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I ntrodudion 

This  paper discusses two models o f  the  process of teaching statistics, the 
mathematical and the practical, i n  the  context o f  te r t ia ry  level service 
courses. B y  "service courses" I mean courses given for purposes other 
than the  t ra in ing of  students t o  become professional statisticians - courses 
w i th  names such as Statistics f o r  Psychology, Quantitative Methods i n  
Forestry, and so on. Thei r  market is students who may need t o  analyse 
data, o r  understand and cri t icize someone else's analysis o f  data, i n  some 
other area o f  study. They of fer  the i r  students a key t o  numeracy, and 
thus f u l l  competence i n  the i r  academic speciality. To  the statistical profes - 
sion they  are ultimately the  main form of  PR (Public Relations act iv i ty) .  As 
th ings are, unfortunately, much o f  th is  PR is negative. 

The mathematics associated wi th  statistical theory is often blamed f o r  th is  
negative PR. While th is  may be pa r t l y  true, I submit that  the  mathematical 
model o f  teaching must bear a large p a r t  o f  the  blame fo r  pu t t ing  students 
o f f  statistics. 

The Mathematical W e l  Described 

The mathematical model o f  statistics teaching takes i ts name from the ap- 
proach almost universal ly used by univers i ty  mathematics teachers. Th is  
may be styled simply as "teaching by theory and an opportuni ty f o r  s tu -  
dents t o  engage i n  a dialogue wi th  teachers about t he  content o f  lectures." 
In practice, students are usually not  well prepared fo r  such dialogue, as 
they  have comprehended b u t  l i t t le  o f  the  lecture material. Further, most 
tutorials are taught by postgraduate students who have l i t t le  experience 
of, and no t ra in ing for, teaching. Consequently, many tutorials closely 
resemble lectures - wi th  the t u t o r  g iv ing  information and the students 
wr i t i ng  it down. The tone tends t o  be formal, and the students passive. 

The most important medium of  instruct ion is the problem sheet - a weekly 
l is t  o f  problems t o  be attempted by students. It is important because it 
defines the course i n  operational terms fo r  the student, and is the focus of  
most o f  the attention the student devotes t o  the  course. Further, the  
examination a t  the end of  the  course is b u t  a "super" problem sheet a t -  
tempted under exacting conditions. I t s  emphasis is on abi l i ty  t o  "do 
examples". Some questions may ask f o r  exposition of theory, b u t  usually 
these are set-pieces requi r ing recall of lecture material - known as "book- 
work" . 
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Rationale 

The  rationale o r  under ly ing educational theory  support ing the mathematical 
model is seldom discussed. Perhaps it is thought  tha t  explication of the  
model is unnecessary. The following "water supply" examples, b u t  f o r  a 
bet ter  description it is useful t o  consider the  roles o f  the lecture, the  
tutor ia l  and the problem sheet i n  t he  mathematical model. 

The lecturer is  a source o f  knowledge and wisdom and an organizer o f  
mathematical ideas. In 50-minute stretches of continuous monologue, 
wr i t i ng  and sketching he reveals a pat tern he has imposed on mathematical 
topics. The subject matter is theory  and i l lustrat ive examples. He may also 
give a rationale - a runn ing  commentary explaining why the present topics 
are wor thy o f  study. I n  service courses i n  statistics providing a rationale 
is d i f f icul t :  there is a tension between gett ing through a l is t  o f  statistical 
topics and relat ing these topics t o  possible applications. 

The lecturer's monologue proceeds a t  a conversational pace, which seems t o  
assume tha t  the students are following and understanding. Yet th is  is 
rare ly  the  case. The students are kep t  busy tak ing down the notes the 
lecturer writes on the blackboard, also a t  a fast  pace. The joke tha t  in fo r -  
mation passes from the lecturer's t o  the students' notes without passing 
through the minds of either p a r t y  is sometimes not f a r  from the t r u th .  And 
the  lecturer and the  students know this.  

Tutorials, i n  Australian universities, are small-group teaching sessions 
which supplement lectures. Usually there is one tutor ia l  per week, and 
either 3 o r  4 lectures. I n  theory, tutor ia ls provide theory, though a car i -  
cature, may not be too inaccurate. 

Knowledge is fed by grav i t y  f rom a central reservoir (the lecturer) d i rect-  
ly t o  individual containers (students), and indirect ly via holding tanks 
( tutors) .  I n  the  containers a permeable barr ier  separates the open de- 
l i ve ry  compartment from an inner compartment, so tha t  the knowledge 
evaporates and percolates a t  the same time. Tha t  p a r t  of it which reaches 
the  inner compartment is said t o  be learned. Problem sheets are provided 
as tools f o r  punctur ing the barr ier .  

I n  th is  theory  there are three explanations f o r  student failure. First, ex -  
cess evaporation. The student has through lack o f  e f for t  failed t o  become 
acquainted wi th enough of  the knowledge provided. Second, ineff icient 
percolation. Though the  student may have worked, his learning strategies 
are inadequate. Third, lack of space i n  the inner compartment. The s tu-  
dent lacks the requisite intelligence. Similarly, there are three explana- 
tions f o r  student success. 
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Corollaries o f  t h i s  theo ry  a re  t h a t  

- s tudent  learn ing is  essential ly a passive process 

- s tudent  learn ing happens on an ind iv idua l  basis 

- knowledge f lows in one direct ion, a n d  

- teaching strategies are  i r re levan t  t o  outcomes o f  t h e  process. 

