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THE EESPIEATOEY RHYTHM IN ITS RELATION TO THE
MECHANISM OF THOUGHT.

BY F. h. GOLLA, P.R.C.P.,
AND

S. ANTONOYITCH, M.B., B.S.

(From the Central Patlwlogical Laboratory of the London County Mental Hospitali.)

THE methods hitherto employed in the investigation of the res-
piratory concomitants of mental activity have been of two types. The
total ventilation has been recorded by means of a plethysmograph into
which the subject breathes through a mask or mouthpiece, the expired
air alone being measured. Another method involves the use of some
form of volume recorder strapped round the chest, the respiratory
movements being transmitted to a recording tambour.

No one who has experience of the extraordinary sensitiveness of the
respiratory mechanism to affective states can doubt that the first method
is so liable to subjective variations as to be unsuitable for psychological
work. By means of control tests we were able to demonstrate that even
with carefully trained subjects any attempt to breathe through an open
mouthpiece or mask, that is to say a piece of apparatus which centres
the subject's attention on his breathing, invariably gives rise to an
abnormal type of respiration, generally associated with hyperpnoea.
We feel convinced that for the recording of strictly normal respiration
it is essential not only that the apparatus should in no way interfere
with perfectly unconscious and unrestricted breathing, but that in
addition the subject should, if possible, be unaware of the fact that his
respiration is being tested. The use of a plethysmograph of the nature
described, with the unavoidable resistance of its inspiratory and ex-
piratory valves as well as that of the tambour itself, is incompatible with
such measurements, even apart from the important psychological factor.
As corroborative evidence on this point we will only mention the
researches of Schall [6] who showed that even a valve with a resistance
exceeding 25 mm. of water has a perceptible effect on the respiratory
curve.

Turning to the various methods of recording the respiratory move-
ments of the chest and abdomen, it may fairly be urged that none of
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4 9 2 ORIGINAL ARTICLES AND CLINICAL CASES

these can by its very nature give anything approaching a true record.
They are all concerned with, recording the movements at a restricted
level, i.e., that of application, and can give no definite information as to
the resultant effect of the dual mechanism on the total ventilation.

With these considerations in view, we adopted the principle of the
apparatus first used by Haldane [4] in his experiments on the excita-
bility of the respiratory centre. In Haldane's original method the
subject lay in an oblong box with the head outside, the neck passing
through a hole in the lid, composed of an upper and a lower segment.
An air-tight junction round the neck was obtained by packing with
plasticine. By a suitable volume recorder the increase and decrease of
air volume in the box, corresponding to expansion and deflation of the
chest and abdomen respectively, could be registered. This simple device
is quite satisfactory for the investigation of the physiological responses
of the respiratory centre, but requires certain modifications to make it
suitable for psychological purposes. We therefore constructed a form
of apparatus which allows the subject to be comfortably seated and
involves a minimum of pressure round the neck. Our first attempt was
not quite successful in so far as the recording instrument proved too
insensitive to respond to small and rapid respiratory movements, also in
that we had considerable difficulty in obtaining a perfectly air-tight
joint round the neck. Professor Buckmaster and Mr. Hickman had
meanwhile overcome both these difficulties in an apparatus of similar
construction which they used for some unpublished work on respiration
in the Physiological Laboratory at Bristol. We are indebted to them
for the advice that led to the reconstruction of our plethysmograph on
lines substantially similar to the apparatus at Bristol. Fig. 1 shows
the final form of the apparatus as used in the present experiments.
Essentially it consists of a wooden box with a removable lid and front-
piece, both of which can be clamped firmly into position by means of
large handscrews. All the joints on the box are effected by the inter-
locking of carefully moulded edges, the corners being in addition padded
with strips of felt. The joints have remained wholly air-tight after
more than a year's usage. The lid consists of two pieces, the back being
fixed to the box, the front being detachable; both have semicircular
holes in the centre, which together form the opening for the neck. The
lid is inclined at an angle of 7'6° to the back of the box, this having
proved a detail of great importance, since the neck emerges from the lid
not vertically but at an angle. A horizontal section of the neck gives
an oblong outline, and considerable discomfort to the subject would
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THE BESPIBATOBY BHTTHM AND MECHANISM OF THOUGHT 493

therefore result should the neck-hole be in the wrong plane while
remaining strictly circular. A circle had to be adopted on account of
the great difficulty of achieving an air-tight joint with an elliptical
aperture. The diameter of the neck-hole is sufficient to allow of about
i cm. free play with large-sized necks. An air-tight joint round the
neck is obtained in the following way: an inflatable rubber collar with
an 8-in. circular skirt attached is slipped over the head and inflated so
as to fit the neck exactly, without causing pressure and discomfort.
The subject having been seated in the box and the front half of the lid
clamped on, the skirt is spread evenly over it. A pair of boards con-

