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1 . Some general methodolwical remarks : The "Operative Method" 

The so-called operative method has i ts roots in  the work of J. Piaget. His 
concept of the "operation", both concrete and formal operation, and the 
psychological structure of "grouping" constitute the background of this 
methodological approach. It was developed by Aebli (1963) and Fricke 
(1970) i n  a special direction which we could call non-formal and non- 
deductive. 

Some colleagues of the P'iagogische Hochschule ~ e i d e l b e r ~ 3  who have 
continued working on this level have furthermore modified Fricke's method- 
ological principles, in  order t o  make this methodological concept easier to  
pu t  into practice at  school level. They have elaborated the following f ive 
principles : 

1. The Principle of Associativity 
Example: To pose a problem or a task which allows several solutions or 
(at least) several modes of f inding the solution. I 

2. The Principle of Composing 
Example: To combine an (arithmetical) operation with others or  with it- 
self: The multiplication b y  two/and once more the multiplication b y  two 
equals the multiplication by four 

3. The Principle of Reversion 
Example: When you are changing a square into a rectangle b y  doubling 
the one side and cutting the half of the other side the area of the f i g -  
ures remains constant. 

4. The Principle of Transit ivity 
Example: 5 + 3 = 8, therefore, 15 + 3 = 18, 25 + 3 = 28, and so on . . 

5. The Principle of Variation 
It is the most general of these principles. Usually this is used for  the 
construction of easier adjacent tasks as a means for  solving more d i f f i -  
cult tasks, o r  we use the possibility of variation in the construction of 
task series. 
Example: Four friends make a t r i p  by bicycle. Uwe does 30 km in  2 
hours, Peter does 30 km in 1-1/2 hours, Jens does 40 km i n  2 hours, 
Bernd does 40 km in 1-1/2 hours. The parents of Peter follow them b y  
car. They are 3 times faster than Peter. 

After these introducing remarks I want to  point some didactic conse- 
quences: We have learned from psychology that the learning of operational 
concepts has to  be linked with the attributes of the operative method above 
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mentioned. Th is  can be real ized w i t h  t h e  proven method o f  building u p  
mathematical knowledge i n  th ree  stages: 

1. Learning th rough  experience: t h e  pupi ls  solve problems, f i gu re  o u t  
caref u lly selected assignments, analyse questions, per form appropr iate 
experiments. 

2. Stage o f  concept formation: t h e  pupi ls  look f o r  shared and essential 
characterist ics o f  t he  objects w i th in  t h e  scope o f  t h i s  experience: t h e y  
begin t o  generalize. 

3. Stage o f  representation: t h e  pupi ls  use graphic  or symbolic representa- 
t ions and  also learn t o  use more formal methods. 

It is t he  experience o f  many teachers t h a t  pupi ls  accept and make use of  
t h e  operative a t t r ibutes when problems are posed according t o  t h e  operative 
principles, t h a t  pupi ls deal - sometimes - consciously w i th  these at t r ibutes 
o f  tasks 'o r  problems, and t h a t  a special so r t  o f  act ive behaviour is  devel- 
oped d u r i n g  a long term learning process according t o  th is  didactical de- 
sign. 

2. Special information on t h e  methodoloqical approach 

Pupils between 12 and 15 years o f  age - especially t h e  "slow-learners" - 
have t o  solve a large number o f  assignments before they  can begin and 
c a r r y  o u t  a process o f  generalization. 

I 

One of  t h e  goals is t o  concretize learning t h rough  discovery; therefore 
formal solutions remain somewhat in the  background, whereas more emphasis 
is placed upon t h e  activi t ies o f  t he  pupi ls  and t he i r  dealing w i t h  variat ion 
in situations and tasks. 

The fol lowing points should be g iven special attention : 

- Dealing w i th  t he  contents o f  the  problems i n  a practical manner is def in-  
i te ly  preferable t o  a formal treatment. A formal descript ion o f  a set o f  
facts o r  a technical treatment w i t h  formulas wi l l  general ly b r i n g  more d is-  
advantages f o r  t he  student than  advantages. Th i s  is why  we on ly  occa- 
sionally use t h e  formal descr ipt ion form. On t h e  contrary, an outstanding 
role is played by the  heurist ic, experimental approach - f o r  example, 
w i th  t h e  introduct ion o f  t h e  ari thmetic mean - and systematically var ied 
problem formulation - f o r  instance, i n  t h e  discussion of  scatter (mean 
deviation) o r  i n  the  treatment o f  t h e  minimal p roper ty  o f  t h e  median 
value. On ly  t h i s  approach makes it possible t o  convey a v i v i d  idea of  
these concepts and t he i r  interrelat ionships w i th in  t h e  few teaching hours 
available f o r  t h i s  topic. 

