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1. Introduction

Inthisarticle | will describe some persond reflections and experiences from courses given a
the univeraty aswell asin theindustry. Thus, | will not comment or give reviews on other
articlesin thisarea. The experiences | have obtained come from courses held for sudentsin
medicine, science and technology and for people in the industry. For severa years | have
worked in the pharmaceutica industry. A greet ded of my working time consisted of
collaboration with researchers from pre-dinicad and pharmaceuticad departments aswell as
giving courses in datistics within the company. These years have given me many ussful
experiences and ingghtsin problems, applications and needs of the practicians. Some ideasin
thisarticle are d o the results from a pedagogica project with the purpose of making the
Setigtical education of engineers more interesting and applied.

2. Aimsand goals

Some fundamenta aims of a course for non-statisticians are to increase the consciousness about
datistics and to attain improved understanding for variation and how to ded with it. Besides
motivating the usefulness of gatidics, it isdso important to bring knowledge in fundamenta
concepts, ideas and statistical methods.

Some concrete goals could be to gve the sudents ability of the following types:
Recognise typicad problems and formulate them in Satistical terms.
Apply suitable modds.
Apply some gatigtical tools in form of standard anayses.
Draw correct conclusions from the satistica results.
Describe the results in aclear way referring to the presentation of the problem.
Be encouraged to use datigtica thinking and philasophy.

After atending a course, the participants must be able to solve smple problems on their own.
Instead of caculating mean values and standard deviations and then only compare means
(which unfortunately is quite common), they should be able to do a proper satistical andysis
and take decisions on the basis of the results. The contents of a course should bring to them the
possibility to draw conclusions and, where appropriate, to generdise with aknown risk of error.
Thus, they should learn to dedl with the experimenta error and understand and control &t least
the Typel error.

In addition to the fundamenta parts, it is aso vauable to be able to recognise certain types of
more difficult problems, to be trained to think in models and to be introduced to Satistical
programs. Let planning be natural. It is an undervaued part of Satisticsand isat least as
important as other phases of the satistica work.
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In industry, a course gives a va uable opportunity to establish contacts between statisticians and
the course participants, that is, professonadsin other disciplines.

3. Problems and difficulties

Satidicsis asubject, that even most datisticians find difficult! In a short course, it is not easy

to have time for al the agpects that are needed to be able to use Satisticsin red life. Red world
gpplications often involve quite complex dtuations. We can not overlook the crude redlity; it is
much more complicated than any mode. In the academic world, it is possible to firgt find the
theory and afterwards search for gpplications to the results. From a practician’ s point of view,
one hasto gart from the other end of the line and focus on the problem. However, it is not
aways easy to find satistical solutionsto their problems, where practical restrictions put an end
to many congructive idess.

Often, | have met students with other main subjects than statistics having different backgrounds,
knowledge and training. It is difficult to overcome and adjust for thisin the short time a course
ishold. On the other hand, trying to seek sympathy from the student by ssimplifying everything

is dangerous. If the problems are not recognisable, the confidence for statistics will be damaged.
Ancther problem islack of timeto give thelogica structure and the right feding for this
complex subject.

Thereisawel-known problem that students do not always put knowledge obtained from
courses into practice. They seldom recognise the Situations when statistics would offer anatura
tool even though the need is great. One of the reasons for thisis that we often underestimate the
need of that type of training.

In the exercises of most textbooks, the design, sampling method and model are usualy dready
given. The remaining task is then to pick amethod, do the caculations and to interpret the
results. Then, agreat part of the problem is dready solved in advance.

4. Lineof action, some suggestions

It isnot easy in ashort course to provide enough knowledge and skill to be able to use agood
design, choose a proper model and method and draw correct conclusions from the results. After
working in the industry, | have noted some successful features. Some steps to approach the
problemsin order to meet the aims could be the following.