Popu lar i ty  

T h e  mathematical model remains popu lar  in stat ist ics service courses f o r  
t w o  reasons. One reason is  t radi t ion,  o r  iner t ia .  Most s tat is t ics teachers 
are  mathematically t ra ined and t e n d  t o  use t h e  o n l y  model o f  teaching w i t h  
which t h e y  are acquainted. 

T h e  o ther  is  t h a t  teachers see t h e  mathematical model as ef f ic ient .  It en-  
ables them t o  "cover" a wide v a r i e t y  o f  techniques - t o  p rov ide  an al l -  
purpose stat ist ical  tool kit. T h e  use o f  mathematics-style "examples" avoids 
t h e  r i s k  o f  becoming bogged i n  "dirty" data o r  problems which are  poor l y  
def ined o r  open ended. Time i s  not "wasted" on defining, col lect ing and 
recording, on ref raming quest ions o r  redesigning experiments. 

B u t  t h i s  ef f ic iency per ta ins o n l y  t o  del ivery,  no t  t o  absorpt ion o f  knowl -  
edge. With students unaccustomed t o  mathematics teaching evaporat ion 
rates can b e  alarming. 

Fur ther ,  it does no t  per ta in  t o  re t r i eva l  o f  knowledge f o r  la ter  use. Many 
students who succeed in stat is t ics serv ice courses are unable in la ter  
years t o  match a standard technique t o  a data-analysis problem a r i s ing  i n  
some o ther  area o f  s tudy.  Typical ly ,  such students have s u r v i v e d  t h e i r  
stat ist ics courses by matching problem sheet questions w i t h  archetypa l  
examples f rom tex ts  o r  lecture notes. Though  t h e y  f i n d  us ing  t h i s  tech-  
n ique is  d i f f i cu l t ,  t h e y  p r e f e r  it t o  t h e  impossible task  o f  unders tand ing t h e  
lecture material. While t h i s  method i s  usefu l  t r a i n i n g  f o r  stat ist ics examina- 
t ions it fa i ls  w i th  "real-world" problems, which r a r e l y  come suppl ied w i t h  
exact ly  t h a t  information necessary f o r  t h e i r  solution, neat ly l a i d  ou t .  

The Practical Model 

Problems requ i r i ng  t h e  use o f  s tat is t ica l  techniques ar ise in many f ie lds  o f  
s tudy .  Using t h e  pract ica l  model means aiming t o  teach stat ist ics by ad-  
dressing such problems in t h e  contexts in which t h e y  arise. A t  p resent  
t h i s  model is no t  widely used. I n  propos ing it as an alternative, t h i s  paper 
hopes t o  encourage experimentat ion i n  s tat is t ics teaching. 

Beginnings 

T h e  idea o f  a pract ica l  model is  n o t  new. C.R. Rao (1970) describes i t s  use 
w i t h  B.Stat.  students a t  t h e  Ind ian Stat is t ica l  I ns t i t u te  i n  1960. "The f i r s t  
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problem set t o  the class was how t o  anticipate the Registrar General and 
pred ic t  the  population [of India] i n  1961 i n  advance of  the census". Later, 
"students were sent t o  a maternity hospital t o  obtain information on t he  
sex o f  successive chi ldren born, du r i ng  certain periods of  the  day over a 
number o f  months." These practical exercises gave r ise t o  consideration of 
theoretical models. Rao called th is  an " interdiscipl inary approach". Statis- 
t ics teachers using the practical model wi l l  inevitably have t o  venture 
across boundaries into other disciplines. 

Rao (1974) states th is  in strong terms i n  a paper on statistics teaching a t  
t he  secondary school level: 

I n  my opinion statistics should not be taught as a separate discipline . . . We have to develop special methods of teaching, which provide 
opportunities to impart knowledge of statistical methods while guiding 
a student to think through a real problem in some discipline. Early 
experience in determining what information is relevant to solve a 
given problem, collection of data which contain the desired informa- 
tion, critical review of data and,processing of information will be of 
great value to  an individual whether he becomes a scientist or a tech- 
nologist or an executive. 

Rationale 

A student o f  statistics in a service course would f ind  such experience "of 
great  value" because he/she would 

- make mistakes, and thereby learn, i n  many more ways than are possible 
under the mathematical model, 

- see statistical techniques working i n  natural contexts, 

- collaborate regular ly wi th other students dur ing  class time and, most 
importantly, 

- be active i n  the learning process. 

Di f f icul t ies 

Various administrative and teaching arrangements f o r  a course on the  prac- 
t ical model are possible. They would all, however, cost some effort,  both 
administrative and teaching, to  set u p  and run .  

The trade-of f  between the extensive "coverage" of the mathematical model 
and the  useful experience of the practical model must be considered. 
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Strategies (in Conclusion) 

A wholesale change t o  the  pract ical model could involve abandoning t h e  
lecture-tutorial-problem sheet superstructure o f  the  mathematical model i n  
favour  o f  co-operatively taught  pract ical problem-solving sessions - b u t  it 
is hard t o  imagine such a change occurr ing suddenly. What may be pos- 
sible is incremental change through small, experimental departures f rom 
the  mathematical model. The revolut ion i n  data processing technology is  
b r i ng ing  i t s  own changes. I commend t o  you the  challenge o f  harnessing 
t h i s  technology i n  the  service o f  courses designed on the  pract ical model. 
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