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1. Introduction: Why is statistics so seldom taught? 

For several years now, t h e r e  have been many convinc ing reasons in f a v o r  
o f  in t roduc ing p robab i l i t y  and stat ist ics i n to  t h e  jun ior  secondary school 
(cf .  Ba rne t t  1883, Holmes 1880, RBde 1885). Stat ist ics should p rov ide  
possibi l i t ies t o  re late school mathematics t o  pupi ls '  interests, t o  promote 
pro jec t  w o r k  i n  mathematics teaching, t o  in tegrate o ther  school subjects, 
t o  make meaningful  applications, t o  cons t ruc t  simple models, t o  suppor t  
pupi ls '  concrete activit ies, t o  per form stat ist ical  simulations w i th  t h e  com- 
puter ,  e t ~ .  Moreover, t h e  mathematical computations requ i red  f o r  s tat is t ics 
in junior  high school a re  no t  v e r y  d i f f i cu l t .  

The re  are seemingly noth ing  b u t  reasons f a v o r i n g  t h e  in t roduct ion  o f  s ta-  
t i s t i cs  i n to  schools. B u t  t h e  actual s i tuat ion i s  qu i te  d i f fe rent .  "One would 
t h i n k  that,  w i t h  such support,  p robab i l i t y  and stat ist ics should by now 
have a well-established place i n  school cu r r i cu lum in most countr ies o f  t h e  
wor ld.  Th is  seems, however, no t  t o  be  t h e  case." (R8de 1985, p.98). 
RBde then  ident i f ies a number o f  reasons f o r  tha t .  "1) The, foundations 
o f  stat ist ics as a sc ient i f ic  d isc ip l ine are  under  debate. 2) T h e  uncer ta in ty  
o f  where should be  t h e  suitable place fo r  stat ist ics i n  t h e  school c u r r i c u -  
lum. 3) V e r y  l i t t l e  i s  known about t h e  didact ics o f  stat ist ics. 4) Lack o f  
school teachers who are  qual i f ied t o  teach stat ist ics. 5) Lack o f  app rop r i -  
ate teaching material f o r  teaching stat is t ics a t  t h e  school level." (RBde 
1986, p.24) 

1 t h i n k  t h i s  l i s t  must  be  completed because most teachers are not  w i l l ing  t o  
teach stat ist ics as in t h e i r  opinion p robab i l i t y  and stat ist ics fo rm a com- 
p le te ly  d i f f e ren t  t y p e  o f  mathematics t h a n  t h e y  know. T h e  epistemological 
s tatus o f  indeterminism is  s t range t o  them and contradicts  t h e  "deter -  
minist ic" mathematics t h e y  have learned. How is  it possible t o  teach stat is-  
t i cs  w i th  i t s  specif ic na ture  i n  t h e  classroom? The  relat ion between t h e  
specif ic epistemological s tatus o f  stat ist ics and t h e  necessary means o f  
deal ing w i t h  it i n  t h e  teaching process i s  v e r y  important f o r  teacher educa- 
t i on  and (present ly  especially i n  t h e  F.R. o f  Germany) f o r  t h e  inserv ice 
t ra in ing  o f  teachers as well. 

2. The specific nature of statistics in teaching processes 

Stat ist ics cannot be  t a u g h t  t h e  same way as "conventional" school mathe- 
matics. If one intends t o  teach stat ist ical  concepts, methods and diagrams 
as mathematical techniques f o r  bu i l d ing  u p  a small coherent theory, t h e  
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random character and specif ic na tu re  o f  s tat is t ics is  los t  v e r y  qu ick l y .  It 
degenerates t o  a collection o f  ru les  and  recipes w i thout  a n y  exp lanatory  
power (cf.  Holmes 1980, p.40). T h e  consequence is  t h a t  s tat is t ics must  be 
t a u g h t  in a broader contex t  o f  meaningful  si tuat ions which o f f e r  oppor tun i -  
t ies f o r  stat ist ical  arguments, in terpre ta t ions  and decisions. 