- I n  o rder  t o  implement t h i s  strategy, t h e  teacher needs topical and st imu- 
lat ing assignment material. For t h i s  reason the  assignments were selected 
in such a manner t h a t  t he  environment o f  t h e  students o r  t he  general 
repor t ing  section o f  t he  da i ly  press prov ided t h e  contextual background. 
Assignments dealing w i t h  games o f  fo r tune  such as lotteries and so on 
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are highly at t ract ive t o  students.. These .problems fa l l  under t h e  top ic  o f  
probabi l i ty  calculus and are t o  be deal t  w i t h  there. 

T h e  slow-learning pupi ls cannot lea,rn systematically t he  stat ist ical con- 
cepts so tha t  t h e  off icial cur r icu lum defines t h e  fol lowing scope, f o r  de- 
scr ip t ive statistics: "Solving simple basic problems in t h e  area o f  descr ip-  
t i v e  statistics". These basic problems can be rough ly  d iv ided u p  i n to  th ree  
general areas: 

F i r s t  area: "Collecting stat ist ical material; ar ranging and represent ing it 
appropriately". Th is  is pr imar i ly  a matter  of qual i tat ive aspects o f  t h e  sta- 
t is t ical  method o f  working.  How does one take  a "coincidental random 
sample"? What does random sample actual ly mean? Which graphic represen- 
tat ions are especially suitable f o r  depic t ing t h e  information concisely and 
clearly? These and similar questions are dealt w i t h  i n  great  depth in t h e  
f i r s t  three sections of  ou r  proposals by means o f  examples and assign- 
ments. I n  addition t o  t he  h igh ly  var ied use o f  d i f ferent  graphic possibi l i -  
ties, t h e  use of  random numbers deserves special emphasis i n  t he  class- 
room. Random numbers prov ide a much more convenient process than  t he  
usual drawing o f  lots t o  const ruct  a real  random selection f rom any  popula- 
t ions. 

Second area: Here the  question is pursued  as t o  how t h e  above mentioned 
qual i tat ive aspects can be quantif ied. Which "measurements", which char -  
acterist ic values of  a random sample allow f o r  reasonable statements? The  
off icial curr iculum guidelines include t h i s  objective among the  f,ollowing 
goals: 

"Calculating mean values; in te rp re t ing  f requency distr ibut icns;  deciding 
whether certain statistical representations and compilations are appropr i -  
ate, useful and clear". Th is  task, among others, is  dealt w i th  i n  sections 
4, 5 and 6 as well as, .to a lesser degree, a few o f  t he  assignments i n  sec- 
t ion 7. The crucial  matter i n  teaching t h i s  material is the  question as t o  
how t h e  indiv idual  characterist ic values (highest, lowest, most frequent, 
least frequent, mean value, median value) change when the  indiv idual  
values o f  the  random sample change; f o r  on ly  i n  th is  manner it is possible 
t o  i l lustrate what is achieved o r  not  achieved by the  characterization o f  a 
random sample by means of these values. 

T h i r d  area: More in-depth qual i tat ive and quant i tat ive analysis o f  random 
samples. Th is  objective can be especially well just i f ied and achieved by 
comparing two  random samples. Th i s  is  'done in section 7. Th is  is  where it 
becomes par t icu lar ly  clear t ha t  t he  subject matter o f  grade 8 and 9 are 
closely intertwined: i n  grade 8 t he  in-depth treatment o f  the  abovemention- 
ed parameter values is l imited t o  t he  mean value (arithmetic mean) and t he  
median value. So the  minimal p rope r t y  o f  t he  median value could be t he  
basis o f  qui te interest ing problem formulations. 

"Comprehending and in te rp re t ing  t he  deviations f rom mean values" is  de- 
fined as a special learning objective f o r  t h e  upper  t r ack  of grade 8, w i th  
t he  recommendation "not t o  introduce t h e  standard deviation". On the  
other hand, the  treatment of th is  subject matter as the  "calculation o f  mean 
values and deviations f rom mean values" is requ i red  f o r  al l  students i n  
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n in th  grade. Here it might v e r y  well be advisable t o  introduce t h e  stan- 
da rd  deviat ion by means o f  examples on ly  in t h e  upper  t r ack  as well. 

Since curr icu lum guidelines do not  exp l ic i t ly  mention t h e  concept o f  "sum 
frequency" and t he  procedure o f  simpli f ied calculation o f  t h e  mean value, 
it i s  probably  a good idea not  t o  deal w i t h  assignments in th i s  area un t i l  
n i n th  grade when the  objective i s  "deepening knowledge in work ing  w i t h  
statistics". 

