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1. Summary

The following report is an account of studies of the reaction capa-
city of sleepers in relation to the length and depth of their sleep.
The measurements s.re carried out in rooms in the Federal
Air Raid School at Waldbroel during the period from 1.1561 to

11.8.61.'A total of 617 test subjects - students at the school -
were tested on 98 test days. The waking signal used was the howling
sound of an air raid siren. When the results were evaluated, the
hearing capacities of the test subjects were taken into account by

i

means of audiometric measurements.

Since the effects of waking signals on the sleeper are felt least

during the period of deep sleep, the main focus was on this period
of time when evaluating the results. For this period of the least

sensitivity to stimulus, experiments yielded a waking quota of 60%
at a waking signal loudness in the sleeping areas of 60 dB; i.e.

with the house walls muffling an average of 10-15 dB of sound,

the waking signal has to have a loudness of at least 70-75 dB out-
side the building, in order for a sound level of 60 dB to be reached
in the sleeping areas, thus achieving a waking quota of 60%.
A decrease in the loudness of the waking signal of 5 dB caused an

average decrease in the waking quota of 7%.
In addition, an attempt was also made to show that the length of
the air raid siren signal used as a warning does not need to ex-

ceed 60 seconds even for the period of deep sleep.

.
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3. Objectives and limits of the study

Research into the depth of human sleep was first begun in the

second half of the last century [1, 2]. These studies were

carried'out using all kinds of waking stimuli (sound, light, touch,
heating and cooling, electrical stimulus, etc.). Generally, the

result was found to be a curve, the so-called sleep depth curve.

The parameters of this curve were the length of the period of
sleep and the degree of the waking stimuli. The increasing dis-

crepancy in results that came about with the growing number of
studies could be explained by the difficulty of comparing these
stimuli and by the psychological effects of the stimuli on the
sleepers. Thus, we could not simply use the results of earlier

studies, but the reactions to the waking signal used for our tests
had to be determined. In order to obtain generally applicable

results, it seemed a good idea to carry out the tests on several
test subjects at the same time and to determine the sleep depths
and dispositions of the sleepers only by changes in intensity and

,

not by means of varying the waking stimuli. It was decided against

changing the waking signal, since the object was to study the
effects of air raid siren signals on sleepers of different disposi-
tions and sleep depths, i.e., the individual significance of this

specific waking stimulus, and thus the susceptibility of sleeping
persons to such signals. Since the levels obtained determine
directly the sound level that must prevail outside the building, con-
clusions can in turn be drawn from this as to the number and form
(text missing] . . .

/64. Descriptlon of the measurement system

In order to obtain supporting information about how strong the
waking signals from conventional air raid sirens needed to be for
sleepers with different depths of sleep and dispositions, it was
necessary to find suitable ways of providing the test subjects
with air raid signals of a certain loudness at selected pre-
determinable times of the night. The reaction of the subjects to

5
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these signals was to be observed by means of a light signal system
activated by the test participants themselves. The measurement

system required for these studies was installed in the Federal

School of the Federal Air Protection Association in Waldbroel
where elasses and courses take place at regular intervals. Since

these courses lasted on average one week and after this period of

time the participants changed, the possibility of the total test

result being influenced by the peculiarities and habits of the

individual test subjects was excluded entirely.

The measurement system for providing the air raid signal and at

the same time recording the waking reactions was divided into two

main parts:

a) the sound production system and b) the reporting system. Figure

1 shows the plan of the entire system.

,
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a) Sound production system.
thisThe waking signal chosen was the scream of an air raid siren;

waking signal was played by a tape recorder (Telefunken M 24).
The length of the signal could be varied by a timer progressively

I

fran 4x10 sec. to a maximum of 4x70 sec. = approximately 5 minutes.
The outlet of the amplifier led via an indicator device (control
(illegible) for determining the exact sound level) to the inlets
of five muffling elements. These muffling elements were arranged
in such a way that when the first element was switched on there
was a sound level in the room of 60 dB. The other loudness regula-

tors were graduated at intervals of 5 dB below one another so that
the following sound levels [ illegible and text missing]...