B u t  th i s  means, t h a t  t h e  subject  mat ter  o f  teacher t r a i n i n g  and teacher in -  
service t r a i n i n g  i s  no t  simply t h e  mathematical " theory"  o f  stat ist ics. For  
t h e  teacher's teaching ac t i v i t y  one has t o  d is t ingu ish  th ree  epistemological 
levels o f  stat ist ical  knowledge. F i r s t  t h e r e  i s  t h e  technical s t r u c t u r e  o f  t h e  
stat ist ical  content, second one has a t  t h e  same time t o  take  i n t o  account 
t h e  p u p i l  which must  learn stat is t ics i n  an appropr iate meaningful  way, 
and third, t h e  teacher has t o  plan, organise, suppor t  and develop t h i s  
learn ing process. Th is  leads t o  t h e  fo l lowing t h r e e  epistemological levels : 

1. t h e  mathematical s t ruc tu re  o f  s tat is t ics:  concepts, methods and d ia-  
grams 

2.  pup i ls '  contexts o f  ac t i v i t y  and learning:  special means o f  representa-  
t ion  and o f  ac t i v i t y  

3. t h e  perspect ive f rom teachers' a c t i v i t y  on  t h e  teachinq process: 
planning, organisation, guidance and evaluat ion o f  t h e  learn ing  p r o -  
cess. 

T h e  mathematical s t r u c t u r e  o f  s tat is t ics i n  jun ior  h igh  school is  simple and 
it contains no serious d i f f icu l t ies.  B u t  t h i s  s impl ic i ty  o f ten  causes harmful  
misinterpretations, as Holmes remarks: "Techniques should a id u n d e r -  
standing, b u t  too g rea t  a st ress a n  techniques h inders unders tand ing.  " 
(Holmes 1980, p.41) The  real didact ical problems f o r  teaching stat is t ics are 
no t  the  mathematical techniques, b u t  t h e i r  use and t h e  appropr ia te  appl ica- 
t i on  and interpretat ion o f  concepts, methods and diagrams. 

How is  it possible t o  g rasp  randomness w i t h  t h e  help o f  determinis t ic  
mathematical concepts? T o  answer t h i s  quest ion one has t o  take a closer 
look a t  t h e  centra l  stat ist ical  concepts resp.  t h e  ways o f  t h e i r  mathematical 
representat ions and t h e i r  meaningful  applications. I n  t h i s  respect, t h e  con- 
cept  o f  stat ist ical  p ropor t ion  p lays a fundamental ro le i n  jun ior  h i g h  school 
stat ist ics. Statistical proport ions are e. g . re lat ive frequencies, re lat ive 
proport ions, probabil i t ies, expected values, d i f f e ren t  mean values and 
o ther  character is t ic  values o f  d is t r ibu t ions .  

Statistical proport ions are g iven by formal def ini t ions, by ru les  o f  calcula- 
t ion  o r  simply as mathematical f ract ions.  B u t  t h e  exact ly  calculated values 
o f  stat ist ical  proport ions alone cannot re f lec t  t h e  specif ic na tu re  o f  random- 
ness. One needs a frame o f  reference i n  which t h e  random'charac ter  o f  
these values can be  assessed. Normally, such frames o f  reference are  con- 
crete applications, real random situations, small pro jects o r  stat ist ical  
pol ls.  T h e  meaningful contex t  o f  t h e  concrete character ist ics wh ich  are 
b rough t  i n  a relat ion i n  fo rm o f  t h e  mathematical p ropor t ion  helps t o  i n t r o -  
duce randomness in to  mathematical- calculations. 
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T h i s  necessity o f  t rea t i ng  stat ist ical  concepts always in close connection 
w i t h  frames o f  reference is  qu i te  un ique in school mathematics. O n l y  t h i s  
re lat ion between formal concepts and  frames o f  meaning can in f a c t  accen- 
tua te  t h e  nature  o f  randomness. A t  t h e  same time, however, t h i s  re lat ion 
requ i res  mathematical means t o  estimate t h e  degree o f  uncer ta in ty .  A t  t h e  
lower secondary level, t h e  graph ica l  representat ions and  visual izat ions are  
t h e  centra l  means t o  t r e a t  randomness mathematically. T h e  d i f f e r e n t  possi-  
b i l i t ies  t o  visualize empirical and theoret ical d is t r ibu t ions  graph ica l ly  (e.9. 
in t h e  way o f  pie-charts, coiumn graphs, histograms, stem-and-leaf d i s -  
p lays etc.)  are no t  mere i l lust rat ions b u t  conceptual models o f  s tat is t ica l  
relat ions between d i f f e ren t  stat ist ical  variables. These diagrams do  n o t  
represent  s ingle values; t h e  funct ional  relat ion permi ts  predict ions about  
t h e  uncer ta in ty  and i t s  range o f  va l id i ty .  Graphical- representat ions p r o -  
v ide  an elementary frame f o r  pup i ls  t o  make evaluations and decisions w i t h -  
o u t  be ing fo rced t o  proceed simply according t o  a unique scheme o f  calcula- 
t i on  which fu rn ishes def in i te determinis t ic  values. 

