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Abstract
This Master’s Thesis discusses the construction and possible use of a cosmic ray
muon detector at the House of Science. A scintillatorbased detector has been
developed from the detector used in the Stockholm Educational Air Shower
Array (SEASA) project. The SEASA detectors were placed on school roofs
inside car ski boxes and were therefore visible to students. The new detector
is possible for students to handle by themselves. The new detector consists of
three detector plates that are placed on top of each other separated by 33 cm.

The school programme developed for students in the upper secondary school
focuses on encouraging students to learn how they could work with data analysis
and how a scientific model is developed and changed with time. The main
method used is developed by Millar et al. (1999) which studies if a laboratory
exercise is effective or not. The task tested in this thesis is shown to be effective
on level 1, but can hopefully be effective on level 2 with some changes. It is also
shown possible for the students to contribute to the meaning of the task.
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1 Introduction
This project is carried out as a Master’s Thesis in the course KTEX4N at
the Master of Science in Engineering and of Education program at KTH. The
project is a collaboration between KTH, SU and the House of Science, it discuss
the installation and possible use of a version of the Stockholm Educational Air
Shower Array (SEASA) detector at the House of Science (SEASA, 2009)

The House of Science is a owned by KTH and SU and pursues education
activities in natural science and mathematics. Their primary target group is
school children between 6 -18 years of age and teachers. In year 2003 House
of Science was opened on university area. The aim of the House of Science is
to “increase the interest of science and technology” (House of Science, 2009).
They also want to enhance contact between schools and the university (House
of Science, 2009). The House of Science arranges school visits where laboratory
activities requires advanced equipment and/or connected to current research can
be performed. Beside this they are involved in other projects with the aim of
increasing interest in the natural sciences, for example Explore Space (Explore
Space, 2009). A science tour to ten cities in Sweden were upper secondary
students get to meet scientists and work with questions related to space.

Stockholm Educational Air Shower Array was founded in 2002 by the Par-
ticle and Astroparticle group at KTH. The aim of the project is to bring “in-
tellectual and technical challenge of scientific research to high-school students”
(SEASA, 2009). The project gives students possibility to perform their project
work1 at their last year at upper secondary school in contact with KTH and
cutting-edge research. The students get opportunity to work with advanced
equipment, to collect data and analyze the results. Since September 2007 House
of Science is collaborating with KTH in the project.

The Stockholm Educational Air shower Array is a project in the Stockholm
region were cosmic ray detectors are installed on school roofs to give upper
secondary school students the possibility to execute laboratory work connected
to present research. After installation of a new detector it will be possible to
evolve new ways of using the detector, i.e. not only annual year project work.
When using the old detector only the students at the first year of the project
got to work hands-on with the detector. After this the detector is installed on
the foof and becomes less accessible. The years after students can only work
with data analysis and the detector becomes like a black box they cannot touch,
which is planned to change with the new detector.

At present there are six schools participating in the project. The schools
that attend the project at present are as follows:

Enskilda Gymnasiet
Nacka Gymnasium
Åva Gymnasium

1a 100 hour course in the end of upper secondary school were students plan and perform
their own project.
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Norra Reals Gymnasium
Thorildsplans Gymnasium
Värmdö Gymnasium
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2 Background

2.1 The Swedish curriculum and syllabus
The subject of Physics aims at providing such knowledge and skills
which are needed for further studies in the natural sciences and tech-
nology, but also for studies and activities in other areas. The aim
is that pupils should experience the joy and intellectual stimulation,
arising from being able to understand and explain phenomena in the
surrounding world. (National Agency for Education a)

This is the first phrase in the physics curriculum in Swedish upper secondary
school. This phrase put a lot of demands on the physics teachers, since they
should not only teach the students physics. Their teaching also has to organize
learning in a way that provides the students intellectual stimulation and they
should also feel joy when studying physics. Everyone that has taught knows
that this is a hard task. There is always somebody that is hard to reach. “The
teachers should also enhance the students ability to plan, perform, interpret and
present experiments” (National Agency for Education b). Experimentation in
association with models and theories plays a central role in physics education in
Swedish upper secondary school (National Agency for Education a). Students
following the natural science program should also be able to communicate their
knowledge and experiences in speech and writing and be able to acquire new
knowledge in natural science (National Agency for Education b). These are
some of the goals in the Swedish syllabus for physics and curriculum for the
nature of science program.

2.2 Nature of science
In a study by Millar and Abrahams (2008) it is shown that the overwhelming
part of experimental lessons that they studied focused on the substantive science
content rather than on aspects of experimental design or the collection, analysis,
and interpretation of evidence. To understand different aspects of experimental
design or/and collection, analysis and interpretation of evidence the teacher
need to have knowledge about the nature of science (NOS). In this section we
settle with that nature of science is the fundation of science.

There have been a lot of discussions about what nature of science is, if it
exists. Herron (1969) claimed that there is no sound and precise description and
Lederman (1992) says that nature of science is neither universal nor stable. In
1994 Roberts (1994) wrote that “little more needs to be said about the emphasis
itself” (p.13). Because much have been written about it. With the emphasis
itself he refers to the «Structure of Science» emphasis which is one of his seven
curriculum emphases. These seven emphases are seven different ways of teaching
science. This emphasis deal with “how science functions intellectually in its own
growth and development” (Roberts 1994, p.13).
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Level Problem Procedure Conclusion
0 Given Given Given
1 Given Given Open
2 Given Open Open
3 Open Open Open

Table 1: Model for deciding how open or closed an experiment is. (Schwab,
1962)

In a study by McComas et al (1998) eight international science Standard
Documents were studied and a consensus view of the nature of science objectives
was fond. These statements will be discussed in section 7.2.

2.3 Opened and closed experiments
Fors (2006) shows that upper secondary students that visit a science centre want
to make their own interpretations and be able to contribute to the meaning of
the activity at the same time as they develop a social identity. She talks about
extending or ignoring the meaning of an exhibit, were extending is that the
students connect their new experiences with what they knew or things that
they have experienced before. In the same text she writes that to achieve this
extending of meaning the design of the exhibit cannot be too inflexible and
limiting, or be closed.

A practical task can be more or less open-ended. One of the most common
ways to show this is as in table 1.

Level zero is when the teacher gives the student both the problem, how
to perform the task and that the task has one given answer. The openness
increases until everything is up to the student, the student decides what to
investigate, how to perform the investigation and draw it is own conclusion.
This doesn’t say that all tasks should be at a certain level, some things have to
be given for example you cannot let student investigate a strong acid without
any constraints. A task at level 3 is today more often found at a science centre
or museum than in school, or as it is called in informal institutions.

Informal education can according to Salmi (1993) be defined as “education
given by different institutes, whose first function is not to educate: newspa-
pers, television, libraries, youth free-time organisations, hobbies, peer groups
and family” and that “formal education is given by specialised organisations
representing the school system from pre-school to university” (p. 7). Important
differences that also can be observed is that the social aspect is more central
and that there is more unintended outcomes in the informal institutions. In
formal learning the learning is centered around the teacher and not the stu-
dent. There is a tradition that the teacher decides what to do, how to do it and
what conclusions that should be drawn. Salmi (1993) also concludes that one
important difference between informal and formal learning is the difference of
audience. In an informal situation the audience is inhomogeneous in contrast to
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the formal learning situations when the audience is more homogeneous. Most of
the time in school all children are the same age and also often come from similar
background, an informal institution is often used by both young and old and
people with different backgrounds. Sometimes the formal education institutes
meets the informal education institutes when school groups visits museums and
science centres.
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3 Aim
The aim of this project is to develop and install a cosmic ray detector at the
House of Science and produce a school-programme that agrees with educational
science research and the curriculum and syllabus for the Swedish natural-science
program at upper secondary school.