1 . D Esy:. h go g. 1 c3 : 60 (3~

2. : 55 43"

3 : 50 f 3a

4. : 45 dB"

a : 40 dB
5..

[daempfungsglied = muffling element]

b) Reporting system.

The recording program for a maximum of 24 persons was carried out
automatically with the aid of a signal panel. Upon becoming aware

of a signal, the test subject activated a switch that released a
relay on the signal panel and thus caused a number to light up;
in this way a number was assigned to each test subject on the panel.
The signal panel contained four rows of numbers so that all 24
numbers were repeated (illegible) times, corresponding to the
(illegible) partial periods of equal length (Figure 2) into which
the whole waking period was divided; only during the time period
of the first three partial periods was the waking signal given in
the sleeping areas, i.e., if, for example, the switch clock was set
at lx30 sec. = 2 min. vaking period, then the signal was broadcast

7
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by the loudspeaker only for a period of 3x30 sec. = 1.5 min. In /9
this way, those sleepers could also be determined whose suscept -
ibility and reaction times were greater than the waking period of
the first three partial periods of the waking signal; thus the
reactions of the sleepers to this waking signal could still be
recorded during the fourth period of a time span that corresponded
to 30% of the effective waking period.

1. Partial per. 2, partial.per, 3.. partial per. 4. partial perired ;

1.Teilper. 2.Teilper. 3.Teilper. 4.Teilper. |
'~~

,,

1

1

/k- _

*

Dauer des Signals duration of the signal
..

\ /
- V

iZeitdauer z'ur Registri*erung des Signals .

!
'

duration of time for registering the signal'
.

Figure 2

;

1

)
.

I

l

;

i
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5. Carryin6 out the measurements /10

The warning system was put into operation according to a program

worked out by the Phonetic Institute; pages [ill.] show the pro-

grams worked out during the testing period for setting the signal

system. Then the data from the signal panel were transferred to

en appropriate diagram (an example of one of these diagrams is shown

on page 62 [ German text].

a) Participants

The test subjects were people taking courses at the Federal Air Raid

Protection School in Waldbroel. Since the ages of the participants

ranged from 16 to 70, and the participants came from the most

varied professions and sociological backgrounds, the results obtai-

ned over a long period of time can be considered representative

.of a large section of the male population.

b) Waking signal -

The types of waking stimuli were already determined by the objec-

tive of the studies. In-selecting the signal it was very important

for the psychological effect of the waking signal

to imitate as closely as possible the natural frequency of air raid

siren signals. For this purpose, the howling sound of a 5 KW air

raid siren was recorded on tape used to make a test tape that could

be used in the [ill.] test system. Fig. 3 shows the results of a

frequency analysis of one of these siren signals .

Since these tests were carried out with a maximum loudness of [ill.] /11

dB and a minimum loudness of 40 dB, the sound study is largely li-
,

mited to a frequency range of [ill.] Hz.

1 Measured via quinten filter (dist ance of 30 m .from the siren)
on 7.10.58 in Butzbach/Hessen.
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Fig. 3

c) Audiometry

Since the participants in these studies represented a cross-section
of almost all age groups and professions, it was necessary to make

a generally applicable determination of the reaction capacities
of the participants, i.e. to determine their hearing capacities.

Essentially three subjective methods of measuring the hearing capa- /12

city can be differentiated:

10
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evaluative measurements comparative measurements and mea- /12,,

sureme n t s of threshold curves [3]. Since in the case of waking sti-
as described nor of compa-question of evaluationsmuli it is not a

risons of two sounds, the hearing capacities were tested using the
last method [4], by determining the hearing threshold curve [5,6].
In this method, the observer determines, depending on the frequency,
at which time the .neasurement tone is no longer discernible, or becomesI

discernible again.

