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Introduction 

We wil l  present and discuss the outlines of a curriculum fo r  stochastics in -  
struction in  the middle grades. Why such a construction at  a time where 

plentyl of analytic investigations are done and are t o  be done in  th is  do- 
main? 

- There is already stochastics instruction and there are many students and 
teachers who need and wait fo r  better syllabi. 

- It see 
ences 
we hi 
ingfu 

- Such 
tions a 

) me (in regard of the published studies and from own experi- 
i f ferent types of Germany School fo r  more than 10 years) that 
lready many facts which prescribe certain features of a mean- 
ning sequence. 

luence would serve as a favourable basis fo r  fur ther  investiga- 

- Last bu t  not least: didactical constructions never can be founded only on 
analysis, bu t  must include prospective and normative elements. 

Of course, this curriculum merely gives a frame. It must be concreted and 
f i l led at  the f ron t  and even be open fo r  alternative approaches.3 

Criteria 

Firs t  we will argue four (not independent) cri teria fo r  such a sequence. 

Structure of the discipline. 

This could be misunderstood as elementarisation o r  even imitation of a sys- 
tematic university lecture. It means in  the contrary that we remember the 
rise of the discipline and how i ts  methods are used. 

Then we see: 

- Stochastic work is taking place in  a control circuit:  

stochastic ~ r o b l e m  calculation -stochastic solution 

mode-l l i ng interpretation 

I 
problematic stochastic - feedback 

4 
solution within the 

situation solution 
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This is a special (and very  simplified) version of the general relationship 
between world (reality) and mathematics (model). 6.7 

- Stochastic work is characterized by a suitable combination of statistical 
tools (especially within modelling interpreting and feed-back) and pro-  
babilistical methods (calculation). 5 

- Stochastic work has reached and influenced nearly all sectors of daily life 
and nearly all disciplines. 

Student-related proceeding. 

That means: 

- We have strongly t o  consider the actual state of our student's cognitive 
development. 

-We have to  plan and t o  warrant a r ich arsenal of student activities, 
especially at the enactive and the iconic stage. 

- We have to  evoke the primary intuitions of our students for  to  strengthen 
the correct ones and t o  reduce the biased ones (which is a long-time 
problem. 1.2 

Aim "adequate behaviour i n  stochastic situations". 

- We should create and enhance the abil i ty to  pass (as often as necessary) 
the stations of the control circuit.  It is no secret that - up to  now - 
curricula, school books and above all the instruction itself don't suffi- 
ciently meet this criterion. Activities within stochastic systems are domi - 
nating; modelling, interpreting o r  feeding back come off badly. 

Genetic teaching. That is to  say: 

- Instead of pushing forward the theory we should arrange our lessons 
according to  the complexity of the situations the students are confronted 
with. 

- As soon as possible we should lead our students through the control c i r -  
cu i t  and should br ing it to  their  consciousness. 

- Game situations are very  useful i n  the beginning of a new phase because 
they are motivating and easy t o  model (but should not dominate). 

- We should make frequent use of simulations and model experiments (e. g. 
coin, urn, spinner, Galton board). 

- Supporting concepts are riot given unt i l  they are indeed helpful. This 
holds especially for concepts out of set theory and combinatorics. 

- On the other hand: Chief concepts (such as chance, independence, f re -  
quency, probability, expectation, distribution) are introduced as early 
as possible and successively brought forward. 
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Learn inq  Sequence 

Some remarks: 

- T h e  sequence consists o f  several phases. A phase doesn't c u t  of f  b u t  
car r ies  on i t s  predecessor. 

- Each phase i s  character ized by i t s  c ruc ia l  ac t i v i t y .  

- T o  each ac t i v i t y  belongs t h e  c r i t i ca l  re f lex ion  about  it, about i t s  resul ts  
and about such act iv i t ies o f  o ther  people e.g. in t h e  pub l i c  media. 

- T h e  contents o f  ou r  sequence don't d i f f e r  too much f rom those o f  t h e  o f -  
f ic ia l  syl labi.  Th is  i s  important  f o r  i t s  acceptance by t h e  teachers and a 
consequence o f  t h e  experience t h a t  improvements are  ra ther  due t o  t h e  
change of aims and methods than  t o  new topics. 

1. Phase: Exper imentat inq 

Contents: simple chance experiments (w i th  one, w i t h  several stages 
( f i r s t  independent, la ter  on dependent)) f rom d iverse areas ( inc lud ing 
informat ive sampling) ; sampling) ; collecting, winning, ponder ing and 
g raph ing  t h e  resul ts  (data); in connection w i t h  poly-staged experiments: 
t r e e  diagram and mult ipl icat ion pr inc ip le .  