3.1 Questions to be addressed
The questions to be addressed in this thesis can formulated by following ques-
tions:

– How to construct a cosmic ray detector to make it accessible for the House
of Science?

– How to construct a school program that shows how scientists work with
data analysis and how theories change with time?

– How to perform this with the limitations that the detector creates in a
way were students can do their own interpretations and contribute to the
meaning of the task.

11



4 Method
The main method for this thesis is developed in the research project Labwork
in Science Education (LSE) in 1998. The version of the method used in this
thesis is the one presented in Mapping the domain - Varieties of practical work
written by Milllar, Le Marcéhal and Tiberghien which is included in the book
Practical work in Science Education (Millar, 1999).

The method is an instrument to study how effective an experimental task
is. At first the experiment is divided into four parts, see figure 1. In A the
teacher’s intended learning outcome is studied because it is crucial to know
what the teachers intentions are with the experiment. In the next step the
study looks at what the students are intended to do and what objects they have
available. Then the method concentrates on what the students actually do with
the objects, and the last step study what the student learn.

A student can in most cases perform the experimental task but the student
may not always understand the physics behind the task, the student doesn’t
learn the intended material. In some cases the students fail in performing the
experiment due to different circumstances, as Millar (1999) states it can be that
the student doesn’t understand the instructions or they may understand them
and follow every step of them but due to inadequate or faulty apparatus they
don’t see what is intended by the teacher. If the student can perform the task
and learn the intended material the task is considered to be effective on level 2.
If the student can perform the experiment as intended by the teacher the task
is effective on level 1.

When formulating and evaluating the experimental task in this thesis this
method will be used. Millar et al. (1999) have broken the boxes in figure 1 into
smaller parts. This parts can be used to see at what level a task is effective. For
example box A is divided into two sub-categories, content and process which
then is divided into smaller parts.
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Figure 1: A model of the process of design and evaluation of a teaching and
learning task (Miller, 1999)
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Content:

a) to help students identify objects and phenomena and become familiar with
them

b) to help students learn a fact (or facts)

c) to help students learn a concept

d) to help students learn a relationship

e) to help students learn a theory/model

Process:

f) to help students learn how to use a standard laboratory instrument, or to
set up and use a standard piece of apparatus

g) to help students learn how to carry out a standard procedure

h) to help students learn how to plan an investigation to address a specific
question or problem

i) to help students learn how to process data

j) to help students learn how to use data to support a conclusions

k) to help students learn how to communicate the results of their work

see appendix A for sub-dimensions of box B
To see if the students do as intended the same tables will be used and

thereafter compared to the first tables. The evaluation of the learning outcome
is more difficult because the student will only visit the House of science once.
The solution is to let the students write what they think they have learnt during
the task. Their answers will then be compared with the intended learning goals
and evaluated.

4.1 Selection
The school program will be tested at a class at second year on Technology
program in upper secondary school. To be a part of the study the students or
their parents have to sign an admission. The students can sign by them self
if they reached 18 years of age. If they don’t sign the form their ten minute
writhing will not be collected.
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5 Cosmic rays

5.1 History of cosmic rays
The history of cosmic rays starts after the discovery of radioactivity. Scientists
saw that the air was ionized constantly no matter how well they shielded their
detectors. Their first belief was that the air is ionized due to radioactive material
in the bed rock. The calculations done with that assumption showed that the
intensity should be half 80 meters up. Theodor Wulf, a German physicist,
climbed the 330 meter high Eiffel tower to confirm this statement. He showed
that the ionisation fell from 6 × 106 ions m−3 to 3.5 × 106 ions m−3, but after
330 meters the ionisation should have decreased further. Wulf hypothesized
that the radiation comes from above, this theory was not accepted by other
scientists (Wulf 1910).

To further investigate this Victor Hess made a balloon flight in 1912 which
reached the altitude of 5 km and during this flight the measurements showed
that the ionisation increased with altitude (Hess 1912). His results were later
confirmed by Werner Kolhörster, who reached 9 km an altitude. In 1936 Hess
received the Nobel prize for the discovery of cosmic rays together with C. An-
dersson who got the prize for the discovery of the positron. The term cosmic
ray was coined by another scientist Robert Millikan, who also was the first to
realise that the cosmic rays observed at earth are secondary particles. After C.
Anderssons finding of the positron it was realized that it was possible to look
for new particles in cosmic rays. C. Andersson and his colleague S. Neddermyer
thought they found the pi-meson, but it was the muon. The pi-meson was found
in 1947 when C. Powell made measurements in the stratosphere.

In 1934 experiments were done to investigate the east-west effect2 during
these experiments Bruno Rossi noticed that Gieger counters separated with
several meters discharged simultaneously. He concluded that “... it seems that
once in a while the recording equipment is struck by very extensive showers of
particles, which causes coincidences between the counters, even placed at large
distances from one another” (Rossi, 1934). Pierre Auger made at the same time
independent from Rossi’s results the same observation. He concluded that the
showers are created by a high energy particle that interacts with air molecules
at the top of the atmosphere. The energy distribution and arrival angle of the
particles was first studied by a group in Massachusetts Institute of Technology
In USA (Clark 1957). They created a 460 m circle of 11 scintillator detectors.

5.2 Physics of Cosmic Rays
Cosmic Rays consist of different particles with energy between ∼ 106 eV and
∼ 1020 eV. It consists of protons (86 %), helium-nucleons (11 %) and electrons (2
%), heavier nucleons up to uranium (1 %), which is the heaviest natural element,

2The effect that low energy cosmic rays from the east are suppressed compared to those
from the west because of the influence of the terrestrial magnetic field.
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and a small proportion of positrons and antiprotons. The origin of the particles
isn’t totally known, what is known is that the most of the particles comes
from sources in our own galaxy such as the sun (low energy cosmic rays), and
supernova remnants (high-energy cosmic ray). Cosmic rays can be divided into
three categories, low energy cosmic rays, high-energy cosmic rays and ultra high
energy cosmic rays, with following energy ranges below 4×1015 eV, between4×
1015 eV and 5 × 1018 eV and above 5 × 1018 eV. It can be shown that a
supernovae remnant can accelerate a particle up to 1014 Z eV, were Z is the
proton number, for calculations see Perkins (2003). For energies above this it
is not known what is accelerating the ultra-high energy cosmic rays. Particles
can be primary or secondary particles, primary is those particles that comes
directly from the source. A primary cosmic ray particle can interact with the
interstellar medium so that other secondary particles are created. For example
there is an over abundance of beryllium compared to solar abundance because
of primary cosmic ray carbon spallation .

