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1. Introduction

Statistics (Stochastics) play a fundamental role in many sciences as well as in everyday life.
Wherever we go we are confronted with statistics and statements about more or less probable
events in newspapers, journals and scientific publications, which have to be analysed critically.
Despite its importance statistics is not as accepted as it should be in teacher-training and in school
mathematics.

Together with Heinz Steinbring I offered a course "Elements of Stochastics" for trainee primary
school teachers in the summer of 1999. Only 15 students came to this lecture while a parallel
course "Elements of the Theory of Numbers" was attended by 150 students, even though most of
the topics here had already been discussed in basic courses, whereas statistics represented a
completely new area for most of the participants.

When looking at the way statistics are dealt with in the current curriculum the situation is not
much better. The present guidelines and curriculum for primary schools in North Rhine Westphalia
do not even mention the concept of probability, only elements of descriptive statistics are referred
to as a possible subject.

At lower secondary level, statistics must be the subject of lessons today. But this is not done with
the same zeal as in geometry or algebra. Statistics are frequently taught only at the end of a school
year, if the other important areas have been dealt with. Teachers often justify this attitude with the
argument that they themselves have had little or no training at all in statistics.

In principle the same applies to the secondary school level II. Analysis and linear algebra are still
predominant here.

These are the facts so far. In this paper the indicated role of statistics is examined more closely. I
also want to suggest ways to reduce discrepancies in order to improve teacher training and
classroom teaching in statistics.

2. Determinism versus chance

In mathematic lessons, and in school books, calculating probabilities of an event are usually only
done within the context of statistical topics. When solving problems outside these areas pupils are
bound to get the impression that the relation between the quantities in question are strictly
deterministic and solutions can always be calculated exactly.
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Here is an example taken from a grade 8 schoolbook:

"At 12.05 p.m. a passenger train leaves the station travelling at an average speed
of 40 km/h. At 12.35 p.m. a fast stopping train follows at an average speed of 70
km/h. When and where does the fast stopping train overtake the passenger
train?" (KUYPERS 1996, p.79)

As stated in the text, and in the ‘classic example’, one can take the average speed as a fixed size
which can be determined from the quotient of the required running time and the distance covered.
Regular train passengers like myself find that the time required (average speed) is subject to
considerable fluctuations. This results from the fact of the effect of a variety of conditions which
are subject to chance (weather conditions, number of passengers, railway construction sites etc.)
Nothing of this is mentioned in the ‘classic example’. Instead an exact calculation is done, that the

fast stopping train overtakes the passenger train  46
2

3
 km from the station after 70 minutes.

I do not demand that such tasks must be excluded from schoolbooks due to lack of realism. In
order to practise a definite mathematical strategy, for example build and solve linear equations,
they, of course, have their place. But it should be discussed again and again in such problems (not
only in an introductory text) that the accompanying calculations are often carried out under strong
simplifications of assumptions. It has to be shown how results can change drastically if one
includes conditions at first not taken into account in the calculation or notices the variability of
quantities which originally were considered as constant. In any case, it makes more sense to me to
work more intensively on very few problems than to solve a large number of problems in a
stereotypical and superficial way. Therefore, my first demand on the mathematics lesson is:

Statistics should not be taught as an autonomous area in self-contained lesson units but as a
universal principle which runs through the whole teaching from the first class on.

3. Chance or destiny?

"These past few months thousands of American children have been writing
letters to unknown US soldiers stationed in the Persian Golf to show them that
they have not been forgotten in their native country. Usually the address is: “To
any soldier”. 27-year old sergeant Rory Lomas from Savannah, Georgia received
such a letter in Saudi Arabia. And by pure chance ‘the letter to any soldier’ was
written by Lomas' ten-year-old daughter Cetericka " (from the Hanoversche
Allgemeine Zeitung, quoted from KRÄMER 1998a, p. 24).