FIG. 1.—Sketch of apparatus.

sisting of right and left segments, cut so as to cover the lid exactly, are
then placed on top and securely bolted down on the lid. The clamping
down of the front piece completes the preliminaries. It is a matter of
some importance in ensuring the comfort of the subject to test the
height of the seat and alter it, if necessary, before fixing the lid in
position. Too low a seat, helped by slight sinking into the cushions,
is liable to cause the subject to be partially suspended by the ohin and
so give rise to discomfort and restlessness; while too high a seat brings
the shoulders up against the lid and causes undue fatigue of the neck
muscles in holding the wholly unsupported head upright. We obviated
this latter difficulty by slipping on a second and loosely fitting collar
which, when inflated, acts as an air-cushion for the head, allowing of
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494 ORIGINAL ARTICLES AND CLINICAL CASES

complete muscular relaxation. A second important point is to pad the
box so that the subject has a rest for his back, as otherwise the head
tends to bend forward and fall lower and lower. We have had subjects
supported in this manner who slept in the box for over two hours
without afterwards being aware of stiffness in the neck or any other
untoward effects.

The air space in the box communicates with the recording plethys-
mograph by a wide tube carefully bent so as to avoid acute angles, thus
minimizing the resistance to the air current. For this purpose also the
tube should be at least 6 cm. in diameter ; a smaller bore occasions lag
and inadequate sensitiveness of the recorder.

The recorder itself is of the familiar float pattern, rectangular and
having a capacity of about 4 litres. The float is balanced on knife
edges at its posterior end, the edges resting in corresponding notches on
the wall of the trough. A screw projection from the back of the float
holds an adjustable weight by means of which the angle of the float
and hence the level of the writing point can be altered. A light rod,
acting as stylus, is fixed to the top of the float and projects 45 cm.
in front. At the end of it is a small writing point fed with red ink
which writes on white glazed paper. The up-and-down movement of
the lever describes the arc of a circle (with the lever as radius), so that
the pointer must be able to swing backwards and forwards on a hinge
in order to remain in contact with the vertically placed paper. The
front wall of the float is curved, so as to form an arc similar to that
represented by the excursion of the lever. The damping effect of the
water bath renders the excursions dead beat, while the absence of
resistance to the air current allows exceedingly small and rapid
movements to be registered.

By means of a small side opening in the box the whole system can
be brought into equilibrium with the outside atmosphere before finally
making it air-tight and beginning the experiment. The sensitiveness of
the apparatus is such that it can be made to show individual heartbeats
quite plainly on the respiratory curve.

The excursions of the pointer are calibrated in terms of volume per
millimetre excursion, so that an accurate determination of the total
ventilation can readily be made when required.

Control tests have shown that slight movements on the part of the
subject in the box have no effect on the respiratory record so long
as the apparatus remains perfectly air-tight. We always make a point,
however, of asking our subjects to keep particularly quiet once they
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THE RESPIRATORY RHYTHM AND MECHANISM OF THOUGHT 495

have found a comfortable position, nor did it happen more than once or
twice that records had to be discarded on account of movement when
reasonable precautions were taken to make the subject as comfortable
as possible.

Throughout our experiments we have abstained so far as possible
from any suggestion to our subjects that we were investigating the
rhythm and volume of respiration. Although the majority of them
were either medical students or qualified medical men and women, we
found that most of them unhesitatingly accepted the suggestion con-
veyed in very vague terms that the object of the experiment was a
metabolic investigation, and paid no attention to their breathing. We
attached great importance to thi3 point at first, since there is no
question but that the psychological factor is of great importance in such
experiments. However, subsequent observations on ourselves and
subjects who had already been experimented on, and therefore knew the
purport of the apparatus, have tended to show that under the conditions
of the experiment there is little to be feared from the knowledge that
respiration is being investigated. By allowing a few minutes to elapse
(ten on an average) from the time at which the subject is first seated
in the box to the commencement of the actual experiment, it was easy
to satisfy ourselves, both by questioning the subjects and examination
of the records, that breathing was always normally and unconsciously
performed.