When a cosmic ray particle hits earth’s atmosphere the particle collides with
the particles in the atmosphere. The original particle collides with air molecules
which creates new lighter particles which then collides with new particles. This
particles collides with new particles or decays into smaller particles. At earth’s
surface the original particle has created a shower of particles (see figure 2)
mainly consisting of photons, electrons, muons and nucleons. or as it is called
the electromagnetic, pionic and hadronic cascade.

If the original particle had the energy of 1015 eV, one million particles would
reach the ground consisting of 80 % photons, 18 % electrons 1,5 % muons and 0,5
% hadrons. Most of the particles detected by the SEASA detector are muons.
The different kind of particles has different lateral distribution. Hadrons is only
found close to the centre of the shower which makes them hard to detect because
they are only found in a small area. Photons and electrons are distributed over
larger areas but muons are the particles that are distributed over the largest
areas, which makes them easier to detect.

The Muon is a particle with the same charge as an electron but is approx-
imately 200 times heavier than an electron. A muon that reaches the ground
has an mean energy of approximately 4 GeV. During their way through the
atmosphere muons lose about 2 GeV of their primary energy (Bartels, 2000).
Muons are produced at 15 km altitude in the atmosphere and the overall an-
gular distribution of muons at ground is proportional to approximately cos2θ
(Bartels 2000), were θ is defined as the zenith angle, see figure 3.

Because of the reason that the particles decays in the atmosphere and the
distance to where the muons are created is longer in the vertical direction than
the horizontal direction there will be more particles hitting earth surface from
the vertical direction than from the horizon.
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Figure 2: A figure of the shower development, (cosmic rays, 2009)
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Figure 3: Definition of the zenith angle (Nasa, 2009)

A shower created by a particle with an energy of 1017 eV can be detected
up till 200 m from the showers axis while a shower with the energy of 5× 1014

eV is so small that it only can be detected in a very small area. As can be seen
in figure 4 less particles are hitting the earth’s atmosphere with high energy
than with low energy. If the primary particle has the energy of 1011 eV, a 1 m2

surface at the top of the atmosphere will be hit once every second. A particle
with energy above 1020 eV will strike a 1 km2 surface only once every century.
The energy distribution of cosmic rays follows a power law, dN

dE ∼ E−x, at first
the spectral index x, is 2.7.

At higher energies, between the knee and the ankle the spectral index appears
to change from -2.7 to -3.0 and above the ankle it appears to change back to
-2.7, but this is discussed and will hopefully be solved with more data. At the
lowest energies the solar wind slows the particles down and they lose a significant
fraction of their energy, this can be seen in figure 3 through the change in the
spectrum for the low energies.

Due to the GZK3 cut-off, which is due to the interaction between cosmic
rays and the cosmic microwave background no particles with the energy above
8× 1019 eV should reach the atmosphere. Particles with this amount of energy
has been detected, but very rarely.

3GZK: Greisen, Zatsepin and Kuzmin
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Figure 4: The cosmic ray spectrum at the top of the atmosphere (Cornin, 1997)
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Figure 5: The original SEASA detector

6 The detectors

6.1 The original detector
The detector is developed from the SEASA-detector which was a scintillator
based detector placed inside of a car roof box as shown figure 5. The detectors
were then placed in a triangle 10 meters apart from each other to make it
possible to study how often a shower trigger all three detectors. Because of the
fact that they are placed on roofs they are as mentioned before like a black box.
When constructing the new detector the focus have been of making everything
as accessible as possible. It should be possible for the students to look at as
many parts as possible and to touch the detector.

6.2 The new detector
The new detector consists mainly of the same parts as the old SEASA detector.
The big difference is how the detector plates are placed relative to each other,
see figure 6. Instead of placing them in a triangle they are placed on top of each
other separated by 33 cm. This changes the physics studied whit the detector,
instead of study how often there is a large shower we study number of muons.
To be able to move the detector between different rooms and floors at the House
of Science the height of the detector cannot excess two meters. It is also supplied
with wheels to make it easy to move. The gantry is also possible to tilt to change
the detection angle. The detector frame is built of Jokab fencing system (Jokab
2009).
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Figure 6: The new detector developed during this Master Thesis project

21



Figure 7: The detector with 45° angle
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Figure 8: The new detector
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Figure 9: Right: The wavelength distribution of the photons from the scintillator
(Bicron, 2009). Left: The wavelength sensitivity of the PMT (Photonis, 2009)

The detector consists of three detectors plates. Each detector consists of a
1.5 cm× 30 cm× 100 cm plastic scintillator and a photomulitiplier tube (PMT)
which is glued to the centre of the scintillator. The plastic scintillator is a BC-
408 from Bicron made of polyvinyltoulene (plexiglas) mixed with 1,4-Bis-[2-(5
phenyloxazolyl)]-benzene or C24H16N2O2 which emits photons at 425 nm, see
figure 9. The PMT is a Photonis XP3314B which has its maximum sensitivity
at 420 nm, see figure 9, which matches the scintillator.

Due to the fact that 420-425 nm is in the visible part of the electromagnetic
spectra the detector must be shielded from visible light. To create this light
proof environment for the scintillator it is wrapped in two layers of reflective
Dupont Tyvek and a layer of black paper covered in black tape. A plastic tube
with a lid shields the PMT. In the lid there is a hole through which the high
voltage cable and the signal cable is lead out from the PMT. This plastic tube
together with a plate that helps to support the PMT when tilting the detectors.

6.2.1 Photomultiplier

A photomulitiplier converts scintillator photons to an electric signal, see
figure 10. In our case a photon is created in the scintillator which is reflected
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Figure 10: The PMT-protection tube and plate

Figure 11: A schematic figure of a photomultiplier (Wikipedia, 2009).
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inside the scintillator to the PMT, and the photocathode. When hitting the
photocatode an electron is released due to the photoelectric effect.

E = hν = W + 1
2mv2

E =Photon energy

h =Planch’s constant

ν =Photon frequency

W =the amount of energy that is needed to free an electron

1
2mv2 is the maximum kinetic energy the electron can have after the strike.

The electron is focused by the focusing electrode and then accelerated towards
the first dynode due to voltage differences. The total voltage applied to the
PMT is -1100 V, which is divided between the dynode chain by resistors. When
hitting the first dynode more electrons will be released and accelerated towards
the second dynode where more electrons is realised which continues in steps
until the electrons reach the anode. A current has been created which we can
measure and from that measurement see that we have detected a something, in
this case a muon.

6.3 Electronics
To collect and process the signals from the three PMT:s the signal cables are
connected to a circuit board. The circuit board registers all combinations of the
three detectors, named from the top A, B and C, in total seven combinations.
A single is when one of the detector plates get one hit, a coincident when there
is a hit in two or all three detector plates at approximately the same time. A
hit is when the PMT signal is bigger than a certain value, called V ref It is
also possible to set the circuit board to collect data during one, five minutes or
continuously. At the circuit board there also is a sensor for air-pressure and it
is also possible to turn on sound which makes it possible to hear when a muon
is registered.

When a muon hits the PMT a signal looking like the pulse at the top of
figure 11 is created. The device called AD8055 between points 1 and 2 inverts
the pulse and sends it to the device called AD8561 which have two inputs. One
is the signal from the PMT and the other input consists of a voltage level with
constant height, called Vref , or later in this thesis the DAC-value. These two
signals are compared and if the signal from the PMT is higher than Vref a signal
is sent to the Altera chip who saves it. The Altera chip is a Programmable Logic
Array (PLA).