Such reports are regularly presented by the media as sensational chances. Many people are of the
opinion that such events take place by fateful chance. Even in the first exercise of our lecture, in
which we presented the example above, there were opinions like: maybe divine chance played a
role in this case, or there was a special spiritual/intellectual connection between father and
daughter. I do not intend to judge such statements at all.  However, if anybody sees this event as
extremely coincidental and unlikely, he simply is wrong.

The situation cited above is nothing but a beautiful example of the known Rencôntre problem. The
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common aspect of such examples is that the numbers 1, 2, 3, …, n are subject to a random
permutation and it is required of the probability that at least one element remains fixed (see for
example ENGEL 1987, p. 203 - 205 or HENZE 1997, p 74 - 77). This is

P ("one hit minimum") = 
n 1r 1( 1)

r!
r 1

−− ⋅
=
∑

and this series converges for n → ∞  as ...6321.0
1

1 =−
e

.

How can the problem be treated in an elementary way? For small n one can note down all
permutations and count the favourable cases. The results show that even for small n the probability
is already close to 0.63 (table 1):

n Permutations number of favourable cases

number of possible cases

2 (1, 2), (2, 1)
5.0

2

1
=

3 (1, 2, 3), (1, 3, 2), (2, 1, 3),

(2, 3, 1), (3, 1, 2), (3, 2, 1)
...6666.0

3

2

6

4
==

4

(1, 2, 3, 4), (1, 2, 4, 3), (1, 3, 2, 4), (1, 3, 4, 2),

(1, 4, 2, 3), (1, 4, 3, 2), (2, 1, 3, 4), (2, 1, 4, 3),

(2, 3, 1, 4), (2, 3, 4, 1), (2, 4, 1, 3), (2, 4,3, 1),

(3, 1, 2, 4), (3, 1, 4, 2), (3, 2, 1, 4), (3, 2, 4, 1),

(3, 4, 1, 2), (3, 4, 2, 1), (4, 1, 2, 3), (4, 1, 3, 2),

(4, 2, 1, 3), (4, 2, 3, 1), (4, 3, 1, 2), (4, 3, 2, 1)

625.0
8

5

24

15
==

Table 1

For n > 4 this procedure is hardly practicable any more and there are no patterns found in the hits
of the permutations. Combinatorical considerations can help further here. Apparently there are
5! 120=  permutations for n 5= . How many of these have at least one or more fixed points? The
number of all permutations with fixed first element is (5 1)! 4!− = . This applies also to
permutations for which the second, third, ..., element is fixed. The sum of all these possibilities
yields 5 4! 5!⋅ = . Within these permutations, however, there are also those with two or more fixed
points, and these are counted here twice or repeatedly. For example (1, 2, 5, 3, 4) is counted twice
so, namely when considering all permutations with 1 or 2 fixed term. The number of all

permutations with two fixed points i, k is ( )
!2

!5
!3

!2

45
!25

2

5
=×

×
=−








. If one forms the difference
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5!
5!

2!
− , then the permutations with 3 fixed points are not considered. For example we look at the

permutation (1, 2, 3, 5, 4). It is counted three times with respect to the correct placement of the
components 1, 2 and 3. However, it is also counted just as three times with respect to the right
placings of the pairs of (1, 2), (1, 3) and (2, 3).  The number of the permutations with three fixed

points i, j and k, that is 
5 5!

(5 3)!
3 3!

 
− = 

 
, must again be added up to the difference etc.. Altogether

for the number of permutations of the length 5 with at least one fixed point one receives
5! 5! 5! 5! 5!

1! 2! 3! 4! 5!
− + − +  with an accompanying probability of

P(“at least a hit”) ...6333.0
30

19

!5

1

!4

1

!3

1

!2

1

!1

1
==−−−−=  .

This approach can then be
generalized and results in a
recursive formula

( )
)!1(

111 +
×+= −+ n

n

nn PP

( n 2≥ ) with P 11 = . The
results stabilize quickly at 0.632,
the probabilities are practically
independent of n (see table 2).

