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VIGILANCE AND THE 
INSPECTION PROBLEM 

A STUDY of continued alertness and its impli
cations for examining work in industry has 

been made by W. P. Colquhoun, of the Applied 
Psychology Research Unit, Medical Research Council 
(Personnel Management, 39, No. 341 ; September 
1957). 

Laboratory studies of vigilance tasks have demon
strated conclusively that the ability to detect small 
changes in a display declines considerably within 
thirty minutes of beginning a watch. Circumstances 
which have been shown to enhance the effect are the 
presence of ambient noise, high envirorunental tem
perature, and loss of sleep beforehand. Alterations 
in illumination of visual tasks do not prevent 
deterioration with time, but produce differences in 
the over-all level of efficiency. Differences in over-all 
efficiency have also been found to exist between 
individuals, and have not, so far, been accounted for. 
Individuals also vary in the extent of the time 
decrement they show, but this appears to be un
related to initial ability. The effects of isolation of 
the observer have been shown to be deleterious ; 
but, on the other hand, the presence of too many 
other people tends to distract the worker from his 
task. 

Earlier researches investigated the effects of 
changes in the externally imposed conditions under 
which the task was performed ; the importance of 
both environmental and motivational factors were 
discovered. More recently, interest has centred on 
the determinants of efficiency that are inherent in 
the work-situation. It has been shown that uneven 
spacing of the signals along the time-scale is one of 
the most important factors likely to cause loss of 
alertness during prolonged work. 

Understanding of the causes of the decline in 
efficiency of signal detection with time is by no 
means complete. It is well known that 'mental' 
fatigue, a state that arises with continued performance 
of the same task, is characterized by a fall in work 
output, a widening of subjective tolerance and an 
increased variability in both accuracy and in the 
timing of responses. In the vigilance situation, 
responses are usually of the all-or-none variety, and 
work-output a difficult concept to apply ; but a 
widening of subjective tolerances might result in an 
increased effective threshold to display changes, so 
that differences mu.st be larger before they are 
detected. 

Colquhoun reviews the extent to which these 
experimental findings are relevant to the practical 
problems of examination and checking in the factory 
itself. 

The response required of the examiner is rather 
more elaborate than it is in the laboratory ; thus 
he must either pick up the defective article and place 
it aside, sort the objects in some way, or mark the 
defective part of a large article with chalk or similar 
material. He may also be required to enter his 
observations on a work sheet. If the object is of any 
size or complexity he may have to manipulate it so 
that all parts of it are examined. 

Noise, atmospheric conditions and lighting may be 
expected to vary widely between workplaces, as do 
the actual layouts of particular jobs. Though there 
are cases where the inspection is completely machine 

paced, more often the examiner has a degree of 
control over his speed of work which allows him to 
take rests in addition to those officially sanctioned. 
If a quality bonus system is in operation it becomes 
important not only to detect faults, but also to avoid 
rejecting good items. 

Information about the efficiency of his work only 
reaches the examiner after a considerable time delay, 
either from subsequent check inspection, the occur
rence of later processing faults or from customers' 
complaints. 

The main difference in the internal structure of 
the tasks lies in the greatly increased number of 
signals, mainly 'unwanted' ones, that arrive in a 
given time. 

It is quite common for one examiner to check 
thousands of items in a day's work, in which the 
number of rejects may vary from one to hundreds. 
Although the temporal occurrence of faults is unpre
dictable, the mean interval between them may 
sometimes be only of the order of seconds, as com
pared with the minutes usual in laboratory and 
military tasks. The accuracy of the discriminations 
required, on the other hand, may be extremely fine, 
but these fine discriminations may only be necessary 
at relatively infrequent intervals, particularly if the 
defect being sought varies in magnitude over a wide 
range. These latter factors in turn affect the nature 
of the response. It may not be sufficient for the 
examiner to divide the items into 'passes' and 
'rejects'; he may be required to grade them into 
several categories, both of 'good' and 'bad', and also 
to sort them into kinds of defect. This kind of 
activity requires decision-taking and the exercise of 
judgment. 

In inspection work only signals which fall outside 
given tolerance limits are responded to. Tolerance 
limits are normally laid down in the specification of 
the particular article being examined, but in many 
cases they can be varied from time to time to match 
fluctuations in general trade, or to suit the require
ments of a particular customer. Here there is clearly 
room for a considerable degree of subjective estima
tion. It appears that the examiner's work is con
siderably more complex than is the subject's in the 
sort of task that has usually been set in experimental 
studies of vigilance. Relatively little study has in 
the past been devoted to the inspection problem 
from this point of view. 

More information is needed on the effects of 
various conditions on inspection efficiency. To this 
end a device has been constructed at the Applied 
Psychology Research Unit of the Medical Research 
Council which pres<:mts a simulated visual examina
tion task to the subject. The flexibility and com
parative simplicity of the apparatus make it suitable 
for the study of a wide range of inspection problems 
which include : 

(1) Inherent t,ask-conditions. Under this heading it 
will be possible to investigate the effects on efficiency 
of varying: (a) the frequency of faults; (b} the type 
of fault ; (c) the difficulty of the discrimination 
required ; (d) the number of objects displayed simul
taneously; (e) the number of dimensions on which 
the objects vary ; (f) the temporal structure of the 
sequence of faults ; (g) the distribution of faults of 
different kinds and degrees; (h) the 'meaningfulness' 
of the task, that is, the nature of the objects to be 
examined; (i) the number of classes into which the 
objects must be sorted ; (j) the number and nature 
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of 'additional' operations required (for example, 
'booking'). 