The Altera chip is programmable and the logic programmed on the chip
creates the different combinations of the detector plates and saves the values.
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Figure 12: The circuit board
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Figure 13: A schematic overview of the electronics which process the PMT-
pulses and an inserted screen dump from a oscilloscope showing the pulses at
three different locations (Pearce, 2006).
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Figure 14: A schematic view of pulses that are sent to the PLA from the AD8561
device, all pulses are 100 ns.

The Vref -value is set by the user of the detector, see section 6.4. The device
called DAC or a digital to analog converter, in figure 11 generates the Vref -
signal. ADC, the analog to digital converter sends the signal back to the Altera
chip and checks that it is the correct value.

All pulses are processed so that they last 100 ns. To get an coincidence all
three of the pulses needs to be high at the same time. If all three detector plates
have a signal at the same time, as in case 1 in figure 12, all combinations will
register one muon. If the case is as case 2 in figure 12 it will register hits in
all detectors separately and the combination A&B but not in A&B&C, B&C or
A&C.
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Figure 15: A graph of number of singles for each detector plate, from the left
A, B and C against DAC-value

6.4 DAC-value
At the circuit board the PMT signal is read out and if the signal exceeds the
DAC-value it saves it as a hit. The DAC-value is set to approximately repro-
duce the singles rate used for the original SEASA-detector, 100 Hz (Hofverberg,
2006). The intensity of vertical muons is approximately 70 m−2s−1sr−1, assum-
ing a 2π acceptance, which gives 130 Hz (De Pascal 1993, Allkofer 1984). The
DAC-value is by testing known to be somewhere between 80 and 95 for detector
A, 90 and 105 for detector B and between 100 and 115 for detector C. A plot
of how the number of singles vary with the DAC-value is measured, see plot 13.
The three detectors does not have the same efficiency due to differences in the
PMT and the connection between the PMT and the scintillator.

To decide the DAC value more precisely, values close to the desired singles
rates is tested further. A is tested further between 89 and 91, B between 99 and
101 and C between 109 and 111.
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A,B,C A [Hz] B [Hz] C [Hz]
89,99,109 99,37 99,56 98,84
90,100,110 97,37 98,30 96,90
91,101,111 95,37 97,85 95,52

Table 2: The results of the measurements of the chosen DAC-values from the
figure 13

A&B [1/min] B&C [1/min] difference
89,99,109 1407 1375 32
90,101,110 1412 1396 14

Table 3: Comparing the two combinations that gave the most similar results in
the measurement done in table 2 to determine which gives the smallest difference
between A&B and B&C

The measurements in table 2 and 3 is an mean of five one minute long
measurements. There is two combinations were the difference between the values
is less than one, (89,99,109) and (90,101,110) and the singler ates is close to
100 Hz. To evaluate this two options further measurements on coincidences of
plates A&B and B&C will be done. A&B and B&C should theoretically get
the same number of coincidences. These two combinations is not possible to
distinguish with statistics but one has to be chosen so (90,101,110) is chosen
because difference seems to be lower, the values chosen may have to be adjusted
in the future.

6.5 Angle dependence
According to Bartels (2000) the angular distribution of muons at ground propor-
tional to cos2θ. When measuring the angular dependence with the new SEASA
detector, figure 14 is obtained. In the plot to the left intensity is plotted against
angle, were the angle is the zenith-angle, or how much the detector is tilted,
zero degrees is when the detector plates are horizontal. In the plot of the right
the intensity is plotted against cos2θ. The χ2 value for the cos2θ fit is one order
of magnitude higher than for the linjear fit, this supports that the theory of a
cos2θ dependence.
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Figure 16: Left: A linear plot of intensity vs. degrees right: a linear plot of
intensity vs. cos2(θ), error bars are smaller than symbol.

7 Description of the school programme

7.1 The students’ prior knowledge
This program is constructed for students in the second or third year at up-
per secondary level in Swedish schools. The students are about 17-18 years of
age and study their eleventh or twelfth year. They are at a natural science
or technology program and they have studied physics for approximately one or
two years (end of Physics A or Physics B). Physics A gives the student’s basic
knowledge about physics and it is basic laws. It is not very mathematically ad-
vanced, most calculations contain only linear relationships like Ohm’s law and
Newton’s first law in the form of F=ma. In the second physics course (Physics
B) the mathematics has a more central role than in the first course, and many
students think this is a difficult course, many even think this is the most diffi-
cult course. The students have just learnt to integrate and differentiate which
sometimes is used in the second physics course. In both courses experimental
work has a central role and usually the students perform an experiment every
second week, but this can differ between different schools and different teachers.
For more details of the courses see The Swedish National Agency for Educations
homepage (National agency for Education c&d, 2000).

7.2 Experimental work
In Sweden as in many other countries schools have their own cultures and people
tend to behave a certain way in a certain situation. The House of Science is not
a school but their laboratory tasks are more similar to those performed in school
than those at a science centre. The tasks often have a printed instruction and are
performed in a classroom that looks much like an ordinary science classroom, the
big difference is that they have more advanced equipment. Reigosa & Jiménez-
Aleixandre (2007) have stated seven dimensions on stereotyped school culture
in connection with experimental work. This may not be the case in all schools
but it can be seen as the overall the tradition.
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1. Laboratory activities as closed unique sequence of steps

2. Viewing searching for a solution, collecting data or clarifying concepts in
inappropriate or not useful

3. Interpreting the teacher’s questions as criticisms

4. Assuming each piece of equipment and resource to have only a single and
predefined use

5. A tendency for confirmation bias

6. Reluctance to challenge the teacher’s authority

7. Imitating the behavior of other students, even when it is not justified.

They also stat that it is usual that students who are more high performing
than their classmates doesn’t always share their knowledge with their group
members. Which during a experimental session can result in that only some of
the students in a group will learn.

Millar (2000) states that the European project LSE showed that most physics
teachers in all countries uses labsheets and labsheets therefore play an important
role in laboratory education in physics. The labsheet also conditions the activ-
ities occurring during an experimental lesson. After studying labsheets Millar
concludes that students at both upper secondary school and at universities only
rarely have to present, display or make something but they are at many times
asked to perform activities mentioned in the list below.

– Use a laboratory device in physics or a laboratory procedure in chemistry
and (to a lesser extent) in biology

– Make an event occur, in all three disciplines

– Observe an event, in all tree disciplines, and also, mainly in physics and in
chemistry to observe a quantity (i.e., to read a measurement apparatus).

In another study by Abrahams and Miller (2008) it is shown that the overwhelm-
ing part of the experimental lessons that they studied “was on the substantive
science content rather than on aspects of experimental design or the collection,
analysis, and interpretation of evidence”. They also suggest that it is possible
to improve practical work in science if teachers realized that explanations of a
phenomena doesn’t emerge from a observation. The role of practical according
to Abrahams et al. (2008) is to create a bond between observations and ideas.
The ideas should also be “in play” when the practical task is performed. (Millar
& Abrahams 2008).