The  suggestions i n  section 5 (misleading representations) are meant t o  en-  
courage teachers and students t o  analyze f u r t h e r  examples o f  false o r  mis- 
leading repor t ing  w i th  "slanted" stat ist ics. As  a ru l e  t he  material b rough t  
along by the  students .wil l be qu i te  extensive and varied, so indiv idual  
problems can be  solved i n  t he  g roup  teaching situation. 

3. Some assignments and problems according t o  t h i s  approach 

The  methodological possibil it ies are elaborated wi th in  t he  context  o f  t he  fo l -  
lowing contents: 

a) Whaf is  a "random sample"? b) How do  we use a "l ist"? c) A few, diagrams 
d) Can you  add mean values? e) T h e  median. f) Comparison of  random 
samples - mean deviation and standard deviation. 

For t h e  moment I wi l l  p i ck  ou t  t h e  fol lowing example: 

e) comparison of random samples - mean deviat ion and standard deviation 
Main objectives: There are several data corresponding t o  each random 
sample. It depends on t he  formulation o f  t h e  par t icu lar  question whether 
t h e  highest value, the  lowest value, t he  mean value, the  median value, t h e  
(absolute) mean deviation, t he  standard deviation o f  a random sample are 
used t o  evaluate t he  sample. 

Problems re fe r r i ng  t o  mean deviation. 

1. Th i r teen  chi ldren p lay croquet i n  two  teams. These are t h e  game 
results: 

Which team has won? The  chi ldren cannot agree. 

Team I : Ch i ld  

A 
B 
C 
D 
E 
F 
G 

Team I1 : Chi ld 

H 
I 
K 
L 
M 
N 

Number o f  strokes 

29 
31 
30 
26 
27 
24 
20 

Number o f  strokes 

29 
24 
35 
19 
31 
34 
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(1) L: "I 'have fewer strokes than anybody else, so ou r  team has won". 

( 2 )  G: "No, K has the most strokes o f  all, so your  team has lost". 

(3)F: "Even if you add u p  the  highest and the  lowest numbers f o r  both 
teams and compare the  sums, your  team has s t i l l  lost". 

(4)H: "No, you have t o  add u p  a14 the  points f o r  each team. Then we've 
won". 

( 5 )  8: "But  there were on ly  six o f  you, we had seven on our  team. Let's 
say al l  of  the  players i n  each team the  same number o f  strokes. For us 
that's 187:7 and fo r  you it's 172:6. So we've won". 

a) Which team would have won if the  children had taken the  median value 
' as the decisive criterion? 

b)Evaluate the above suggestions f o r  winning! - Which proposal most 
emphasizes the  performance o f  the  ent i re team; which gives p r i o r i t y  t o  
the  performance o f  indiv idual players? 

2. Compare the last two math tests taken i n  a class by f i gu r ing  ou t  the i r  
average values (l ists 1 and 2) .  

of  grades 6 4 5 5 4 1  

Result: Both tests have the  same average value o f  3. This  means tha t  it 
can be said tha t  the  grades were equally good on both. Nevertheless there 
are major differences. This  can also be seen when the  two corresponding 
block diagrams are compared ( f igure 1 and 2 ) .  What are these differences? 

Figure 1 - Figure 2 
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The d is t r ibut ion o f  the  random sample values around each o f  t he  mean 
values d i f f e r  as follows: 

Qualitative evaluations: 

Random sample 1: "Many" values are close to the  mean value, "few" values 
are f a r  away or:  t he  values are accumulated around the mean value. 

Random sample 2: "Few" values are close t o  the  mean value, "many" values 
are f a r  away or :  the  values are highly "scattered". 

Quantitat ive evaluations: 

Calculate f o r  both random samples 

1. the  difference between the two boundary values in the  ranking l i s t  
(range), 

2. the  number o f  values tha t  d i f fe r  f rom the mean value, 

3. the greatest deviation o f  the grades from the  mean value, 

4. the sum o f  al l  of  the  deviations of the  grades from the mean value, 

5. the  mean deviation o f  the  grades from the  mean value. 

a) Systematically va ry  the  data of  the  two random samples in such a man- 
ner :that it is possible t o  make a decision as t o  the usefulness of the 
f i ve  statistical units introduced here t o  describe the quali tat ively col- 
lected data. 

b)What would a random sample have t o  look l ike fo r  the  mean deviation 
o f  al l  of  i ts  values from the mean value t o  be zero? 
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