(2) External conditions. These include variables 
like : (a) the speed at which the task must be per
formed; (b) tho total length of the task; (c) the 
frequency of the rest-pauses; (d) the effects of 
varioUB kinds of interpolated activit,y during breaks 
on subsequent performance; (e) the degree of 
isolation of the subject ; (j) illumination, contrast, 
noise and atmospheric conditions; (g) time of day 
or night, lack of sleep; (h) knowledge of results, 
that is, awareness of performance efficiency; (i) 
amount and nature of reward, that is, incentive 
systems ; (j) presence or absence of objective 
reference standards, and their intermittent variation. 

(3) Individual variability. It is predicted that 

subjects will vary widely in their performances. It is 
hoped to relate these differences to measures of 
intelligence and personality, and to the extent of 
previous experience at similar tasks. 

It is hoped that initial experiments will disclose 
the more important conditions which can then be 
studied in more detail. The laboratory studies will 
be followed up, where possible, by actual observations 
'on the job'. Any information on the efficiency of 
inspection would have a value for industry where 
inspection processes will 1·ise as production becomes 
more automatic. 

In order to ensure that people work at their 
maximum efficiency it is essential to understand both 
the nature of the inspection process and the optimum 
conditions under which it should be carried out. 

DOSE-RATE EFFECTS IN RADIATION-INDUCED CHEMICAL 
REACTIONS 

By DR. H. C. SUTTON and FRoF. J. ROTBLAT 
Physics Department, The Medical College of St. Bartholomew's Hospital, London, E.C.f 

T HE initial stages of chemical reactions induced 
by ionizing radiations are usually assumed to be 

independent of the dose-rate. Thus, in the case of a 
simple reaction in aqueous solution, such as the 
oxidation of ferrous sulphate induced by high-energy 
radiations, the yield remains constant at the highest 
dose-rate hitherto studied', namely, 106 rads/sec. If, 
however, the radiation intensity is increased to such 
a degree that the reaction zones of clusters of radicals 
formed by neighboul'ing ionizing particles overlap, 
then the yield of the reaction should show a dose
rate de~ndence due to the increase of concentration 
of radicals. Dose-rates much higher than the above 
value can be produced in the travelling wave linear 
accelerator, in which the acceleration of electrons 
takes place in pulses of short duration. 

The 15 Me V. linear accelerator at St. Bartholomew's 
Hospital' is capable of producing beams of electrons 
in pulses l ·3 µsec. wide, and at dose-rates up to 
20,000 rads per pulse. A continuous variation of the 
dose-rate by a factor of 104 can be achieved by 
decreasing the current through the gun filament. 
Another facility provided in this machine is a variable 
repetition-rate of the pulses. 

This accelerator was employed in an experiment 
to study the variation of yields of chemical reactions 
with dose-rate. Two reactions were studied : the 
reduction of aerated solutions of eerie ammonium 
sulphate in 0·8 N sulphuric acid, and the oxidation 
of ferrous ammonium sulphate in an identical solvent. 
Possible eITors in dosimetry were avoided by passing 
the electron beam through a system of two cylindrical 
'Pyrex' vessels, joined by a common wall. The rear 
vessel, which was always filled with ferrous sulphate, 
was employed as a chemical monitor, while the near 
vessel wa,s alternatively filled with eerie and ferrous 
sulphate. In order to avoid errors associated with 
intensity variations across the beam, the diamet,er 
of the vessels was made considerably larger than the 
beam width. In consequence, the solutions were 
exposed to a range of dose-rates distributed in the 

same manner in each experiment. The dose-rate given 
in Fig. 1 is the energy-averaged value in the near 
vessel, during each pulse. The dose-rate at any point 
did not exceed twice this value, and more than 85 per 
cent of the total energy was delivered at dose-rates 
greater than 40 per cent of the average value. A 
dose of not more than 30,000 rads over the irradiated 
volume was delivered at a time. The number of 
pulses needed to give this dose varied from l to 104 

depending on the dose-rate. When larger total doses 
were required the solutions were stirred between 
exposures. At each dose-rate the ratio of the yields 
of the iron and cerium reactions, GFe/GCe, was 
determined. The results are shown in Fig. 1, from 
which it is seen that this ratio decreases steadily, 
starting from a dose-rate of about 107 rads/sec. 

We attribute this effect to an increase in radical 
concentration with increasing dose-rate resulting 
from the overlapping of the reaction zones of radical 
clusters. The following evidence supports this 
interpretation. 
GF• 
GCe 

6 

4 

10" 10• 10 8 10' 10' 
Dose-rate (rads/sec.) 

Fig. J. The effect of dose-rate on GF•/GCe. Solutions were 
irrndiated in vessels: 2 cm. diameter, •; 5 cm. diameter, O: 

and 1 cm. width in a uniform radiation field, .t. 
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