33



Of those fourteen statements stated by McComas et al (1998), see the list
below, about nature of science five of them is connected to the question formu-
lation of the school programs. Students will hopefully during their visit get new
insights in these statements. The most important for this thesis is number 2,3,4
and 8 in the list below. This can be summarized in that science results can
change with more data and that scientists work together and togeheter drive
the research forward through peer review and different collaborations.

1. Scientific knowledge while durable, has a tentative character

2. Scientific knowledge relies heavily, but not entirely, on observation, exper-
imental evidence, rational arguments and skepticism

3. There is no one way to do science (therefore, there is no universal step-
by-step scientific method)

4. Science is an attempt to explain natural phenomena

5. Laws and theories serve different roles in science, therefore students should
note that theories do not become laws even with additional evidence

6. People from all cultures contribute to science

7. New knowledge must be reported clearly and openly

8. Scientists require accurate record keeping, peer review and replicability

9. Observations are theory-laden

10. Scientists are creative

11. The history of science reveals both an evolutionary and revolutionary char-
acter

12. Science is part of social and cultural traditions

13. Science and technology impact each other

14. Scientific ideas are affected by their social and historical milieu

This can be summarized in that scientists work together to drive the research
forward through peer review and different collaborations and that results are
obtained through creative ideas together with observations, experimental evi-
dence, rational arguments and skepticism. But if digging deeper into the nature
of science all science branches have differences but this can be seen as a foun-
dation when teaching about nature of science.

It is also important to organize learning in a way that is wanted by the
students. Kisiel (2006) studied a group of inner city upper secondary school
students during a off school science activity where they got to do different things
related to science. During the study Kisiel concluded in a list of strategies to
use for positive science learning.
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– Providing unique “hands-on” experiences

– Utilizing different learning environments (labs, museum hall, outdoors)

– Providing new or unique experiences (whale-watching, squid dissection,
sushi-making)

– Recognizing student autonomy and choice

– Avoiding a “classroom atmosphere” and teacher-centered lectures

– Providing a variety of activities to appeal to varied interests

– Allowing for social interactions

– Incorporating projects with real outcomes (such as assisting researchers
in generating new knowledge or assisting education staff in disseminating
information)

All these things is important to keep in mind when constructing and carrying
out the class program. This is because when the students come and visit the
House of science they will have their own view of science and experimental work
and it is hard to change this during only one session. To even get close to
change students view of science it has to be more fun than school or othervise
they may not want to participating at all. The goal with the school program is
as mentioned before that the students should get insight in how scientists work
with data analysis and how theories changes with time.

7.3 Lecture and planning of the experiment
When the students come to classroom the first they will meet is the question:

How do we know that cosmic rays exist?

This will hopefully make them think about how we actually know that something
we cannot see exists. When all is settled there will be a presentation of what
cosmic rays are and how they behave. During the lecture it will be explained
why the rate of cosmic rays will depend on the angle. All parts of the detector
will also be explained and showed to the students. Some of the parts will also
be available for the students to touch and look at, for example there will be a
piece of scintillator to look at and touch and all the circuit boards are visible
to the eye. In the middle of the lecture the students will be asked to plan how
they would like to perform the experiment. This will give them a chance to
think of what they think will give the best result. If they like to measure at a
lot of angles but during a short time or few angles during longer or something
in between. Everybody has to agree on how to perform the experiment because
there only is one experimental set- up. This can be compared to how a large
research project is conducted when a lot of scientists have to agree on what to
build and what to measure or how to measure.
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Interactive Non-Interactive
Dialogic A Interactive/dialogic B Non-interactive/dialogic

Authoriative C Interactive/ authoriative D Non-interactive/authoriative

Table 4: Four classes of communicative approach (Mortimer, 2003).

When doing this, the students have to be asked why they want to do things
in an certain way, sometimes they might not thought about why the choose as
they do. During the test session described in next section one student answered
the question why they chose to measure at 0, 45 and 90 degrees with that is
what they usually do. For the teachers it is important to let the students find
out for themselves how they would like to do the experiment. The teachers are
only allowed to lead the discussion and ask questions about the students’ own
thinking and own ideas. As Mortimer and Scott (2003) discusses in their four
communicative approaches where they have divides school communications into
four different parts, see table 4. A teacher could allow different views or not, the
communication is dialogic or authoriative and the teacher could allow students
to be part of the communication or not, the communication is interactive or
non-interactive.

During the experimental session the teacher has to adopt different commu-
nicative approaches. In some parts of the lecture the teacher has to be the
one that decides the boundaries for example when facts about cosmic rays are
presented. But it is important for the teacher to let the students ask questions,
and give the students answers. Some parts in the presentation is very suitable
for discussion for example when Northern lights is discussed due to the fact that
many students have seen it and many of them also know why the phenomena
occur. This can then lead the students into how earth is protected from cos-
mic rays. This puts demands on the teacher to be able to shift between the
Non-interactive/authoriative and the Interactive dialogic approach during the
lecture.

7.4 Analysis of Measurements
After deciding what measurements should be done it is time to measure. During
the measurements there will be some time were nothing special happens. This
is an ideal time to respond or discuss questions asked by students or study the
randomness of cosmic rays. In the beginning of the measuring period it can be
good to propose the students to prepare some kind of table so they keep track
of their data. When all measurements are done it is time for the data analysis
which is the most difficult part of the session. All students will have different
pre-knowledge and there will be big differences depending on if their physics
teachers introduced it to the students and if the students are used to working
with their calculators. As help during the analysis the students will have a
manual for the calculator and some tips on how to perform the data analysis,

36



-2 0 2 4 6
x

-20

-10

0

10

20
y

0 10 20 30 40

x
2

-20

-10

0

10

20

30

y

Figure 17: Both figures show data points chosen from a second degree function,
these two plots is used when explaining a method for data analysis. Left: A
linear fit to the data points. Right: A second degree fit to the data points.

this document is found in Appendix B. In Appendix C guidelines for teachers
attached.

After that the lecture will conclude with a short presentation about how
to analyze data with help of linearization on their calculator. A plot with five
points chosen from a second degree function is used and a linear fit to the
points, see figure 15. Beside this curve another plot is showed where the x-
values is squared and a new straight line is fitted and it can be seen that the
points now lies on a straight line.

When they then are doing the analysis on their measured data they should,
if time allows, also try to calculate some kind of error, for this task a simplified
method is presented to the students. They should use the absolute value of the
difference between the measured value and the function value.

The data analysis will hopefully make them understand that it is possible to
use y=kx+m in the data analysis. Linear functions is something that they seen
many times earlier during their education. Together with this explanations
the students is asked about how they think it is possible to substitute data.
Hopefully they will realize that it is possible to use a lot of functions for example
xn, enx, sinn(x) and so on.

The purpose is to learn how to find relationships between variables using
data-analysis. By testing some main ideas they might get hold on the problems
in analyzing data. They will not be fully trained in analyzing data but they will
have tested some of the main ideas. For example will they not learn anything
about statistical methods to separate different regression lines. This may cause
an issue that the students think that they have found the correct relationship
between the angle and number of counts. The teacher thereby needs tell the
students that this is a model for how number of counts depend on the angle
but it doesn’t have to be the only one, for example our detector have a very big
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detection angle and number of measurements is small. The detection angle is
the maximum angel from where a muon can hit all three detectors.

