Fig. 6.1). The
teacher gets feedback about the performance of the class, which may help him to amend his instruction.
We have used the validated test in a preliminary study as pre- and posttest in mechanics courses at two high schools
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Figure 6.1: Diagrams illustrating the concept levels (left) and misconception levels (right) of a student.
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in Switzerland (56 students). The average normalized gain has been found to be 0.45. This value is similar to the
results found by Hake (1998) for physics courses with interactive engagement. The test contains 10 extra items about
basic mathematics. Each of these items refers to a corresponding item in kinematics. The test data has revealed a high
correlation between the mathematics and kinematics items.
In summary, we have developed and validated a diagnosis test, which identifies the student concepts and misconcep-
tions in kinematics at the high school level. It can be used in formative assessment or as a pre- and posttest to provide
information about the effectiveness of instruction.
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6.2 E-Learning and teaching support

G. Schiltz

Strategic activities
19 lectures have been supplemented by the learning management system Moodle in 2012. 12 introductory lectures
(service and internal), 3 teacher training courses and 4 MSc lectures reached more than 2000 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.
Summary podcasts (audio/visual weekly summary) and peer instruction (via concept questions) are now adapted by
a growing number of faculty members. More than 60 podcast episodes have been produced in 2012. Peer instruction
was extensively used by 6 lecturers and reached a total of 1990 students (Fig. 6.2).
Innovedum projects

Figure 6.2: Peer instruction in ,,Physik II”.

In 2012 a new project has been granted by Innovedum. Rainer Wallny is building a database of concept questions
(Fig. 6.3), which can be used by other lecturers as well.
Promotion and Network

The teaching activities pursued at the department have been communicated to a greater public (4 presentations at
international conferences, 4 community presentations).
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 Figure 6.3: Concept question

6.3 Simulation of conceptual change

C. Wagner

The analysis of misconceptions and the difficulty of conceptual change have been of major interest in physics educa-
tion research during the past few decades. Although many different strategies have been suggested conceptual change
is often unsuccessful. It appears that there is no study in the literature, which shows that misconceptions are fully
extinguished and replaced by new scientific concepts. Most investigators report that the old misconceptions are still
alive and only peripheral conceptual change has taken place.
In order to obtain a better understanding of the interaction between the presence of misconceptions and new concepts
during conceptual change we have constructed a mathematical model. It consists of two differential equations de-
scribing the dynamics of the concept level c and misconception level m as well as their interactions. However, these
variables are latent variables and have therefore no direct access. In order to measure the levels one has to design
problem sets, which have to be solved by the students. Hence, read out functions, cT and mT, have to be designed, in
order to estimate the latent levels from the test results.
Depending on the problem students have three different possibilities to answer a question. If they answer correctly
they apply the concept c. If they choose the respond due to the misconception the answer is related to the m-level.
Finally, if the student has no clue how to solve the problem the answer is dominated by the term (1 − m)(1 − c).
However, there also occur interferences between the read out of the concept and the misconception, which we account
for by the following equations.

cT = c(1− ξm) + ζ(1−m)(1− c)
mT = m(1− (1− ξ)c) + ζ(1−m)(1− c)
nT = (1− c)(1−m)(1− 2ζ)

The concept read out function is displayed in Fig. 6.4. If the misconception and the concept levels are both high, the
student faces an internal conflict. The outcome of this phenomenon is accounted for by the parameter ξ. Just by chance
students with no clue how to solve the problem can select the correct answer. It motivates the term ζ(1−m)(1− c).
The same also holds for the misconception answer. The sum of all three read out functions is of course one. The
read out function allows for properly exploring experimental data. Time courses of misconception levels often show
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Figure 6.4: Concept read out function depending on the latent concept and misconception levels for ξ = 0.5 and ζ = 0. The concept read out
level is given for (c,m) = (0, 0) lower left, (0, 1) upper left, (1, 1) upper right and (1, 0) lower right.

an unexplainable decay during the teaching phase although they are high again shortly after the learning units. This
phenomenon can now be explained in terms of the read out function. The decay is mainly due to the read out. In
contrast, the internal level stays high and determines the long-term behavior of the student.
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6.4 Productive practice