Normal hearing within the frequency range being used for measure-
ment was important for these studies, i.e. anomalies between 200
and 2000 Hz had to be taken into account in the evaluation and pos-

sibly eliminated. On the other hand, the decrease in the upper
hearing range, i.e. normal hearing loss associated with age, did

not need to be taken into account at all, as even at an advanced

frequency of 3000 Hz. [7].age hearing loss does not go below a

Hearing losses resulting from working conditions or other circum-

stances also did not need to be taken into account, as long as

they did not fall within the frequency range of 200-2000 Hz. Fi-
7 show the average normal hearing ranges of four agegures 4 -

groups.

1)In the case of evaluative measureme n t s , the observer. asks the

subject to rank a tone, for example, " half as loud" or "twice as
loud" as another tone.

2)In the case of comparative measurements, the loudness of an
unknown sound is compared to one that is known.

11
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6. Results of the measurements /15

The sleeping period was set from 0 - 5 o' clock; 60 minutes were

divided into 4 mesaurement periods, so that the sleeping period

from 0 - 5 o' clock was divided into 21 possible waking times.

In order,to cover all the possible waking patterns, given 21
possible waking times and 5 degrees of loudness, 105 individual

measurements were necessary (the degrees of loudness ranged from

40 - 60 dB in 5 dB steps). Since one course at the Federal Air Pro-

tection School generally lasted one week, after subtracting the

days of arrival and departure there remained only 4 measurement

days at the most in one week, or rather 4 nights. The results were

obtained during the period from 1.15.61 to 11.8.61. Measurements

were taken on 98 days and 617 test subjects were tested, the average

age of the participants being 43.88 years.

The most important results were obtained in two parts:

a) Determination of the reaction capacity

The depth of sleep and thus the reaction capacity of the test sub-

jects was measured in relation to the duration of the waking sti-

mulus and its loudness. When determining the duration of the sig-

nal, an effort was made to reach an optimum between the reaction

time and the sensitivity to irritation i.e. the duration of the,

signal was to be measured in such a way that the perception time

could not be too short nor yet too long so that the waking signal

would be considered a disturbance or an annoyance. A waking sig-

nal duration of 45 sec., or a time period of 1 minute for recor-

ding the signal, appeared to us to be optimal in this respect.

The division of the degrees of loudness into five graduations of /16
l5 dB each had the following effect on the waking quota .

1)By waking quota is understood the sum of the waking figures

measured during the partial periods: Figures 11,13,15,17,19,21- .

30 give the waking figures, while Figs. 12,14,16,18,20 and 31 show

the waking quotas.

16
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The waking quotas were calculated per loudness gradation from the
sum of.the waking figures without any consideration of the time '

|of night. For the five loudness gradations the following pattern
emerged:

-

79%Phase 1-(60 dB) : waking quota =

I
72%}hase 2 (55 dB) : waking quota =

waking quota = 66%Phase 3 (50 dB) :
59%Phase 4 (45 dB) : waking quota =

Phase 5 (40 dB) : waking quota = 52%

wkthEvaluation of these data would give the following pictures
a decrease in sound level of 5 dB, the waking quota was reduced
by about 7%.
Since,_however, no calculation of the time entered into the waking
quotas given above, and the values for the different [111.3
represent average values, accordingly the calculated percentage

reduction in waking quotas of 7% should be considered a guiding
value. Therefore, for certain times of the night there are devia-
tions frer this value that are greater, the deeper the sleep at j

that point in time.

In general, human sleep can be divided into three phases (Fig. 8):

a) the time of so-called deep sleep, b) a transition zone that /17

leads from deep sleep to c)-the zone of shallow sleep. This
chronological sleep curve pattern can be detected in the waking

of loudness., as is shown by Fig.quotas measured for all degrees
9. It can be seen here that, regardless of the degree of loudness,
the deepest sleep was found between 0.00 and 1.15 a.m. , i.e. the

sensitivity of the sleeper is lowest during this period. This ob-
servation is verified by sleep curves given in the literature (Fig.
10), from which it can be seen that so-called deep sleep is reac-
hed during the first 1 - 2 hours of sleep (1].