7.5 According to Millar
In this section the school program will be studied with help of Millar et al.
(1999). All the tables discussed below can be found in appendix A. In this
section there will be references to tables in appendix A marked in the end of
the sentences. The first letter and the two following numbers refers to a table
in the appendix, the ending letter refer to a certain statement in that table.

The overall goal for the experimental session is the students should get in-
sight in how scientists work with data analysis and how theories change with
time, which according to Millar et. al. is mainly i and j in dimension A but
the students will also plan their measurements so also statement j is applica-
ble. It is not the main purpose that students learn about cosmic rays but this
is inevitable due to the fact that the experimental set-up measure cosmic rays.
Cosmic rays are an aid for the students to learn how to work with data-analysis.
During the experimental session the students with help of the teacher will use
a measuring instrument (B1.1.a). Because there only is one detector the whole
class needs to do the measurements together. This leads to that the teacher
directs the measurements and the students perform as much as possible of the
practical work. If there is a large group the teacher might have to do the most
of the work so that all students can get involved in some way, otherwise it will
probably only be a small group of students that do everything (B1.5.b). When
doing the measurement the main task for the students is to observe how the
number of counts decrease with increasing angle (B1.1.k).

After the measurements the students should explore the collected data and
explore the relationship between the angle and number of counts and try to
invent a new concept (B1.2.d and f). Another thing that the students do is to
test an prediction, that the counts should decrease with increasing angle due to
the fact that the cosmic rays travel a further path in the atmosphere (B1.2.j).
The presentation about cosmic rays and how to work with data-analysis creates
ideas for which the students can create new ideas concerning how cosmic rays
behaves (B1.3.a).

According to Schwab (1962) this task can be interpreted as open at level two.
The arguments are that the students choose how many angles and for how long
time, and that the method of data-analysis is not totally given. Millar et al.
(1999) discusses openness/closure in a different way than Schwab (1962) instead
of levels they talk about if a certain statement is specified by the teacher, decided
through teacher-student discussion or chosen by the student itself. Instead of
just looking at the problem, procedure and the conclusion Miller et .al. looks
at five different statements, question to be addressed, equipment to be used,
procedure to be followed, methods of handling data collected and interpretation
of results. For the evaluation of with help of Millar’s method see table XX.
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Aspect of practical
task

Specified by
teacher

Devided through
teacher student

discussion

Chosen by
students

Question to be
addressed

x

Equipment to be
used

x

Procedure to be
followed

x

Methods of
handling data
collected

x

Interpretation of
results

x

Table 5: Millars et. al. (1999) version of judging if an laboratory is open or
closed

In the table 5 it can be observed that a lot of things is specified by the teacher
in advance. But the student is deciding how to perform the measurement, if
there will be measurements done at a lot of angles or at few angles but during
a long time. The equipment does only allow one way to do the measurement
and therefore parts of the procedure are closed. The method of handling data
is nearly fully decided by the teacher, the students do the data handling and
thereby choose which functions will be tested for the linearization. The time
for the visit at the House of Science is planned to last for 1.5 hour, this is a
medium long experiment according to Millar et. al. (1999) (B2.1.c). During
the experiment the students get instructions from a Powerpoint presentation
and on the whiteboard (B2.3.b) and for the data analysis they will have a
short manual that guides them through the task (B2.3.e). The students are
supposed to collaborate in groups of approximately 3-4 students (B2.2.a), but it
is also possible to interact with the teacher (B2.2.c). After the data analysis the
students will tell each other their results and compare their analysis (B3.3.b and
c) to do this it demands that the students have taken notes during their analysis
(B3.1.b). When all groups have shared their results it is time to discuss why
they have got different equations so that they learn more about how natural
science work (B3.2.a).

8 Test visit by a technology class

8.1 The Students
The program was tested on a second grade technology program class. When
participating in the test the students were studying the last parts of their first
physics course and approximately 75 % of the students was in the last parts
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of mathematics D, the forth math course in upper-secondary school in Sweden.
The rest of the students had finished different parts of the courses before, all
students had passed the first course in mathematics. In the test session the
students divided themselves into three groups, in this thesis called group 1,2
and 3.

8.2 Course of events
The students did not come to the House of Science at the same time, the first
ones came approximately 10 minutes before scheduled time and the last stu-
dents came 10 minutes after scheduled time. This made it possible for the first
students to think about the initial question, but they did not pay a lot of in-
terest in the question. They read it but then they started talking about other
things. In the beginning of the lecture not much happened, no questions were
asked and questions asked to them were answered unwillingly. This proceeded
during the better part of the theoretical part of the presentation.

When discussing the technical parts of the detector they got more engaged
and asked questions. When they were asked to plan their own investigation
of the angle dependence two of the three groups chose 0°, 45° and 90°. One
of them wanted to do measurements each minute and the other group wanted
three measurements at each angle. The third group wanted to measure at 0°,
30°, 60° and 90° and to do each measurement for two minutes. When asking the
first group why they have chosen as they had done they answered that 0°, 45°
and 90° is the usual angles that they use in school and it is straight up and down
and something in between. The third group said that it gives more accurate
results if you measure at more angles. This started a discussion were somebody
thought that 0°, 30°, 60° and 90° was really stupid because then you miss the
one in the middle and that 0° and 30° and 60° and 90° almost covered the same
solid angle. This was probably the reason for that one of the students during
the analysis section looked closer to the detector and studied the solid angle.
There were also one group that sketched the detector to determine the solid
angle. They did not pay a attention to how many measurements that should be
done at every angle.

During the time data were collected there were some questions about if there
is any difference if the detector is placed inside or outside a building and if you
put mirrors around the detector would that affect the result. There were also
questions about how the detector would react if it were placed in space instead
of on earth, would the PMT manage the particles with higher energy.

When all the data were collected and the analysis started some problems
were identified. There had been a mistake in the communication, only one of
the students had brought his calculator. This changed the plan and two of the
groups got calculators and the third got to use a lap-top. In the two groups
using calculators there were only at maximum two students working intensive
with the problem, this two groups was the same that proposed the 0, 45 and
90 degrees measurements. In the third group all students were involved in the
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problem solving.
All groups manage to do a linear fit to the data, with help of the teacher

and the student manual for the calculator. The group using a Excel got time to
try other kinds of functions and got more involved in the problem solving than
the other groups, they worked concentrated and focused and discussed with
each other. They also discussed intensely how to convert between degrees and
radians. The time for the visit was planned to last about 1.5 hours, but due to
late start there were only approximately 1 hour 15 minutes for the program and
evaluation. After 1 hour and 15 minutes it felt like more time was needed. The
ending of the session became very hasty and there were only a short ending were
all groups presented their equations and a short summation from the teacher
regarding how to interpret the results, but there was no time for discussion.

8.3 Student comments
In this sections comments given by the students will be presented, both positive
and negative. I will start with the most negative, which speaks for itself.

Due to the fact that this research is totally worthless and doesn’t help
anyone/anything so this machine is totally worthless and waste of
money. (authors translation)

This type of comments was also delivered from one student during the lecture,
the student asked for the purpose of the task and why this detector were inter-
esting. The most of the students wrote in their comments that they thought
that the lecture about cosmic rays were interesting. One student wrote that
he thinks that the length of the Power-point slides were perfect and that there
were interesting information that he didn’t know before, for example why noth-
ern lights occur. Another student thought that it was interesting when talking
about the atmosphere and the nucleus and one thought that the most interesting
thing was how the detector worked. Nobody thought that the same thing was
the most interesting. There is also one student that thought that the task con-
tributed to a lot of own thinking. There is also comments about the ending of
the lecture that there it could have been more clear what about the conclusions.