Many mathematics teachers take applications as dispensable extra-mathe- 
matical motivations and graphical  diagrams as s impl i fy ing i l lust rat ions.  B u t  
if t h e y  are  taken seriously, t hen  t h i s  changes t h e  way o f  concept develop- 
ment radical ly.  Statistical concepts are  no t  establ ished i n  a un iversa l  man- 
n e r  by a formal mathematical def ini t ion, t h e y  have t o  b e  elaborated step by 
step i n  t h e  classroom w i th  t h e  help o f  frames o f  reference. 

T h e  epistemology o f  randomness enforces t h e  d is t inct ion between t h e  
mathematical s t ruc tu re  o f  stat ist ics and pupi ls '  contexts o f  learn ing s ta t is -  
t ics.  Generally, t he re  is  always such a d is t inc t ion  between t h e  mathemati- 
cal knowledge and the  ways o f  in terpre t ing ,  understanding and app ly ing  
t h i s  knowledge. We have t o  d is t ingu ish  knowledge i tse l f  f rom meta-knowl- 
edge about  t h i s  knowledge. These t w o  sides o f  sc ient i f ic  knowledge are  
fundamental i n  e v e r y  mathematical learn ing process f o r  pup i ls  as wel l  as 
f o r  teachers. 

3. Knowledqe and meta-knowledge - A dual conception of teachinq material 
and in-service training 

It could be stated t h a t  t he re  are two  opposed reasons w h y  many teachers 
d o  no t  l i ke  t o  teach stat ist ics. If t h e  subject is  reduced t o  i t s  mathematical 
s t ruc ture ,  t h i s  seems t o  b e  mathematically t r i v ia l ,  and t h a t  could no t  sat is-  
fy t h e  demands o f  mathematics teaching. On t h e  o ther  hand, if stat is t ics i s  
seen in close relation t o  frames o f  reference - as it is  indispensable f o r  t h e  
development o f  stat ist ical  t h i n k i n g  - then  most teachers fear  t h a t  t h e  r e -  
quirements o f  stat ist ics teaching w i l l  be much too ambitious. Especially 
w i t h  regard  t o  t h e  new forms o f  teaching, e.g.  by organiz ing and pe r fo rm-  
i n g  small stat ist ical  projects and i n  rega rd  t o  extra-mathematical appl ica- 
t ions, teachers of ten feel uncomfortable and insuf f i c ien t ly  prepared.  

Th is  points t o  t h e  fac t  t h a t  in-serv ice t r a i n i n g  and teaching materials have 
t o  re f lec t  t h e  whole complexity o f  t h e  teaching/ learning process. When 
learning a new school subject l i ke  "statistics", teachers need frames o f  r e -  
ference, too, t h a t  is  contexts o f  t h e i r  professional ac t i v i t y  wherein s ta t is -  
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t i cs  becomes meaningful. According t o  t h e  d i v e r s i t y  o f  t h e  teaching profes- 
sion, t h e  meta-knowledge teachers need re fe rs  t o  d i f f e r e n t  levels: 

stat ist ical  knowledge i n  relat ion t o  t h e  

1. personal  frame: t h e  personal meaning f o r  t h e  teacher himself 

2. didact ical frame: t h e  incorporat ion o f  s tat is t ics in t h e  cu r r i cu lum 