Table 2

A further possibility for the determination of the probabilities in class is to simulate the problem
with the help of tables of random numbers. One can produce permutations of the figures 1, 2, 3, 4
and 5 by taking figures 6, 7, 8, 9 and 0 not into account.

n Pn

5 ...6333.0
30

19
=

6 1 19 1 91
P 0.6319...5 6! 30 720 144

− = − = =

7 1 91 1 177
P 0.6321...6 7! 144 5040 280

+ = + = =

8 1 177 1 3641
P 0.6321...7 8! 280 40320 5760

− = − = =
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I once produced 100 permutations this way (table 3). There were
66 hits and with that a probability of 0.66. 40 repetitions of the
test, with a small Pascal programme, provided data which agreed
quite well with the theoretical results (table 4):

    Table 4

The news mentioned at the beginning turns out to be not sensational at all. Furthermore it can

calculated with a probability of approximately 2
3  that such an event arises. The fallacy in such

cases is always the same: people think that the probability of an event which is highly improbable
for themselves, is also improbable in general.

In hardly any other area of mathematics fallacies and wrong ideas are as frequently found as in
statistics. And they are not only made by mathematical laymen. There are numerous cases in
history in which even famous mathematicians erred in apparently simple examples. In D’Alemberts
opinion for example the probability of the double coining throw (“double head”, “one head one
tail”, “double tail”) is always 1/3. In Leibniz’s opinion the probability of obtaining a sum of 7 with
two dice is three times more than obtaining a sum of 11 or 12.

My second demand on the mathematics lesson is therefore:

Fallacies, flawed ideas, opinions and problem solutions should repeatedly be made the subject
of lessons in order to build up a critical attitude of students towards statements, and to give
them tools which make analysis and, if necessary, corrections possible.

4. Uncertainties in the interpretation of statistical data

A vast amount of data is found in each news magazine and newspaper, conspicuously illustrated
with graphic material together with the results of statistical calculations. Faulty statistics have
frequently been drawn up, often inadvertently, but due to ignorance of the subject. However, in
some cases the possibilities for manipulations are used specifically, for example in advertising in
order to convince potential customers of the necessity or benefits of a purchase, or in business
reports, to pacify worried small shareholders.

These difficulties are illustrated in the unemployment statistics (see for example KRÄMER 1998b,

permutation number of
hits

1, 2, 5, 4, 3 2

4, 5, 3, 1, 2 1

4, 1, 5, 3, 2 0

2, 3, 1, 5, 4 0

5, 4, 3, 1, 2 1

... ...

Table 3

hits Empirical theoretical

x 64 63

σ 5 5
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p. 137 - 143). Problems already start with the term "unemployment". Depending on the definition
one can effortlessly correct the number of unemployed by minus or plus some hundred thousand.
The Federal Employment Office in Nuremberg regards a person as unemployed under the
following conditions:

• He must be registered as seeking work at the employment office.
• He must be willing to work more than 18 hours per week.
• He may not look for temporary work only.
• He must be older than 15 and younger than 65 years.
• He must immediately be available for the labour market.

 In contrast to Germany, even part-time workers in France or England, who want to work more
than 18 hours per week, are not included in the statistics, while in the U.S. even a 90 year-old
pensioner who is looking for work is regarded as unemployed.

 Additionally, the number of the long term unemployed who are in receipt of income support and
people who have simply given up and do not want to be registered any more, are not reflected in
the figures of The Federal Employment Office. On the other hand persons who really are unwilling
to work are reflected in the figures. In this respect the unemployment rate is not very meaningful
as far as international comparability is concerned. However, not much consideration of this fact is
taken in press releases.

Figure 1 shows the development of the unemployment rates (in millions) over a period from
October 1998 until July 1999 in Germany (the unemployment rate depends on seasonal
influences). There seems to be no trend reversal in either direction.
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 If one cuts off the vertical axis and, if necessary, extends or reduces the scales on the axes
appropriately, a very much more dynamic progress is shown. Such a representation for example
was published in the weekly magazine "Der Spiegel" no. 36 of 1999.