SUBJECTS.

The subjects examined were forty-five women and twenty-five men.
Of the women thirty were medical students or newly qualified
practitioners from the Boyal Free Hospital. Of the remainder, five
were occupied in scientific work and ten in literary and artistic work.
Of the men twenty-two were either medical men attached to the mental
hospitals service or trained scientific assistants in the laboratory, one
was a young mathematician, one a barrister and one a business man.
The great majority of our subjects were therefore trained in a scientific
occupation and with ten exceptions they were under 35 years of age.

In the present series of experiments we found that when the subject
sat in an unoccupied state in the box we were at once able to demon-
strate the existence of two types of respiration. In the one type the
rhythm and the amplitude of the respirations remained absolutely
regular ; in the other both the rhythm and amplitude were exceedingly
irregular. Pauses of varying length occurred between the respirations
and the total ventilation might vary several hundred per cent, between
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496 OBIGINAL ARTICLES AND CLINICAL CASES

two successive breaths. It was further noted that even in the cases
of disturbed respiration the subject tended to maintain the total ventila-
tion over any considerable period at the same level by compensating for
a small breath by one or more succeeding large ones, or by following a
lengthy pause by respirations of either increased frequency or increased
size. This compensation alone, apart from numerous control experi-
ments, demonstrated that the irregularities could not have been caused
by movements other than those of respiration, e.g., fidgeting in the box.

FIG. 2 A.—Respiratory record of a "visual" subject during rest and mental arithmetic.
The subjeot js engaged in adding up oolumns of figures between the two orosses. Lower line
time in minutes. Note the uninterrupted regularity of the breathing at onset and cessation
of work. Reduced to \.

PIG. 2B.—A record taken under exactly similar circumstances as A and belonging to an
" auditory" subject (B). Onset of calculation at the orosa mark. Lower line time in
minutes. Reduced to \.

It was noted that the type of breathing, regular or irregular, remained
constant on repeated examination of any one subject and that it
maintained its character even after the subject had been in the box for
over an hour. It did not appear likely that such peculiarities in the
apparently resting subject could be ascribed to fluctuations of attention.

The next step was to see how subjects of the two types reacted to
a task requiring some concentration of attention. For this purpose a
page of figures arranged in ten columns (thirty-six in each) for simple
addition was placed before the subject. It was found that subjects who
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THE RESPIRATORY RHYTHM AND MECHANISM OF THOUGHT 497

had previously exhibited a regular rhythm persisted in this during the
performance of the task. In those subjects who showed irregular
breathing during the resting stage the performance of the arithmetical
task was accompanied by the same or sometimes a higher degree of
irregularity in rate and amplitude. The time occupied by the addition
averaged seven minutes, and throughout this period the two types of
respiratory rhythm maintained their characteristics. The subjects were

FIG. 8.—Record of subjeot B at rest, taken at a greater speed. Jjower line time in
seconds. Reduced to i.

not enjoined to make any very intense effort; they were asked to aim
at accuracy but not to communicate their results. Occasionally during
the first few seconds of calculation a more or less complete inhibition of
respiration made its appearance. We are not here concerned with this
transitory phase, which rarely lasts longer than half a minute and
corresponds to the initial increase of tonus with mental effort, and
which will be discussed later.

FIG. 4.—Similar record of subject A taken at exactly the same speed. The contrast
between the two types is well marked. The differences in size of excursions are due to the
fact that subject B is a tall man and subject A a woman of rather leBS than average height.
Reduced to J.

Fig. 2 shows two very typical records, A being that of a subject
exhibiting a markedly regular rhythm, and B of a subject showing great
irregularity. It will be observed that addition causes no change in the
rhythm of A, whilst in B the irregularity becomes more pronounced.
Fig. 3 is a record of irregular respiration of subject B at rest taken at
a greater speed. It reveals the complete irregularity of both rhythm
and amplitude, with the tendency for succeeding groups of respirations
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498 ORIGINAL ABTICLES AND CLINICAL CASES

to compensate for variations of their precursors, so as to maintain the
total ventilation per unit time at the same level. Careful measure-
ments of the excursions of the lever reveal a complete uniformity of
the total ventilation over long periods both in the resting and working
subject. Pig. 4, which represents the respirations of subject A during
rest, is taken at exactly the same speed as fig. 3, and shows the difference
between the two types very strikingly. In the regularly breathing
subject the effect of intellectual work is sometimes to cause a uniform
lengthening of the expiratory phase, which may be accompanied by an
increase in total ventilation without, however, causing an irregularity
of the rhythm.