C. Wagner

Productive practice is a new way to design exercises in Mathematics. It is based on 4 tenets. First, the problems
should make sense for the student. Hence the student realizes while solving the problems that he achieves a better
understanding of the content. Second, the problems have to be designed in a way that students can make their own
discoveries. Problems also should allow for different solution paths. Third, the problems have to be reflexive. For
example, if a series of solutions has to be calculated it is easy to identify solutions, which do not fit into the series.
Fourth, the problems show an increase in difficulty so the each student can work until he has reached his own level.
We have transferred these tenets to Physics in order to design exercises for concept learning. Different basic design
principles were identified. In order to get a better understanding of a system one can, for example, explore the
parameter space or part of it. Another principle is to invert problems. For example, an electric field vector is given at
point P and the student has to locate two charges, which lead to the given solution. Finally, one extends the system in
a stepwise manner so that the solution consists of a series. An example hereof is to compute the electric field at the
origin while one change is located on the x-axis at −1 m. Then, one adds additional charges equally distributed on
the x-axis. Finally, the number of charges tends to infinity. Of course, this latter approach has to be applied with care,
so that the series converges. We have designed a set of productive practice problems in electrostatics and are now in
the validation phase. We challenged students and experts with the problems and received a positive feedback in the
majority (Fig. 6.5). We conclude that the experts enjoyed solving the problems and characterized them as challenging.
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Figure 6.5: Results of an anonymous survey using a 5-point Likert scale among experts (8 PhD-students or postdocs) about their opinion
concerning problems (number of problems: 4) of productive practice in electrostatics.

Further investigations will have to provide explanations, why the experts think that the understanding is not fostered
to the desired extent by the given exercises. Moreover, our goal is to explore how these problems can indeed enhance
conceptual understanding of students.
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6.5 Spin and demagnetization dynamics on the fs-timescale probed by energy and
angular resolved photoemission

Y. Acremann

Demagnetization can be achieved on the 100 fs timescale by heating up a ferromagnet with an ultrashort laser pulse.
Since the first observation in 1996 by Beaurepair et al. no unifying explanation regarding the origin of this phe-
nomenon could establish. Measurements were done by magneto optical Kerr effect (MOKE) and X-ray magnetic
circular dichroism (XMCD). Another approach to determine the magnetic state of a ferromagnet is to use photoemis-
sion of electrons with spin analysis which can be done by a Mott detector. This approach has the advantage to be a
very direct measurement or the magnetization: Electrons which form the magnetic moment are extracted and their
spin polarization is measured. Therefore it is not influenced by electronic effects caused by the heating laser pulse. All
the mentioned techniques use an experimental setup with variable time-delayed pump and probe pulses for excitation
and immediate measurement.
A novel, more efficient electron spin detector based on spin dependent low electron energy diffraction (SPLEED)
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Figure 6.6: Electron trajectories trough a cut-open SPLEED detector. The electrons exiting the hemispherical energy analyzer enter an
imaging lens system and scatter under an angel of 45 ◦ on an Ir crystal. The scattering process is energy and spin dependent. The exit lens
system images the output of the energy analyzer onto a detector consisting of multichannel plate, phosphorous screen and a CCD camera.

was developed by the group of G. Schönhense at the University of Mainz, Germany and successfully commissioned
and optimized at the Swiss light source (SLS), Villigen and at our laboratory. It has been used for first experiments
at the free electron laser facility (FLASH) in Hamburg. One of the benefit of this novel spin detection system is the
two orders of magnitude higher figure of merit in comparison with a Mott detector. Its imaging capabilities allow for
parallel detection of angel and energy if combined with a hemispherical energy analyzer.
As a laboratory source for ultrashort pump probe experiments a pulsed 800 nm laser system with 1.0 mJ pulse energy
and 10 kHz repetition rate was acquired in the year 2012. An optical parametric amplifier (OPA) allows for excitation
with various photon frequencies. A fourth harmonic generator (FHG) provides the photon energy needed for photoe-
mission into vacuum.
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