 The Federal Employment Office paraphrased the situation in August 1999 in accordance with the
first representation with "the labour market in Germany remains stagnant." Against this the Federal
Union of the German Employer made a statement according to the second representation: "The
number of unemployed for seasonal reasons has increased further ."

 Depending on the intention, comparative figures are chosen from the preceding month, previous
year or any other time in the past, to assess data. For example a press release of the German trade
union federation in February 1997 stated: "... in January only 732000 people were registered as
unemployed...". In August 98 employer president Dieter Hundt found out: "Therefore, in July
1998, 220000 people less were unemployed than in the previous year.“

 

 Depending on the situation and the
intention, a further attempt is made
to give different impressions by
using absolute numbers,
percentage numbers or percentage
points. The data listed in table 5
could be described as follows:

 

 Table 5

In contrast to the preceding month the situation in May 1999 changed as follows:
• The number of unemployed decreased by roughly 147000.
• The number of unemployed dropped by approx. 4.7%.
• The number of unemployed decreased by 0.5 percentage points.
• The reduction of the unemployment rate has accelerated by 27.8%.

 According to the facts mentioned above I would like to emphasize the third demand:

 Pupils should get to know basic concepts and methods of descriptive statistics in order to be able
to analyse and to evaluate interpretations of edited data critically.

 It is characteristic for the present situation that in the current curricula and guidelines for the
secondary school level (Gymnasium, NRW), descriptive statistics is not a subject at all. However,
even at primary school level descriptive statistics could be made accessible via the methods of
‘explorative data analysis’.

 month
 (1999)

 Unemploye
d

  (in 1000)

 Unemploy-
ment rate

(in %)
 March  4288  11,1

 April  4145  10,7

 Mai  3998  10,2
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 Figure 3 shows a stem & leaf diagram from a classroom project by
A. Dunkels in which children of a primary school class presented
the age of their mothers. This stem has been revised by coding the
ages in intervals of five. It gives the impression of the distribution
of the variable results as an ordinary histogram. In contrast to this,
however, it can be produced more easily and allowed to reproduce
the data. Furthermore one can immediately find the median (here:
34 years), the value, which - so to speak - halves the data series.

 

 Figure 3

 
 Another representation, suitable for secondary
school level, is the “boxplot”. The vertical joists
determine the quartiles as well as the median.
Each of the fences on the left and on the right
contain 25% of the investigated cases, so the
box represents 50% of the data. Its length is a
measurement for the interquartile distance (here:

8,5 years) and characteristic for the variability of the data. In contrast to the empirical variance and
standard deviation it is easy to understand as measure for the breadth of the typical data (in the
centre) (cf. BOROVCNIK 1992, p. 154).

 "Exploratory data analysis (EDA) is looking for terms and methods which are as simple as
possible and which are easy to understand without knowledge of any other theory.“ (TUKEY
1977 quoted of BOROVCNIK 1992, p. 353). It is difficult to understand that the possibilities
offered here have up to now not found their way into the classroom.

 5. Difficulties in  working with conditional probabilities and the formula of Bayes

 "Death travels by car! Four out of ten drivers who died in a car accident did not
fasten their seat belts! " (headline in the ADAC Motorwelt; quoted by
KRÄMER 1998a, p. 137).

 Looking at this statement superficially it seems to provide an argument for not wearing seat
belts, because the majority of ten drivers who were killed did fasten their seat belts.
However, if one takes into account that the majority of motorists fasten their seatbelts in
Germany ( because they are convinced or because the law requires it ), then it is hardly
astonishing to find out that the majority of those who were killed in an accident were not
wearing a seatbelt.

 2|8 : 28 years
 

 2 |
 2 | 89
 3 | 1111244
 3 | 559
 4 | 024
 4 | 5
 

 (of DUNKELS 1990, S.6)
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 T:= "  The person is killed in an accident"    A:= " The person is wearing a seat belt"
 
 Figure 5
 
 This line of argument shall not be followed up further here. The probability of finding that a person
killed in a car accident was strapped up does not matter. However, it is important to ask the
question the other way round: how probable is it to survive a road accident or to be mortally
injured when wearing a seat belt (figure 5).