If the two classes of subjects be now asked to recall firstly a piece
of poetry and next a piece of music, the reaction is in the main the
same as that obtained during calculation; the regular rhythm of the
one remains unaltered, and the irregularity of the other is increased.
The same result is obtained when the two types are asked to assemble
silently the arguments pro et contra of an abstract problem, e.g., the
freedom of the will.

A concrete problem of the following nature is now set: The subject
is asked to imagine that he is given a number of 1-inch cubes which
he is to arrange in such a way as to form a large cube measuring
3 in. a side. The large cube is then to be painted red all over and
taken to pieces. The problem consists in working out how many of
the little cubes will have three sides, two sides, one side painted redf

and how many will have no paint at all. The effect of this puzzle on
the respiratory rhythm is different from that of an abstract problem.
Whilst the subjects with a regular rhythm continue to breathe regularly
during the silent unravelling of the problem, the majority, i.e., 80 per
cent, of a group of twenty-five irregular breathers, become regular with
the onset of this task. Fig. 5 shows the effect of this problem on the
respirations of subject B. Of the five who continued to breathe irregu-
larly, two, on being questioned, averred their inability to deal with
the problem, which they therefore abandoned, but there is unfortunately
no record of the remaining three being questioned on this point.

So far, then, we have distinguished two types of respiratory
behaviour, both of which persist whether the subjects be engaged in
arithmetical work, in recalling poetry, or music, or in solving an abstract
problem, but which alters when a problem involving purely visual
imagery is attempted—the regular type persisting, and the irregular
type becoming regular.
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THE RESPIRATORY RHYTHM AND MECHANISM OP THOUGHT 499

A total of sixty-seven subjects were examined on these lines, and
45'5 per cent, gave records characterized by an irregular respiratory
rhythm, whilst 54'5 per cent, showed a regular rhythm.

The persistence of the two types of respiration under varying
circumstances made it appear extremely improbable that the irregularity
of the one type was due to fluctuations of attention, while the fact
that an irregular rhythm became regular when an attempt was made
to solve a problem requiring visual imagery pointed to a relation between
the respiratory rhythm and some factors in the mechanism of thought.
We therefore proceeded to obtain introspective evidence from each
subject as to whether he or she was conscious of relying chiefly on
visual or verbal imagery in thought. In this inquiry we were confronted

FIG. S.—Record of subject B while engaged in solving a problem requiring visualization
and during subsequent rest. Work to the left of the cross mark, rest to the right. Lower
line, time in minutes. Reduced to J.

with some difficulties which are less apparent in investigations under-
taken on subjects trained in a psychological laboratory. Very few of
our subjects had any psychological training or were specially interested
in psychological problems; some of them were technicians with only a
relatively small amount of the type of education that would be helpful
in an introspective inquiry into mental mechanisms. All our subjects
were busily employed, many of them in working for examinations, and
had at considerable self-sacrifice found the time to attend at the
laboratory for the experiments. To have subjected them all to an
elaborate questionnaire demanding considerable psychological acumen
on the part of the respondent would have been to obtain a small selection
of utilizable answers which, for all we knew, might have been repre-
sentative of only one type of thought mechanism. We therefore decided

 by guest on M
arch 25, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


500 ORIGINAL ABTICLES AND CLINICAL CASES

to submit a few relatively simple questions which would admit of some
form of answer from anyone of average intelligence, and to assess the
predominant type of thought mechanism on the answers given. These
assessments were made without any reference to the plethysmographic
records, the correlation of the two being left to the end. The questions
which were submitted, either in writing or orally, and on which our
assessment was based, were as follows :—

(1) To what extent do you think (a) in terms of your own voice,
(b) in visual images, and (c) in terms of movement? Do any
of these processes occur simultaneously ? If (a), are you aware
of any throat or tongue movements when thinking ?

