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A number of factors are involved in the planning, execution and evaluation 

of epidemiological investigations. In this paper, however, we shall restrict our

selves to certain special questions, i.e. medica-- sociological problems to do with 

the collection and evaluation of subjective symptoms, and to discussion of certain 

statistical aspects in planning investigations and interpreting their results. 

The principal reason for our having taken up the medica--sociological problems 

is that the lack of a uniform and clearly defined methodology in ~~e evaluation of 

subjective symptoms in connexion vlith group investigations is a matter that has 

not received much attention hitherto. The statistical questions discussed here 

are intended to illustrate the more essential . though perhaps less apparent · 

problems which continually arise in the comparison of exposed groups and control 

groups; particularly when showing that differences respecting certain symptoms .. 

subjective or objective .. do not exist. 

If we accept that subjective symptoms are relevant factors in determining 

MAC values, then we must base our determinations upon data that is obtainable 

only through questionnaires. The only means by which we can derive information 

on an individual's subjective symptoms and experience of unpleasantness is ~~rough 

information supplied by the individual himself. 

In investigations with objective data, tl~e method of measurement is practical-· 

ly always described. In the case of epidemiological studies with subjective symp-

toms, on the other hand, the questioning apparatus is almost never reported. And 

yet there is a large variety of questioning methods v1hich, under different condi

tions, do not give equally reliable results. Method reports in the studies in 

qtLst:Lon- like all method reports . should enable tl1ose who read them to drmiT con

clusions as to their reliability and comparability with results from other investi

gations. 
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Below we shall review some of the possible sources of error in survey in

vestigations. In principle these errors can be attributed either to those who 

record the results, i.e. the interviewers - often doctors - or to the subjects 

being studied, i.e. the individuals interviewed, or to the measuring instrument, 

i.e. the questionnaire. 

The interviewer effect means that the interviewer, either through influenc

ing the subject or through a false interpretation of the subject's answer~ does 

not register the response quite correctly. The reason for a false interpreta

tion in epidemiological studies is probably as a rule what is known as the anti

cipatory effect: the interviewer has a preconceived idea of the subject's answer 

and in the event ofthe actual answer being not entirely clear he interprets it 

in accordance with his own preconception. 

As an example~ we can take an investigation of the relationship between the 

presence of carbon monoxide at a certain concentration and the frequency of a 

headache symptom. To establish whether headache frequency is greater in the 

group exposed to carbon monoxide~ interviews are carried out with selected persons 

from this group and selected persons who have not been exposed to carbon monoxide. 

Replies to a question as to whether the individual suffers from headaches may 

often be ambiguous. An interviewer, who expects a carbon· monoxide-exposed group 

to have an exceptionally high headache frequency, is much more likely to inte~ret 

these ambiguous replies as indicating "suffers from headaches" than is an inter

viewer who does not have this preconceived idea. 

A means of reducing or at least controlling this effect is to use several 

interviewers and to divide the subjects at random among them. We used this 

method in a health-sociological field survey. Fig. 1 shows that the proportion of 

subjects who, when directly questioned by different interviewers~ replied that 

they had asthma and/or bronchitis, varied between 10% and 34%. The differences 

between the interviewers' results are significant at the 5% level. 

The risk of interviewer effect is allied among other things to the inter

viewer's training for and experience of investigation work. Thus for the type 

of investigations in question, the interviewers should be well briefed and their 

attention drawn to the risk of such things as anticipatory effect. Furthermore, 

test interviews should be used to get an idea of their ability to register the 

responses accurately. 
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Fig. 1 

Comparison between inter'Ticwers as regards occurrence of the symptoms 
asthma and/or bronchitis (per cent) in the interviewed persons 

Interviewer No. 
Number of persons I Asthma and/or 

' 
interviewed l bronchitis (per cent) 

I 
1 60 I 17 
2 63 24 
3 60 22 
4 5C. 10 
5 49 12 
6 47 23 
7 58 

I 
26 

8 1~9 12 
9 41 16 

10 59 17 
11 53 17 
12 64 f 34 
13 57 12 
14 54 

I 
15 

i 

Respondent effect, which as a rule probably manifests itself in too high 

symptom frequencies, is the result of a conscious sub-conscious desire on the 

part of the subject to bring about a change in the exposure conditions. In a 

survey-investigation into nuisance in the form of air pollution from a shale

oil plant, we interviewed two equivalent groups. The only difference between 

these two groups was that the first was not informed of the purpose of the in

vestigation while the second was. As is shown in fig. 2, the symptom frequency 

was higher in the second group. The principal reason for this was probably that 

this group wanted to bring about a change in the air pollution conditions, and 

also that they harboured a negative attitude towards the industry as such. 