Background:  representat ive confrontat ion w i t h  chance; percept ion o f  i t s  
f requency and relevance; discussion o f  t h e  p r imary  intui t ions; qual i ta t ive 
approach to: 

Centra l  concepts: chance, label, experiment, t r ia l ,  outcome, ( in)depen- 
dence, p robab i l i t y .  

T h i s  phase needs a l o t  of time and there fore  should s t a r t  as ear ly  as pos- 
sible. 

2 .  Phase: Quan t i f y ing  

Contents: absolute and re lat ive f requency  o f  outcomes; empirical law of 
la rge numbers; p robab i l i t y  o f  an outcome as i t s  expected re lat ive f r e -  
quency a f te r  many tr ials;  f requency and p robab i l i t y  d is t r ibu t ions  (many 
d i f f e r e n t  types); uniform d i s t r i bu t i on  as a special case and classical p r o -  
bab i l i t y .  

Background:  stochastic dialectic: chaos i n  detai l  versus o rde r  on t h e  
whole; construct ion o f  a measure f o r  p robab i l i t y  which meets t h i s  dialec- 
t i c  (and there fore  is  a p r i o r i  problematic;3 in t roduct ion t o  t h e  basic 
methods o f  descr ip t ive  stat ist ics (and EDA?) . 
Cent ra l  concepts: absolute and re lat ive frequency, probabi l i ty,  d i s t r i -  
but ion, un i fo rm d is t r ibu t ion .  
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3. Phase: Calculatinlq 

Contents: probabi l i t ies i n  one- and poly-staged experiments; work  w i th  
the  t ree  diagram, f i r s t  and second path-rule; simulations. 

Background: probabil it ies by probabil i t ies (especially f rom the outcomes 
t o  the  event, f rom the  stages t o  t he  whole experiment); passing (and re-  
passing) the  control  circuit ;  advantages and limitations o f  t he  probabi l i ty  
concept; simulation (with and wi thout  computer) - as a control and as 
an alternative solution. 

Central concepts: secondary probabil i ty, (in)dependence, simulation. 

4. phase: Characterizing 

Contents: location and dispersion parameters o f  f requency and probabi l -  
ity distr ibut ions. 

Background: power and limitation o f  these parameters i n  stochastic si tua- 
tions; advanced work  i n  the  control  c i rcu i t .  

Central concepts: mean, median, modus, average deviation; expectation, 
expected deviation. 

With th is  phase we have reached a f i r s t  solid level o f  stochastic abil it ies 
and insights. We should try t o  b r i n g  each student t o  th is  level even un -  
der bad conditions. Th is  is  possible as we have shown i n  a 6 years inves- 
t igat ion wi th  more than 1500 students i n  the  German ~ a u ~ t s c h u l e . ~  

5.  Phase: Systematizing 

Contents: event as set o f  outcomes; f requency and probabi l i ty  o f  events; 
combinatorial rules and i ts  importance f o r  the determination o f  classical 
probabil it ies i n  case o f  a b i g  number o f  outcomes. 

Background: resuming, precis ing and s t ruc tu r ing  the  mathematical p a r t  
of  the stochastic knowledge worked ou t  u p  t o  now, motivated b y  the i n -  
creasing complexity of  the situations; preparation o f  a f u r t he r  enhance 
central concepts: event, n-tuplet, permutation, sample, binomial coeff i-  
cient. 

6. Phase: Evaluatinq 

Contents: inver ted t ree  diagrams; conditional probabil it ies ( including 
product  rule, Bayes' Theorem); binomial distr ibut ion; simple test ing i n  
case of  th is  hypothesis. 

Background: evaluating the  causes f o r  events which have occurred; 
evaluating (by sampling) the qua l i ty  o f  maintained o r  supposed probabi l i -  
ties; revis ing hi therto valid resul ts i n  the l i gh t  of  new experiences;2 
the problematic nature o f  such judgements2. 
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Central concepts: conditional probability, independence, binomial d is t r i -  
bution, sample, test, statistical safety (significance) 

Whether the students reach th is  second, more elaborated level of  stochastic 
reasoning and behaviour or  not, a t  any rate we propose a final project 
approach t o  an interesting, important and relatively complicated real-life 
problem. Such a project meets. the above mentioned criteria much better 
than the normal manner of..instruction wi th  i ts  cu t  o f f  tasks.2 The stu-  
dents wil l  learn that such a problem matters more than one discipline and 
t h a t  stochastic methods provide only some of the arguments for the f inal 
judgement o r  decision. 

In our curriculum for the Hauptschule (4) we have developed the following 
projects : 

- Fil l  out  of ready-made packings 

- Heredity of characteristics 

- Chances of winning i n  public games of hazard 

- Unemployment 

Last remark: Such a rough sequence is a necessary b u t  not sufficient con- 
dition for  an effective stochastics instruction. What really happens in  
school depends also (and perhaps more) on the quali ty and the energy of 
the teacher. 
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