3. teaching frame: t h e  'arrangement o f  s tat is t ics courses in t h e  classroom 

4. learn ing  frame: tasks and act iv i t ies f o r  pupi ls '  learn ing  process 

It i s  qu i te  natura l  t h a t  these f o u r  frames a re  no t  to ta l l y  independent f rom 
each other, b u t  should be regarded in t h e i r  own right. Besides t h e y  are  
he lp fu l  t o  emphasize t h e  par t icu lar i t ies o f  in-serv ice t r a i n i n g  i n  comparison 
t o  teacher education. I n  t h e i r  in i t ia l  education, teacher students s t u d y  a t  
f i r s t  mathematical knowledge as a sc ient i f ic  discipline, t hen  t h e y  learn 
about didactics, and a t  t h e  end t h e y  w i l l  acquire pract ica l  teaching exper i -  
ences. T h e y  are  educated i n  a top  down manner f rom theoret ical mathe- 
matics t o  pract ica l  teaching. I n  cont ras t  t o  t h i s  in-serv ice t r a i n i n g  has t o  
t r e a t  these f o u r  levels o f  meta-knowledge simultaneously, because exper i -  
enced teachers learn new knowledge i n  qu i te  another way t h a t  i s  by always 
t r y i n g  t o  relate aspects o f  these levels and t o  in tegra te  them. 

T h e  main problem o f  o u r  pro ject  was how t o  develop these d i f f e r e n t  com- 
ponents o f  meta-knowledge i n  co-ordination? A fundamental re lat ion be-  
tween al l  these components is  t h a t  between t h e o r y  and practice, n o t  simply 
in t h e  way o f  how theory  is  pract ica l ly  usefu l  and applicable, b u t  i n  t h e  
shape o f  a genuine dialectic in terre lat ion.  According t o  t h i s  in ter re la t ion  
between t h e o r y  and practice, o u r  pro jec t  g r o u p  was composed o f  teachers 
and researchers, t h e  cooperative work  was organized and t h e  material was 
constructed i n  a dual  conception. 

T h e  pro jec t  g r o u p  consisted o f  s ix  mathematics teachers f rom comprehensive 
schools, t w o  researchers f rom t h e  lDM/Bielefeld, and t w o  members o f  t h e  
state i ns t i t u te  f o r  school and cur r icu lum development (LSW/Soest) , which 
organized and f inanced t h e  in-service t r a i n i n g  and t h e  teaching material. 
T h i s  g r o u p  elaborated a f i r s t  proposal o f  t h e  material and conducted t h e  
in-serv ice seminars la ter  on. Before t h e y  took place, pa r t s  f rom t h e  f i r s t  
vers ion were tested by about 8 teachers. We observed and recorded some 
o f  these lessons on statistics; af terwards several in te res t ing  episodes o f  
t h e  recorded lessons were t ranscr ibed.  These t ransc r ip t s  were also used 
as material f o r  discussion and analysis d u r i n g  t h e  in-serv ice seminars. T h e  
f i r s t  vers ion o f  t h e  teaching material served as a learn ing  material f o r  t h e  
par t ic ipa t ing  teachers, b u t  t he  pro jec t  g r o u p  also expected cr i t ic isms and 
suggestions f o r  improvements. 