Fig. 2 

Relative frequency (per cent) of individuals with 
c0rtnin symptoms among "not informed "and "informed" 

Symptoms Not informed Informed 

smell noticed 52 69 
distressed by smell 13 20 
asthma and/or bronchitis 11 20 
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The chief measures whiclJ should be tnl<:en to decrease the risk of respon

dent effect include the selection of a suitable introduction for the investi-

gation and the use of questions which arc as concret(:: as possible. Thus th8 

subject should be given a neutral explanation of the purpose of the investi

gation and special questions rather than general evaluation questions should 

be posed. 

For example; it is wrong to ask an individual if h~~enerally inconvenien

ced by the stimulus; instead he should - without direct reference to the ex-· 

posure conditions - be questioned C·)ncerning the presence of special symptoms. 

Instrument effect is not related solely to the type of questionnaire used 

but possibly chiefly to the wording of the actual questions. There are nume

rous examples of unsatisfactorJ questioning that have produced misleading re

sults. Take for example the "leading questions" - i.e. questions where the 

wording does not give the various possible answers an equal chance - or "con

ditioned questions" - i.e. que:stions which imply a certain condition in the 

individual being questioned. The following is a typical example of a leading 

question: "n-n 1t th' k th t h d h · ' d th t 't ff t ~ you 2n a your ea ac c lS so oa a l a cc s 
your work?" 

The wording here makes it easier fo~ a hesi~~nt subject to give a positive 

rather than a negative answer. The question suggests; in fact, that the most 

natural reply is that tl<e hea&~che is so bad tl1at it affects the subject's work. 

The following is a typical example of a conditioned question: 

"Do you regularly suffer from headaches more often during 
the winter half of the year than the summer half?" 

Here it is tacitly assumed that the subject regularly suffers from headaches; 

consequently a number of subjects to whom the question is not relevant are 

provoked into answering, and the validity of the results is tl1us diminished. 

Instrument effect is the type of error most difficult to avoid. The chief 

measures for reducing the risk of error here include a previous test of several 

alternative questionnaires and also a structural pla~~ing of the questionnaires 

so that the questions are accompanied by a number of alternative answers from 

which the respondent has to select one. 
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The requirements laid down for a report on measurement methods in studies 

of subjective symptoms should, of course, be just as strict as those laid down 

for similar reports in other scientific work, such as laboratory experiments. 

This means that the entire questionnaire should be reproduced, unless; of 

course, it is of a familiar standard type. Furthermore a report should be 

given on the measurement conditions, including the competence of the inter

viewers, characteristics of the investigation situation etc. A complete 

method description should also include a report on the tests made for errors 

and the results of those tests. Not until a complete report of the measure

ment method, as outlined above, has been submitted can those who study the 

reports on subjective symptom investigations form a well-founded opinion as 

to the reliability of the results. 

In order to obtain objective accounts of subjective symptoms we therefore 

propose that the following points be borne in mind during the investigations 

themselves: 

1. Special training for the interviewers for each individual investigation 
in order to avoid anticipatory effects. 

2. Random distribution of the subjects among the interviewers to check 
any possible interviewer effect. 

3. Possible camouflaging of the actual purpose of the investigation so 
that a neutral attitude is preserved on the part of the subjects. 

4. Camouflaging of the particular purposes behind the question so as to 
avoid expressions which couple stimulus and response. 

5. The use of questionnaires with advanced structure and questions with 
fixed alternative answers in order to obtain comparable data. 