8.4 Evaluation according to Millar et. al.
The intended learning outcome, dimension A was as stated earlier that students
should get insight in how scientists work with data analysis, how theories change
with time and also how to plan a measurement. To evaluate if the experimental
task helped the student to evolve this knowledge areas the tables from Millar et
al. will be reviewed and compared to the original plan.

8.4.1 Sub-dimension B1.1

In the plan for the experiment the thought was that the students should with
use a detector to be able to observe the quantity of muons that hit the detector
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during a certain time. This occurred during the experiment with the students
but there was less hands-on work than planned from the beginning.

8.4.2 Sub-dimensions B.1.2- B1.5:

When doing the experiment all students observed that the number of coinci-
dences decreased with angle and all of them tried to explore the relationship
between the physical quantities. The time for exploring the relationship was
too short, this resulted in that two groups only did a linear fit and not trying
different approaches. The third group which worked faster than the other two
groups got time to try more than one approach to the problem.

There is nothing to comment on the sub-dimensions B1.3 and B1.4, since
they turned out as planned. In sub-dimension B1.5 there were a difference from
the plan, there were not the level of student involvement that had been planned
for. Instead of that the students told the teacher what to do, the teacher directed
everything and told the students what to do.

8.4.3 Sub-dimensions 2.1-2.4

The time for the lecture became shorter than planned instead of being 90 min-
utes it became about 75 minutes effective time. It had been better if there had
been 90 minutes effective time so that the evaluation of the results could have
gotten more time. For sub-dimensions B2.2-2.4 there is not any divergence.

8.4.4 Sub-dimensions 3.1-3.3

The students did make notes of the data and their thinking. Something that
had been observed is that most of the students think about the detection-angle
and how that can affected the result. As mentioned before there were a very
short ending of the lecture, this got the consequence that the audience for the
record more or less became the teacher instead of both the students and the
teacher.

8.5 Result
All of the students were able to perform the task, they followed the instructions
and manage to get an result. In the comments from what they think they have
learnt nobody commented on the method for analyzing data and because of
that there is doubt about that the task was effective on level 2. The students
did not get insight in how scientists work with data analysis and how theories
changes with time. There is only one student that commented their own work
and thought that it was fun with a lot of own thinking. This student may
have reached the intended learning goals and got new insight in how scientists
performs data analysis. Because of this reason it can with certainty be said that
the exercise were effective on level 1, they were able to perform the task, but it
is undetermined that the task were effective on level 2 for some students.
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9 Discussion

9.1 The detector
There is no problem with the detector when using it in this exercise but there is
some possibilities to changes to make it useful in other situations. For example
it is possible to make a connection to a computer. The circuit board is prepared
for this but a program for saving the data has to be created. This would make it
possible to collect data for a longer period and create opportunities for student
project work at upper secondary school. It would then be possible for them to
both touch the detector and analyze data from a longer period.

Another thing that would be possible to change if there is a new detector
built is to increase the distance between the detector plates. This would decrease
the solid angle. It would be interesting to see if that changed the angular
dependence and if so in what way.

9.2 This experiment
During the test session the exercise were observed not to be effective on level
2. The goal is that it should be and therefore changes have to be done. In this
section possible changes will be discussed and proposed. Those changes will
hopefully improve the exercise and make it effective on level 2.

9.2.1 Initial question

The first feeling that I got at the part where the students plan the experiment
was that the initial question of the task was not inspiring enough for the stu-
dents. One of them asked why this kind of research is interesting and why he
should engage himself into the laboratory-exercise and those who came first did
only give the questions seconds of attention. He didn’t do much during the
following parts of the laboratory. The start of the lecture is the most impor-
tant, the students have to feel that the subject is interesting so they want to
learn more about the topic. Therefore I think that the most important thing
to change is the initial question. It should be something that interests the stu-
dents and starts their thinking. The question doesn’t have to be the same as
the one that is answered in the end but the question have to be answered and
lead to new questions. Something that students often say when I talk to them
about what they are interested in, in physics they often answer the space and
space-travels, this give rise to the new question:

Can a human being travel to Mars?

This question will hopefully lead to new questions for example, how are we
protected from cosmic rays, what happens in the atmosphere and how could we
measure muons. If human can travel to Mars is probably a question that upper
secondary students sometimes have thought about and answered with “it is too
far”. During the initial lecture it can be discussed why it is too far and then
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lead the discussion towards cosmic rays and the difference between earth and
space. With to far I mean for human beings not to get damages that lead to
death. This will hopefully make them interested in knowing how we can survive
on earth and many muons that hits us and how well the particles is stopped in
the atmosphere. Other things that can make the students more interesting is to
provide something unique and not the same as in school (Kisiel, 2006). During
their visit at the House of Science and this laboratory task the experimental
equipment is unique.

9.2.2 Students interests

Some of the statements by Kisel (2006) is more easy to use in this experimental
session than others, for example the House of Science is a new environment.
Something that is hard to avoid is the classroom atmosphere and that the
teacher has an centred role when there only is one experimental set-up. What
can be kept in mind is that the activity has to appeal different interests and
therefore both talk about how the detector is constructed, the physics behind
and how the particles can affect the human body and let the students lead the
experimental part instead of the teacher, the students tell the teacher what to
do. This was something that succeeded during the test session. Most of the stu-
dents found something that they thought was interesting and nobody thought
that the same thing was the most interesting. Another of Kisiel’s (2006) state-
ments that also is included is that social interaction is allowed and encouraged.

When they are interested in the subject it probably will be easier to engage
them in the intended data-analysis. During the data-analysis the teacher have to
think of that there is no answer that is faulty, or all answers is correct. Most of
the students is used to that all questions have an exact and correct answer. For
the teacher it could be very tempting at the end give the students the best fit but
this might give the students a feeling of that they did something wrong because
they didn’t found the “correct” regression line. This will hopefully increase the
students belief in their own ability ( National agency for Education e, 1994). A
thing that would be interesting to test in the ending part where the conclusions
are drawn is to show all functions graphs that the students calculated with the
data and then discuss and draw conclusions with help of the graphs.

9.2.3 Nature of science

All three of the statements made by Millar (2000) of what students usually
are asked to do during an experiment is included in the task, but in the end
the focus is not on the result it self. It is focused on that different groups got
different results from the same data and how an model in physics is developed
and that physics is an attempt to explain physics. This can be referred to the
fourteen different NOS statements that McComas et al. (1998) has found in
their research.

44



When performing the task some of the students used and discussed knowl-
edge and ideas that they had from before, for example that some students would
like to shield the detector with mirrors to be able to compare muons to photons.
There were also a lot of ideas about what could be tested with the detector to
investigate muons further. From this the conclusion can be drawn that the
students could contribute to the meaning of the task even if the detector is
inflexible and limiting but it would be preferable if it was possible to test their
ideas so they could be evolved.