T h e  material f o r  teaching stat ist ics i n  grades 7.18 (Ste inbr ing  e t  .al. 1986) 
contains two main par ts :  F i r s t  a mathematical and didact ical in t roduct ion  
i n to  stat ist ics and second, a number o f  concrete teaching proposals i n  t h e  
fo rm o f  d i f f e ren t  stat ist ical  projects. The  f i r s t  par t ,  t h a t  is  t h e  mathe- 
matical presentat ion o f  stat ist ics'  f o r  t h e  teacher, subdivides again i n to  two 
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sections. T h e  f i r s t  section "Concepts and means o f  representat ion in stat is-  
t i cs  a t  t h e  lower secondary level" does no t  simply prov ide  t h e  mathematical 
s t r u c t u r e  o f  stat ist ics b u t  it t r i e s  t o  re late it t o  a personal frame o f  r e f e r -  
ence f o r  t h e  teacher. In t h e  f o r m  o f  a small "project f o r  t h e  teacher" some 
data on schools, pup i ls  and mathematics teachers are  presented and eva lu-  
ated, wh ich  serves t o  g i v e  a personal context  o f  in terpretat ion.  T h e  
second section "Statistics teaching - Didactical or ientat ions and pract ica l  
h in t s  f o r  teaching" presents a didact ical frame o f  reference f o r  t h e  teach- 
e r .  T h e  place o f  stat ist ics in t h e  cu r r i cu lum - especially w i t h  r e g a r d  t o  
p robab i l i t y  - is analyzed; a didact ical conception o f  stat ist ics i s  developed, 
t h i s  means t h a t  among others t h e  concept o f  stat ist ical  p ropor t ion  and t h e  
ro le  o f  graphical  representat ions are  explained; problems o f  real iz ing a 
stat is t ics course are t rea ted by present ing  a possible succession f o r  t h e  
cent ra l  s tat is t ica l  concepts i n  t h e  shape o f  projects. A t  t h e  end, a l i s t  o f  
concrete h in ts  f o r  teaching stat is t ics is  attached, as t h e y  resu l t  f rom sys -  
tematical ref lect ions and f rom pract ica l  experiences. 

T h e  second main p a r t  is  also constructed according t o  t h e  dual  conception. 
On t h e  r i g h t  sides o f  t h e  material t he re  are l is ted specif ic tasks, p ro jec t  
works  and stat ist ical  evaluations f o r  pupi ls .  T h e  l e f t  sides contain cor res-  
pond ing explanations and h in ts  f o r  t h e  teacher, namely concerning t h e  
expected amount o f  time, t h e  stat ist ical  concepts and t h e i r  meaning i n  t h e  
specif ic project, possible teaching problems which might  ar ise a t  t h i s  
point, and possible var iat ions o r  simplif ications o f  tasks. The  proposed 
pro jects a l l  deal w i t h  quest ions pup i l s  might  have in the i r  eve ryday  l i fe .  
T h e  r i g h t  sides in th i s  p a r t  o f  t h e  material on stat ist ical  pro jects re fe r  t o  
t h e  learn ing  frame and t h e  l e f t  sides t o  t h e  teaching frame. 

Th is  s h o r t  descr ipt ion shows t h e  dual  conception o f  knowledge and meta- 
knowledge real ised i n  t h e  material. Even th i s  improved version should not  
b e  considered waterproof; it is  no t  a sc ient i f ic  book b u t  a work ing  material 
which teachers should use several times over  many years, and which the re -  
by should be  improved by teachers' own experiences and be  adopted t o  
t h e i r  purposes. The material could on ly  encourage and suppor t  t h e  f i r s t  
access t o  teaching stat ist ics. The  f u r t h e r  teaching wi l l  on l y  be stabi l ized 
when teachers c r i t i ca l l y  use t h i s  o r  similar material whi le contrast ing it 
w i t h  t h e i r  teaching experiences. Teachers must try t o  learn t o  teach stat is-  
t i cs  i n  a step by step way o f  self-optimization, which should rea l ly  be  sup -  
po r ted  by a cooperative procedure among several teachers a t  t h e  same 
school. 

T h e  pro jec t  work  has shown t h a t  t h e r e  cannot ex i s t  a per fec t  material f o r  
teachers which t h e y  could s t u d y  f rom t h e  beginning t o  t h e  end  and which 
would enable them then  t o  teach stat ist ics per fect ly .  Especially t h e  stat is-  
t i ca l  subject  mat ter  w i th  i t s  par t icu lar  epistemological d i f f icu l t ies empha- 
sizes t h a t  t h e  acquisi t ion o f  a new mathematical subject must  be supported 
by a v a r i e t y  o f  measures which re fe r  t o  t h e  mathematical knowledge, t h e  
problems o f  teaching and t o  t h e  organizat ion o f  teaching processes. Be- 
cause the re  cannot be a simple automatical way t o  teaching statistics, it is  
understandable w h y  stat ist ics unfor tunate ly  is  s t i l l  seldom taught,  b u t  one 
can also imagine some basic problems which have t o  be overcome. 
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