6. Previous testing of alternative questionnaire in order to avoid lead
ing, conditioned or vague questions. 

7. Reports on the interview technique used in order to make possible a 
reliable evaluation of the results. 

We have dealt above with a number of factors which affect the validity of 

measurements of individual responses and have likewise presented a number of 

proposals aimed at making the measurement methods objective. Let us assume 

that we have succeeded in surmounting these problems and that our results give 

a true account of the individuals' responses. There remains the question of 

evaluating the results and this is where statistical methodology comes into 

the picture. 
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As We know, the statistical method is based upon an inductive founlli>tion 

and it is thus possible, by taking samples at random, to reach certain conclu

sions about the population as a whole. An absolute condition for this is that 

the samples arc chosen completely nt random nnd from the right population. It 

is worth ~'lhile to emphasize this forcibly, since there are cases of statistical 

methods being used in connexion with non-probability samplingJ for example} 

quota sampling or expert sampling. But even in those cases where random samples 

have been taken, one must check whether or not the population from which the 

random samples were taken really is the same as the population to be studied, 

i.e. the'~rget population". For instance, employees in certain professions may 

constitute a biased selection as far as their sensitivity to the stimulus is 

concerned. Thus, if 25% of a normal population is clearly more sensitive to 

trichlorethylene than the remaining 75% it is only natural that the former would 

give up this type of work, with the result that employees in this field would no 

longer be representative of the normal population. As a result the exposure 

risk would be underestimated and the MAC value set too high. A natural process 

of selection such as this probably occurs in numerous professions and might well 

occur also among people exposed to air pollutants. 

The evaluation of the frequency of injury within a group of exposed persons 

almost.always requires a comparison with a group which has not been exposed. This 

is particularly important in the case of subjective symptoms, for which there 

are often no "normal values" of the type available, for instance,in blood tests. 

The normal group must, of coursej satisfy the same requirements respecting ran

dom sampling and population determination. Here particular care should be taken 

to avoid turning normal material into excessivly healthy material through exag

gerated selection which eliminates individuals with certain ailments. Further

more, the best possible agreement should be sought respecting the frequency of 

demographic and sociological background variables. 

We shall assume in the following that we have two random samples at our dis

posal and that without bias these represent an exposed and a non-exposed popula

tion, and that there is a difference in the expected direction between the two 

sample means. Since these are sample means, we know that each mean has a certain 

margin of error and that the difference likewise contains a margin of error. On 

the basis of this information is is certainly not possible to decide definitely 
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whether the difference; between the sample moans re floc ts ::;. ~~cnuin,' diffr:renco 

b8t\'reen the means for the populations. With the aid of statistical methods; 

however-' we can produce a statement wbic~1 has 2 cc_rtain prob'lbility of be:ing 

correct. The probability level, or sic;nificr~ncc l~vel, can be; specified in 

advance and must; of course) be adjusted with reference to the consc"l_uenccs 

which a false statemc::nt can have:. It should be notc;d t ... "J.at in this approach; 

only two alternative statements can be made, i.e. that a diffcr"'nce exists be-

tween the population means or tho.t a difference does not cxl:-.>t. VJhichevcr 

statement we choose, as a result of th::o statistical analysi.s, there is a chance 

that it is correct or tr,at j_t is fals,-_. Fig. 5 illustrates this situation. 

Fig. 3 

The relationship between error of type ;X_ and type ;!J 
-

Statement based on means True difference between populations 
of the random samples Exists Does not exist 

Difference between means 
Correct False type!!)( of the populations 

No difference between 
False typep Correct 

means of the populations 

In most research, good guarantees are required that errors of type (){_ 

have not been included, i.e. that a difference 11 effect11 is not said to be pre

sent when in fact no such difference exists. This means that the difference 

must be considerable before it can be accepted as being statistically significant. 

In problems r<::lating to MAC values_, however, the situation is often rever

sed. This can result in serious consequences for the individual if in the eva

luation of a difference between exposed and non-exposed subjects an error of 

type~ is committed, i.e. if it is claimed that the frequency of an injury is 

not above average when in fact it is. It seems that this type of error is sel

dom considered in investigations of this type. Most often one is content to 

determine whether there is any difference between the two materials or not; if 

no significant difference can be established it is felt in many cases that it 

is sufficient justification - at least by implication 

there is in fact no difference. 

for concluding that 
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A hypothetical case p[·ovidos a simple illustration. \-Jc; will assume that 

in an investigation of the concentration of a certain substance in the blood~ it 

has been established that the mc:an concentration for a large normal material is 

40 mg% with an individual standard deviation of 5 mg%. We have further investi

gated a random sampl0 of, say, 25 ezposcd employees and found a certain mean 

concentration. The question is whether or not thJs mt;an differs from that of 

the normal material. In orde:r to decide this we calculate tlk normal sampling 

distribution of tl'lc means from random samples of this size. This sampling dis-

tribution gives a mean of 40 vd th a range of 5/ ../25 l (fiG. 4). 