 With the rule of Bayes one gets 
P(T) P(A | T)

P(T | A)
P(A)

⋅
= . According to information provided by

the Statistical Federal Office 1.3% of all car users in Germany died as a result of an accident in
1998.

 Furthermore about 91.5% of all car passengers wore their seat belts in the same year. The result

is 0085.0
915.0

6.0013.0
)|( ≈

×
=ATP . That means, that the probability of dying in an accident, under

the condition of wearing a seat belt, decreased from 1.3% by 34.6% to 0.85%.

 Looking at the results available we do not know how high the probability is of dying in a car
accident, without wearing a seat belt. This equation is incorrect: )A|T(P1)A|T(P −= .Students
very often make this mistake. Our late colleague Georg Schrage from Dortmund once reported of
a particularly infamous case with serious consequences for the person affected ( cf. SCHRAGE
1984, p. 7):

 In 1975 a murder trial took place in Wuppertal based on circumstantial evidence only. One of the
experts, a chemist, had found tiny fragments of material on the defendant’s clothes which matched
up with the clothes of the murdered person. He calculated the probability to 0.06% of finding such
fragments on persons who had not been in contact with each other. That means

0006.0)|( =KFP  ( F:= "Same traces on the defendant and victim" , K  := "No contact between
defendant and victim" ). It shall be left open how the expert arrived at this result. His conclusion is
more important: For the probability of finding fragments on someone’s clothes who had been in
contact with the victim the following equation can be given:
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9994.00006.01)|(1)|( =−=−= KFPKFP ! The medical “expert” argued in a similar way. It
remains to be said that the defendant was declared innocent, not least through the intervention of
Georg Schrage.

 The problem in working with conditional probabilities, and the formula of Bayes, does not lie in
the calculation but in the formulation and interpretation of the results. Often the difficulties for
pupils and students already start with the question which one of the events is the condition and
which is the cause? To conclude the above statements I would like to derive the following demand
for teaching as well as teacher-training:

 It is necessary to move the emphasis from formal treatment towards a clear and illustrative
interpretation of concepts and methods.

 In our context this means: A formal expansion such as

 "It is )AB(P)A(P)BA(P ⋅=∩  and )BA(P)B(P)AB(P ⋅=∩ .

 Because of ABBA ∩=∩  it is )AB(P)BA(P ∩=∩  and therefore

)AB(P)A(P)BA(P)B(P ⋅=⋅ . From this follows )AB(P
)B(P

)A(P
)BA(P ⋅= with

P(A), P(B) 0≠ " ( SCHMID 1992, p. 97),

 does not  give any understanding of the actions of the rule of Bayes and runs the risk that the
formula is used like a recipe in applications (frequently to be found in lessons and school books).

An example from the same schoolbook (cf. SCHMID 1992, p. 95 and p. 97):

 An average of 0.1% of a population are suffering
from tuberculosis. A medical test for tbc-
identification shows an acute illness in 95% of the
cases. In 4% of the cases however, the test shows
the illness by mistake. For a person with a positive
result the probability of suffering from TB is
calculated as 2%:

 02.095.0
04.0999.095.0001.0

001.0
)|( ≈×

×+×
=BAP

.

 It is then finally mentioned: " Surprisingly owing to
the error sources of the test only about 2% of the
persons with a positive test result are actually
suffering from TB " (SCHMID 1992, p.97).

 Figure 6

 On closer examination the ‘surprising’ result seems to become more clear: If one takes into
account that only one patient out of  thousand suffers from the illness, the probability is very high
that positive test results are taken from persons not suffering from TB. However, much more

 

0,001

0,999

0,95

0,04

A

A

B

B

B

B
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B := „The test is positive“
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important than this is the fact that the a priori probability 001.0)( =AP  rises over a positive test
result twentyfold on 02.0)|( =BAP ; and this is not mentioned at all.