1) Based on this observation, the period of deep sleep was found
-

to be between 0.00 and 1.15 a.m. Obviously this time period is only
>

valid for this series of tests,

t

17
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The amount of sleep can be found from the product of the length

cnd depth of sleep. At a given duration of sleep, the depth of sleep

is greater, the greater the need for revival. Since the greatest /18
cleep depth occurs during the period of deep sleep, i.e. between

0.00 and 1.15 a.m., the main focus should be on this time period

for the acoustical and chronological dimensioning of the waking

stimuli. The studies showed that for the period of deep sleep and

using a loudness of 60 dB and a waking duration of 45 sec., on av-

orage 60% of the test subjects were awakened [ill.]

at 40 dB this figure drops to about 35%. It would be natural to

draw the conclusion that increasing the waking duration to, for

example, 2 or 5 minutes, would achieve a more favorable waking
quota. In our opinion, this would only be useful if lengthening

the duration of the waking stimulus were to produce a significant

increase in the waking quotas and no negative psychological effects

on the population were to be expected.

.
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Figures 11-30 show the waking figures and ratios for the five dif- /21
ferent degrees of loudness and for different sleep periods. Figures

11-20 show the results for the period of deep sleep (cf. Fig. 8,

sec. a); Figs. 21-25 show waking figures for the time between 1.30
and 2.30 a.m., Figs. 27-31 show figures for the time between 4.00

and 5.00 a.m.

A striking feature of these figures is that the curves of the waking,
figures almost always show the same pattern. With the exception
of Figs. 26 and 27, the main waking figure is always in the second
partial period of the waking time; (in the two exceptions, this
main waking figure even shifted to the first partial period). Thisi

fact can also be observed in the waking curve pattern of deep sleep
(Figs. 11,13,15,17,19).

This means that the duration of the waking signal of 45 seconds is
sensible here.

In our opinion, this result makes it appear logical that the length
of siren signals used for warning purposes does not need to exceed

60 seconds even during the period of deep sleep.

.

e

22
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The susceptibility of the test subjects decreased, as would be ex- /27
pected, with decreasing loudness and proportional to the length
of sleep. during the period up to 3.oo a.m., most people were

wakened in the second partial period, but this maxiumum shifts

to the first partial period of the waking time between 3.00 and

5.00 a.m,. (Figs. 11-30). At a loudness of 60 dB, two thirds of all

the test subjects were awakened during the first partial period
during the period from 4.00 to 5.00 a.m. (Fig. 26). It is striking

that during the time of deep sleep the waking figure at all degrees
of loudness was below 5% in the first partial period. /28
Figure 31 shows in addition waking curves for various degrees of
loudness (40, 50, 55, 60 dB) and specific times (1.30 and 3.00
a.m.). As Figs. 31a and 31b show, 90% of the people awakened
by the signal were already woken during the first three partial periods
of the duration of the waking signal. Up to 15% are still woken
during the fourth partial period, i.e. during the time of recording

.when there is no further waking signal in effect; i.e. with these

people, either the cessation of the waking signal has an effect
or, however, the memory perception causes the nerve centers to be
stimulated and the waking stimulus to be perceived.
When evaluating the measurement diagrams, it was striking that '

substantial differences in the waking ratios appeared relative to
the comparative measurements corresponding to the times, e.g. for
a loudness of 45 dB -t 1.45 a.m. on 4.20 there was a waking ratio
of 92%, while a repeat of the same measurement on 7.13. produced
a percentage of only 60%. These discrepancies observed from one
class to another and also between two measurement days can be ex-
plained as follows. The variety in the sleep curves (cf. Fig. 10)
of the participants as well as the artificial effects of narcotics
on the sleep pattern may be determinative for the sleep depth reac-
had at the waking time and thus also for the sensitivity or percep-
tion of the participants. It was also found that a higher number
of younger participants reduced the percentages for the waking fi-
gures, i.e., in other words, the higher the average age of the

.

class, as a rule the better the percentage of waking [ text missing]

1

l

l
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" Depending on the areas of responsibility and interest, even during /29
the apparently complete unconsciousness of sleep there remains a
residue of waking perception that does not, of course, reach direct-
ly detectable consciousness, but can be deduced from the suceptibi-
lity to corresponding stimuli..."