In this distribution we mark the critical value~ 1vhich determines whether 

or not the mean for the random sample is to be regarded as differing from that 

for the normal population. At the 596 significance leval this limit lies at 

about 41.6 mg%. Should the mean for the random samplo be greater than 41.6 mg% 9 

i.e. lie to the right of the critical value~ we can then conclude that the popu

lation of exposed employees has a higher mean than thE:: normal population, i.e. 

that exposure really does have an effect on the concentration in question. This 

conclusion involves a possible error of 5%. 

On the other hand, should the mean for the random sample lie to the left of 

the critical value, for instance at 41 mg%~ another conclusion would be reached. 

Correctly phrased1 this would say that no effect of E::xposure has been demonstra

ted. It should be emphasized, howevc;r, that this latter conclusion does not 

rule out all possibility of an effect, but merely states that the investigation 

in question does not provide evidence of one. It is nevertheless possible to 

make this negative statement more precise. There is probably some 1imit to the 

size of the effect. Consider,for example; figure 5. 

It is extremely improbable that the 25 subjects exposed belong to popula

tions with m12ans of 1~8, 47 and 46 mg%_, since all these populations approached 

zero level already at 4)-lJ4 mg%. But should not a population mean of 42 mg%_, 

for example_, be compatible with the observed value at 41 mg%_, or with a number 

of values below the critical level of 41.6 mg%? Let us take a look at the 

two sampling distributions in fig.6 

It immediately becomes apparent that a population mean of 42 mg% can give 

a series of random sample means to the left of the critical zone for the normal 
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population. Statistical tllCc,ry holds in fact that n~, less than J6% of all ran

dom sample means from 2. population \'li th a mean cjf 42 will fe.ll to the left of 

the critical valu~ r.Jf 41.6 mg% and thus lead to acceptance c,f a hypothesis that 

the sample belongs to the nortrk1.l population. 

Let us eonsidcr the consequences of this for a moment. We will assume that 

from the medical point of view it is serious if the concentration in the blood 

of the exposed subjects increases by an average of 2 r.-Jg% 2 i.e. if the true mean 

for the exposed group rose to 42 mg%. In such 3. case a 36% r.L.sl: of an error of 

typr· /i would be u.ltogcther tC>o great. 
• I 

It is thus extremely important to specify the possible; error in those cases 

where no diffen:nce can be shown. The result shown above is clearly not satis-

factory. The cnly way of achieving greater certainty is to increase the number 

of observations in the exposed group. It is possible to calculate mathematically 

the number of observations needed to givet9 reasonable proportions. Fig. 7 

shows how ;!decreases as the number of observations increases. This diagram has 

been worked out in direct connexion with the present example. 

We see ~1.t there is a;9~rror of about lo% for a random sample of about 

50 subjects and that this is reduced to about 5% if the sample is extended to 

include about 75 subjects. Had the investigation been limited to 15 subjects or 

less theJS'-error would have been greater than 50%, in other words a difference 

of 2 mg% would most probably have been overlooked •• 

From what has been stated above it is clear that in the planning of an 

epidemiological investigation of the effects of a certain stimulus, one must 

first establish what order of magnitude of the expected response is medically 

significant and then, by determining the number of observations required, obtain 

a guarantee - with a certain specified probable error - that these effects will 

be discovered. Since these investigations are concerned with limiting values -

and not with the effects of self-evident over-dosage - the dosage effects con

cerned are always very small. There is little difficulty in reaching conclusions 

in cases where it has been possible to establish clearly significant and medical

ly relevant differences between exposed and non-exposed groups, but on the other 

hand the doses in these cases obviously exceed the MAC which is to be determined. 

In our opinion there are few fields where it is so important to calculate the 

/3 error as in the estimation of MAC values. 