 In my opinion, a way to provide an insight into these facts is the "favour-concept" of Manfred
Borovcnik. Here statements, including chance conditions when betting, can be interpreted clearly,
and of course derived also formally (cf. BOROVCNIK 1992, p. 177 -256). It would go too far to
introduce the strategy here in detail. It should only be stated that the relation
 "A favours B" )B(W)AB(W >⇔
 has the characteristic to be symmetrical, so "A favours B" ⇔ "B favours A".

 When working with conditional probabilities it is often confusing that one direction can be
understood causally (a case of tuberculosis causes a positive test result) the other one does not (a
positive test result is only an indication of the illness). There are difficulties as well, if the temporal
process is reversed in the application of the formula of Bayes. ( An urn contains 2 white and 2
black balls. 2 balls are drawn without putting them back. How probable is it that the first ball is
white when the second one is white too? (cf. BOROVCNIK 1992, S. 290 f).

 The symmetry of the favour-relation can help to obtain clarity. In our context that means that a
case of TB favours a positive test result and vice versa. On the one hand the illness leads to an
increase of the probability for a positive test result. On the other hand a positive result enforces an
increase of the probability of an actual illness.
 

 6. Subjective versus objective probabilities

 A common opinion nowadays is that chance in an event is based on lack of information and
knowledge but is not based on the phenomenon itself. It is interesting that both views were already
held in the ancient world:

 "Demokrit identified the coincidental with the not recognized and believed that nature in her basis
was strictly determined. In his opinion people created the idol from chance, in order to cover up
their ignorance. Epikur’s point of view was that chance is inherent in the real nature of the
phenomena which consequently is objective" (TARASSOW 1998, p. 11).

 Up to modern times people gave preference to Demokrit´s point of view. This becomes obvious
against the background of the history of mechanics and Newton’s classical physics (1642 - 1727).
The invention of and working with tools which obey the laws of mechanics shaped the habits of
thinking so strongly that up to our century  all physical phenomena were put down to mechanical
events: The pillars of classic physics are the following three principles (see for example GREHN
1991, p. 100 -101):

• (Weak) principle of causality: Under equal circumstances the laws of nature
lead to equal results.

• Principle of determinism: All events in the world are determined by (causal)
orders.

• Principle of objectivity: The observed natural event runs its course
independently and is not influenced by the observer.

 It is clear that chance as a quality connected with phenomena cannot have any place in such a
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conception of the world. Nevertheless the theory of probability entered classic physics, but
without questioning these basic concepts to start with. The best example of this is the error theory
developed by Gauß (1777 - 1855) which was used successfully in astronomy first but was
established progressively in all experimental sciences. Finally this theory supported even the
opinions of the time because its use resulted from the inability to avoid measuring errors. It was
assumed that they could be reduced at least in principle unlimitedly or be eliminated with the help
of theoretical analyses.

 Ludwig Boltzmann (1844 - 1906) led the first decisive blow against this view of  classic physics
with the explanation of the 2nd main law of thermodynamics:

 Heat does not travel from a warm object to a cold one by itself.

 Heat transfer is an irreversible process; it disappears by itself. For such processes it is regarded:

 Every irreversible process runs its course in a self contained system in such a way that the system
entropy increases.

 At this the entropy is S = k ln(p), in which k is a constant and W the probability of the phase. How
is this to be understood? We look at a system with two halves, each consisting of four molecules
only. The following five macro conditions are then possible (figure 7):

                  Figure 7

 The macro conditions 1 and 5 can be created in only one way: All molecules are located in the left
or right half. In contrast four micro conditions are assigned to the macro condition 2: One
molecule is in the left and the other three are in the right half respectively. This is also true for the

macro condition 4. Finally 
4

6
2

 
= 

 
 mike conditions are assigned to macro condition 3. With

altogether 16 mike conditions, the probability for the appearance of macro conditions 1 and 5 is
1

16
 respectively, for conditions 2 and 4 this is 

4 1

16 4
=  and for condition 3 finally 

6 3

16 8
= . In the

above representation macro conditions 1 and 5 have seen a clear order, all molecules are in the left
or right half. This is not the case for macro condition 3, because all molecules are distributed
evenly over the two halves. With that the entropy increase in the second main clause means
nothing other than a transition of a less to a more probable macro condition.