The explanation for the varying effects from one day to another
can be found in the lack of information about the course of the
day and its psychological effect on the participants. In addition,
mutual wakening of the participants by one another cannot be regu-
lated or eliminated.

The phenomena listed above are not, however, deficiencies that
are determined by the construction of the test and the measurement
system, but they represent natural phenomena of disposition and
normal processes and should thus be treated as such.

b) Evaluation of the audiograms.
The evaluation of the audiograms is of great importance for deter-
mining the reaction capacity of the nerve centers of the test sub-
jects. A sleeper who is now awakened does not necessarily possess
e deficient reaction capacity. It is entirely possible that the
sensitivity of the nerve centers of the test subject is normal if
the degree of the waking stimulus reaches the level of intensity
that suits his ear.

The change in the reaction capacity of the nervous system during
sleep consists, regardless of the results of audiometry, not just
of a reduction in sensitivity to exterior stimuli, but also of a
decrease in the perception capacity, [1], a "non-hearing" and
[ text missing]

cxplained by the heavier participation of young test subjects des- /30
pite good hearing cepacities.

Basically it can be said that an abnonull hearing capacity in the
frequency range up to 2000 Hz results in turn in a greater sensiti-
vity of the nerve centers. Hearing losses of 5-10 dB within the
given frequency range can be disregarded. The reasons for a devia-
tion from these guidelines lie in the physical and psychologi-
cal make-up and the attitude of the participants to these studies

34
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[8]. Thus the waking figure for a hearing loss of 30 dB was 60%,
(

but waking ratios of 20-25% for a hearing loss of only 10 dB were
not uncommon.

7. Conclusion

Over the course of a ten month period studies were carried out on
the effects of waking signals on sleepers of various sleep depths,
and the reaction capacity of the sleepers was measured in relation
to the time, taking into account the hearing capacity. For the pe-
riod of deep sleep a waking figure of about 60% at a loudness of
60 dB in the sleeping areas was determined. This means that the
loudness of warning air raid sirens outside the building must be
at least 70 dB, if one assumes that the house walls muffle the loud-

! ness by about 10 dB. A decrease in the loudness of the signal of
5 dB resulted

'

in each case in a reduction in waking of about 7%.!

In addition, an attempt was made to show that the length of the
warning signal does not need to exceed a mximum of 60 seconds.

The results of the audiometry are not so easy to define. It was /31
shown that the hearing capacity of a test subject was not the only
determining factor for the reaction capacity and the degree of
sensitivity, but these are

l determined to a high degree by the phy-
Sical make-up and the personality of the test subjects.
At this peint we would like to express ~

our special thanks to the

directors of the Federal Air Protection School in Waldbroel for
their willingness to provide the rooms for our studies and to
satisfy our special requests.

We also thank the people attending the school for their support
in carrying out the measurements.

..

l' Dieter Kra11mann
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-
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00 ~

4 !s.3 3 '
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459.3. 1
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3 :|,

,\
o

'

I

..I
3elegur.g s stErke : 23 Pers, i-
Number of persons .[ ),

Hi.:.h^ bele-t? Nr.: ..m. 9 - ElD . - d. a
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lifi o: s *,i g 7 s : 6.3. nicht getestet i. i
Remarks: 6.3. was not tested h, i
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00 f l

13.2. 5 .
1 .i. . . - 1 ;

.

I
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'
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I 1
*

1519.3. 2' " 2 '1
,
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g h e s.a ~ n 1e

e
-
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.

*'
3 . . . .[1 '' .:L' S T,h a*K .: : 2* T e .* R . .

Nu: ber of persons

li ' : : '. l e ' Edt e ?.*r. : L . 'i. 7 * *
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Unoccupied Nr: -
,e

*

c . ..* ge .) : 13.3. Lehrgem.gs.o dht" ; .