I think the students during the planning of the experiment started to think
about why they always uses certain angles and that there is more than one way
to perform an experiment with the same result. Because the discussion got very
intense and that different groups supported different views. What I did hope
was that they should think more about that science is an attempt to explain
nature, not all research is the correct answer to an certain question. This didn’t
get the attention it needed. It would be preferable to have 20 minutes in the
end of the lecture for discussions. It would need more attention in the end when
discussing the different results from different groups. This will hopefully even
give the students the insight that scientists needs to be creative and try to find
new solutions or new ways of performing different experiments.

The increased focus on those statements and the changes mentioned above
will hopefully make the task effective on level 2.

9.2.4 Technical resources

As mentioned before there was one group where all students were involved in
solving the problem, the group who had a computer instead of a calculator.
The reason for this could be that it is easier for all students in a group to look
together at a big screen than a small. I think that more students would have
been involved in the problem if there had been computers instead.

9.2.5 Difficulty level

The problem might even have been to hard for some of the students in the test
group, they have not the knowledge in mathematics that the task demands and
therefore they do not do anything. It could be said that the task is outside of
the students zone of proximal development, ZPD. The term ZPD is introduced
by Vygotsky who introduces it as following.

“It is the distance between the actual developmental level as deter-
mined by independent problem solving and the level of potential devel-
opment at determined through problem solving under adult guidance
or in collaboration with more capable peers.” (Vygotsky, 1974)

This can be interpreted as following, a student is able to do certain things when
performing tasks by him/herself but with help from an adult the student will
be able to perform more advanced tasks. This doesn’t say that the student
with help will be able to solve all tasks some tasks will be to difficult and is
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therefore outside of the students ZPD. According to Säljö (2000) you can help
the student by structuring the problem or helping the student to understand the
problem or question. Maybe this students would have performed better with
more support and encouragement or maybe the task was outside of their ZPD.
Perhaps the program only should be recommended for students in the second
physics course due to the abstract-nature of the task or maybe dedicate more
time for the program if the students are at their first physics course. This have
to be tested further and is hard to say after only one test session.

9.3 In the future
9.3.1 Openness

The experimental task is today not as opened as wished for due to the fact that
there only is one experimental set-up. An opportunity is to have this detector
together with the smaller detectors used during the explore space tour 4 and/or
a muonoscope5. This would make it possible to let all students formulate their
own experiment, not only plan an experiment for an certain question. The small
ones is easy to carry to different places, even the big one is possible to move
to different levels in the building. The angular dependence can be studied and
perhaps how much different materials stop mouns. What maybe will be lost
here is the focus on the NOS, this is not certain but an risk that needs to be
considered. This is a possible 4,5 hp project for a student at the course DH2605,
Science, Technology and Learning, part II.

9.3.2 Another program

Another opportunity is to use the detector in a mathematics-experiment in the
second mathematics-course. In this course probability and statistics are stud-
ied. It would be possible to do measurements with the detector and work with
different statistical terms. In school the usual task on statistics and probability
is to work with dies, problems where data already is collected or at most formu-
late an question which they ask friends, family or other persons. When doing
this kind of experiment with a detector it is possible to join together the math-
ematics and physics and also discuss how physicists work with measurements
and statistical data.

4A small handheld detector for cosmic rays with diodes that blinks when it is hit.
http://www.nasa.gov/mission_pages/station/science/experiments/Particle_Flux.html

5A small portable detector for cosmic rays, more like the new SEASA detector, but a lot
smaller, see http://www.particle.kth.se/~pearce/CRT/
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10 Conclusion
The school program was when tested shown to be effective on level 1 according
to Miller et al., all students were able to perform the task (Millar 1999). With
small changes it can hopefully become effective on level 2, that all students
will learn how scientists can work with data analysis and how theories changes
with time . The laboratory also gives the students chance to contribute to the
meaning of the task even if the laboratory device and the task is fairly closed.

47



A Appendix

A Intended learning outcome

a) to help students identify objects and
phenomena and become familiar with them
b) to help students learn a fact (or facts)
c) to help students learn a concept
d) to help students learn a relationship
e) to help students learn a theory/model

f) to help students learn how to use a
standard laboratory instrument, or to set up
and use a standard piece of apparatus
g) to help students learn how to carry out a
standard procedure
h) to help students learn how to plan an
investigation to address a specific question or
problem
i) To help students learn how to process data
j) to help students how to use data to
support a conclusion
k) to help students learn how to
communicate the results or their work

B1.1 What students are intended to do with objects and
observables

an observaton or measuring instrument a
use a laboratory device or arrangement b

a laboratory procedure c
present or display an object d

an object e
make a material f

an event occur g
an object h

observe a material i
an event j
a quantity k
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B1.2 What students are intended to do with ideas
report observations a
identify a pattern b

objects c
explore
relation
between

physical quantities (variables) d

objects and physical quantities e
invent’ (or ’discover’) a new concept (physical quantity, or entity f
determine the value of a quantity wich is not measured directly g

from a guess h
test a
prediction

from a law i

fram a theory (or model based on a
theoretical framework)

j

in terms of a given explanaton k
accont for
observations

by choosing between to (or more) given l

explanations
by proposing an exlanation m

B1.3 Objects- or Ideas-driven?
a) What the students are intended to do with
ideas arises from what they are intended to

do with objects
b) What the students are intended to do
with objects arises from what they are

intended to do with ideas
c) There is no clear relationship between

what the students are intended to do with
objects and with ideas
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B1.4 Degree of openness/closure

Aspect of practical
task

Specified by
teacher

Devided through
teacher student

discussion

Chosen by
students

Question to be
addressed

x

Equipment to be
used

x

Procedure to be
followed

x

Methods of
handling data
collected

x

Interpretation of
results

x

B1.5 Nature of student involvement
a) demonstrated by teacher; student observe
b) demonstrated by teacher; student observe
and assist as directed
c) carried out by students in small groups
d) carried out by individual students

B2.1 Duration
a) very short (less than 20 minutes
b) short (one science lesson, say upp to 80
minutes)
c) medium (2-3 science lessons)
d) long (2 weeks or more)

B2.2 People with whom student interacts
a) other students carrying out the same
practical task
b) other students who have already
compleated the task
c) teacher
d) more advanced students (demonstrators,
ect.)
others (technician, ect.)
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B2.3 Information given to the student on the task
a) oral instructions
instructions on blackboard/witheboard/OHP
c) guiding worksheet
d) textbook(s)
e) other (e.g. data book, data base,
instruction manual, etc.)

B2.3 Type of apparatus involved
a) standard laboratory equipment
b) standard laboratory equipment +
interface to computer
c) everyday equipment (kitchen scales,
domestic materials...)

B3.1 Nature of student’s record of work on task
a) no written record
b) notes
c) completion of printed worksheet
d) written account (using given structure and
format)
e) written account (free format)

B3.2 Purpose of record
a) to assist students in learning science
content or process
b) to provide evidence that the task has been
carried out
c) as a basis for assessing the student’s
performance
d) as a record which the student can use to
revise for tests or examinations
e) to help students learn how to write a
scientific report
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B3.3 Audience for record
a) the student
b) the teacher
c) other students
d) other
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B Appendix

Student instruction manual
At next page the follows the student instruction manual that will be used during
the laboratory exercises, the manual is written in Swedish.
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