Tailor-made courses

A great advantage isto use materid adjusted for the sudents and developed in co-operation
with persons responsible for the education. These ones must give information about the
knowledge and experiences the students possess at the time for the course. One should aim a
using as much as possible in the framework of such gpplicationsthat are well known to the
students. The best isto use tailor-made courses, where the students recognise the applications
and the participants from industry their own daily work and problems. New terminology must
be held to aminimum, not in the descriptions of the applications, merely connected to the
datistics. A lot of questions concerning dose effect, plasma concentrations, determination of
hdlf-life, in-vitro screening methods and suchlike may be used. They can in anatural way
illugtrate descriptive Satigtics, didtributions, inference, experimental design etc. Such courses
need alot of resources and take along time to develop. Naturdly, it includes collaboration with
other disciplines, which also may be hard (but o interesting and indructive) for a person
specidised in gatistics only. Typicd problems and Situationsin a possible future profession, at
least taken from relevant articles, may serve to recognise the need of datistica toolsto solve
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these problems. Of course, the best way to create motivation is, if it is possible, to use examples
and gpplications from the sudents  everyday life.

Practice

During my timein the industry, | had the opportunity to let the participants practice a once or
very soon after that new theory and concepts was introduced. This was received with gpproval
of the participants. Together with the interactive training, some satigticad software can be
introduced, though thisis not easilly done in large classes. However, often there are computers
with some datistica software available and exercises as homework could at least be given. This
should be followed up with discussions and interpretations of the results.

Laboratory experiment

It should be avoided to give answers before the students are conscious of and have formulated
the quedtion. It is not easy to redise al obstacles and difficulties an experiment might offer only
from reading in books. For future needs, it is quite ingructive and important to distinguish
between an exercise in atextbook and a problem from redlity, where nothing isgiveniin
advance. With an own experiment, no matter how smple and “home-made” it may be, the
students are activated. Also, they can try al phasesin an experimental process, such asto
formulate the problem, plan, choose agood design, pick variables easy to measure and
reflecting the problem, consider sampling, models and methods, perform, analyse, draw
conclusions and report. This may give them adeeper understanding and experiences and
encourage their own gatistical line of thoughts. After the experiences from some own work,
guestions and communication come more naturd. Also, there is a natura opportunity to
emphasise the importance of planning. An incorrect analys's can be re-anaysed whereas an
incorrect or messy design inevitably brings problems.

In general

Nowadays there are alot of datistical packages widdly spread in industry from which large
amounts of results are produced. But how are these treated? It isimportant to instruct the
students to be cautious in the use of statistics and emphasisethat it isaserious error to use an
incorrect method. Inviolable results require appropriate models and correct methods. The world
isfull of p-vaues and gtars, but it isimportant to be able to distinguish between datistical ad
practica sgnificance. It isagood chance to motivate the advantage of estimation to p-vaues.
Also, in the computer age it is gppropriate to point out the problem of multiplicity.

5. Some final comments

Courses a the university meet the difficulty that it is not obvious what the sudents will do after
the education. They might not have made their choice of professon at that time, but if so, they
seldom have the professiond experience yet and therefore they may have difficultiesto
recognise typical stuations. Thus, thereisthe dilemmathat statistics is needed early to be able
to recognise applications during the education. At the same time, satisticsis needed later for
use in relevant gpplications and examples of earlier courses. A solution to thisdilemmaina
long education could be to have a short introductory and applied course early, which would help
and enable the student to interpret information in a statistical way, for example from articles.
Late in the education, a more substantial course would suite, giving knowledge to enable the
Student to use statigtics in their own research. Meantime, the contents from the first course have
had some time to mature.

It isworth aming at a suitable mixture of practica gpplications and mgor theoretica resultsto
avoid reducing a course to merely adatistica manua with avery redtricted ingght into the
subject. Thus, one should not yield to the temptation of entirdly avoiding mathematics.
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Findly, a coursein satistics may be used not only to teach alot of methods. It isagood
opportunity to bring out Satigtica thinking, give afeding for the subject and the advantages of
using it. It could be a posshility to give good publicity for the subject and show the benefits and
values of gatistics.

SUMMARY

Giving ashort course for non-gatigiciansis achdlenge. Students, who are likely to have
different previous training in mathematics and datistics, shdl together learn Satistical concepts,
theory and techniques. At the sametime, it is an opportunity to give the students a congtructive
attitude to the subject.

Some examples of successful features in a course could be to use materia adjusted to the
students. Taylor-made courses require alot of preparation, but usudly the students receive them
positively. It is aso an advantage to practice very soon after new theory has been introduced,
preferably with computers and in smadl groups. Also, let the students themsdves experience
some parts of gatistics by home-made and practica experimentsingtead of leaving them with
passive lectures and book-studies. Follow-up discussions are usudly very fruitful and
congructive, Snce the students by that time are motivated and more conscious about the
problems.