Remarks: 13.3 test in course of study
,

30t+ !!n 6 11 7: IT's.h51 :fd. &** .' D Y. .* 1; U.- -
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-

-- _ - - -_-- - ..
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302C.3. 2 1 :nin. 2

4521 3. 2 " 2
L.y

4522.3. 2 ,,

3 .

3023.3. 3 " * 4-

.

.

ii .* I ? o 'r.y 1 t.2 rk e : 22 _ 7ere.
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!!'. h i b .=1 +;;to 1.*r. : 6,,_,] _
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3027.3. 1 1 min. 2

00 4.28.3. 1

|$
0029.3. 2 a 5

4-

1530.3. 0 . 1
'
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oalegungsst5rke: 2_0_ _ Pers.
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li ht belecte Nr.: 8_, 12, 15, it' ,
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Sor.stiseo : 30.3. aus6sfc11en ;

Rrmarks: 30.3 cancelled - -|

Betten 23 und 24 am 28. - 29 3. .,4
'beds 23 and 24 on 28. to 29. March
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<
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-
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U*** ** Durat, ion of time Setting of switch |
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'
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-
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I
15 a
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5 |,i,
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i
.
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-

...
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Nu.ber of persons *

i
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_ _

,
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.
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24.4 1 1 in. 5

30 225.4. 0 ,,

i

0 26.3 4 " 200

1527.a. 2 ,, 3

i.
*
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1
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'~ ~ ~~ ~~~ - '
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;..

On . r. tis t* s : Au sg tf a1.l v.1 ;

Remarks: Cancelled -
,

Blatt 1 'a er.tPp.'ichk 31at0 18.S.
Sheet 16a is same as Sheet 18a
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8.5. - 14.5.
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Datun Zeit Zeitdauer |Schniterste11uns
Date tim duration e' tima h++ 4 e; M roi+ '

,

!

00
' 2.5. 3 1 min. ; 5

!

30 a i 53.5. 3

15 . 14.5. 4
.

;
.

BelegungsstErke: 19 Pers.
nurber of persons ,

'

Nicht bele6 e Nr.: 3. 8, 13,__18', 22t
,

unoccupied Nr:

Sonstiges: i *

'
*
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s

.
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Iatur. Zeit Zeitdcuer Schalterstellung
Date Time Duration of time Settino of svierh

'

0015.5. 1 1 min. 5
.

16.5. O'O
'

" 2 :
,

I 00 " 217,5. 4

13 " 11 P. 5 2
.

!
.

Deles. mass tErks : 24 Pars.
Number of persons
liient hel este :;r. : , .

__
I

Unoccupied Nr-
1

Sonsticos: Mescur.c am 15.5. ano69fallon ,
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1 t.n Zeit 2citdr.uer Schc.lter:tellu.:;
--

.

Date Time Duration of t_ime_ Setting of switch
. --- -___

2 '3. 5. 1~0 1 ein. 1
r

45 -

. 424.5. 3

0 25.5. 2'5 5*

.

. .,

Belegun ~,s:Ur}:e: 23 Ters.
Number oY persons

'

Ficht bele.-t2 Fr.: 8
Unoccupied Nr:

Sor.o t.i ges : /s 25 5. 'Tachttibur.g,-

,
..

R* marks: May 25 night exercise .

f*e st:rg nicht vc:wcrtbsr.
Measurement not usable

.
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Iatu: Zeit Zeitdauer Schalterstellung
Date Tirne Duration ef time Settino of witch

30 !5.6. 2 1 cin. 1
.

,

00 ,

6.6. 1 , y .

.

15p 7.8. 3 a 2

00 '

6.8. 2 " '

4 ,

.
.

,

|
|

3el?c/rcast5rke : 22 Pers.
Nur.ber of persons ~~

Uicht 'celegte Nr.: 6, 21 .
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. .

Sons 11ses: Schule am 5.6. nicht belegt
R* marks: school not in session on June 5 ,

t

y .
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*

*

.

e

W
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