 It is important to realize now that the second main law has a chance character in the sense that the
posited expansion direction of the entropy increase is not strictly deterministic but the most
probable. In principle violations are quite possible (for example that a gas compresses itself), but it

 1 2 3 4 5
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is very improbable due to the enormous number of gas molecules.

 However, Boltzmann brought about a radical change with the expansion of quantum mechanics in
the first quarter of the 20th century which led to a decisive change of the deterministic conception
of the world. From the multitude of results only two shall be mentioned:

• Heisenberg (1901-1976) delivered an explanation model that place and impulse of a micro
object (for example electron) cannot both be calculated precisely at the same time. An increase
of the precision of the place measuring inevitably leaves the impulse measurement more
inaccurate and vice versa. An exact prediction of a system state, according to the classic
determinism, is impossible here.

• An electron current passes a gap (figure 8). Behind this is a movable detector in x direction
which registers the charge of an arriving electron ( mapping a; a more detailed and clear
description of these phenomena mentioned only briefly here can be found in FEYNMANN
1997, p. 157 - 182).The electrons are diffracted when passing the gap due to their wave
character which gives rise to the distribution represented. The ordinates are a measure of the
probability (strictly speaking: the density of probability) that the particle meets the x-axis in the
place in question. With two gaps the two lower distributions are attained provided that one gap
is locked (mapping b). If both openings are free one doesn't get the upper distribution by simple
addition but the one in c), a typical interference pattern due to the wave qualities of the
electrons mentioned.

             Figure 8

The following is very important: One can find out how the electrons pass the gaps with the help of
light sources next to the gaps attached. From the scattering of the light one can definitely observe,
which of the two openings a particle has passed. Though the interference pattern is being
destroyed one gets a distribution as in b). In other words: Different results are obtained whether
the electrons passing the double-gape are observed or not. However, this shows the contrast to
the principle of objectivity of classic physics which states that a natural event takes place
independently and uninfluenced by the observer .

Until now the basic roll of chance has been examined in micro physics. But which significance
does it have overall? The conduct of macro objects is determined by a very large number of
coincidental singles processes. Therefore fluctuations compensate themselves mutually and one
gets  virtually deterministic laws of high precision. For example one can calculate the so-called
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half-life of a radioactive preparation (the time after which half of all atoms have disintegrated) very
precisely while only a statement of probability can be given for the disintegration of a single atom
(cf. HÄGELE 1991, S. 21).

However, deviations from regularity are not only impossible but very improbable. "J. Perrin

(Nobel prize 1926) once calculated that a brick flies up in the air by itself every 10billion10  years
because all the particles just move up in the same direction. This is not an impossible but a

"statistically rare" event. ( For comparison: The age of the world is thought to be about 1010
years ) " (HÄGELE 1991, p. 22).

What conclusions can be drawn for the education of our students and pupils from this
discussion? I would like to illustrate this with a comparison: When Galilei (1564-1642)
discovered the laws of falling objects and Kepler (1571-1630) those of the planet movement, the
conception of the world of many people was determined by the faith in observations handed
down; natural sciences did not have any place in this. In a similar way the image of the world,
stamped by classic physics, has been overcome and changed within the sciences at the beginning
of the 20th century, and this seems not to have penetrated general consciousness. Therefore:

It must be the task of school and university to drive this change in consciousness forward and to
establish a knowledge of the basic role of chance in nature and all human endeavours.

I would like to close with a sentence from the beginning of a lecture by Erwin Schrödinger (1887-
1961) in 1922: "Physical research has proved frankly within the last four to five decades that at
least for the crushing majority of the phenomena , whose regularity and resistance have led to the
postulate of general causality, the common root of the observed strict laws is chance
(SCHRÖDINGER 1922; quoted of HÄGELE 1991, S.29).
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