(2) When you recall a piece of prose or poetry do you hear it or
see it ? Is it accompanied by visual or auditory images of the
events in the piece apart from the actual words ?

(3) When you think of a person or object do you first have to
recall individual features in order to reconstruct the whole, or
do you see them as a whole ? If you have to recall individual
features do you have to name each before you see it'?

(4) In recalling a piece of music do you do so in terms of your own
voice or of an instrument ?

(5) When calculating how do you represent the figures to yourself?
A number of other questions dealt with points which will be con-

sidered later, but it was on the answers to the above five that our
subjects were assessed as either predominantly making use of visual
or of auditory imagery in thinking. On comparing this classification
with the type of record obtained with the plethysmograph, we found
that subjects assessed as predominantly visual gave a record of quiet
regular breathing, and that those belonging to the auditory type exhibited
an irregular respiratory rhythm.

Of the sixtv-seven subjects examined introspectively and plethysmo-
graphically the records of thirty-four showed a regular respiratory rhythm
under all circumstances. Of these, thirty-three were assessed by their
own account of themselves as being predominantly visual and one only as
belonging to the auditory type. The records of thirty-two subjects
showed an irregular respiratory rhythm and of these twenty-eight were
assessed by their answers as being of a predominantly auditory type,
whilst four were judged to be visual. One record was rejected owing to
continuous movement on the part of the subject while in the box,
masking the true respiratory picture.

Thus of the sixty-one cases in which records and questionnaire agreed,
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54 per cent, belonged to the visual type with regular breathing and
46 per cent, belonged to the auditory type with irregular breathing.
Considering the fact that our questions were admittedly lacking in
psychological precision, it is surprising that the discrepancies only
totalled 75 per cent.

The distribution of the two types is about the same in the two
sexes. Our sixty-one subjects comprised twenty-one men who were
divided into ten of the auditory and eleven visual type, whilst of the forty
women twenty-three belonged to the visual and seventeen to the auditory
type. Since the overwhelming majority of our subjects were either
connected with medicine or science no occupational classification is
possible.

THE SIGNIFICANCE OF THE TWO TYPES OP BESPIRATORY RHYTHM.

The fact that irregular breathing becomes regular when a problem
such as that of the cubes is set—a problem that can only be solved
by visual imagery—is in itself a strong indication that the irregular
respiration recorded in the auditory type is causally connected with the
predominant use of internal speech, at the existence of which our subjects
hint when they say that they think in terms of their own voice. The
image here is an auditory one but invariably refers to the subject's own
vocal organs. It would, however, be wrong to assume that such
irregularity both of rhythm and amplitude of respiration is in any sense
a point-to-point representation of the actual respiratory disturbance that
would take place were the auditory images to be translated into spoken
worde. If this were so, such images could only occur, as in speech,
during the expiratory phase, whereas anyone belonging to the auditory
type is conscious that the images arise uninterruptedly both during
expiration and inspiration. Such a person has only to maintain an
imaginary argument in terms of internal speech to satisfy himself that
the stream of auditory images undergoes no interruption during inspira-
tion. The irregular breathing of an auditory person cannot therefore be
regarded as a mere silent reproduction of the respiratory movements
that would take place were the words audibly spoken or whispered.
That states of emotional and intellectual tension are accompanied by
respiratory disturbances has long been known. It is necessary to
discuss shortly the possibility of mental tension as a factor influencing
respiration.

Our primary object in this investigation had been to see whether any
correlation could be found between lapses of attention and disturbances
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502 ORIGINAL ARTICLES AND CLINICAL CASES

in the respiratory rhythm. The effect of intensive intellectual effort on
respiration, such as shallow and quickened breathing, and the occasional
occurrence of inhibition in the inspiratory phase, has been repeatedly
studied by observers using thoracic and abdominal recorders of the
Lehmann type. Zoneff and Meumann [7] from numerous observations
on six subjects were able to state that voluntary concentration of
attention causes a slowing of the pulse and an inhibition of respiration
more marked in the thoracic than in the abdominal type ; also that the
inhibition appears either in the form of a total cessation, or in a flattening
of respiration which is often accompanied by an increased frequency;
that the inhibition of respiration and slowing of pulse rate reach a
certain maximum intensity, and then, if the experiment be continued,
they again become normal or even swing over to the opposite side.
They conclude that the alterations of the respiratory rhythm are linked
up with fluctuations of attention. One of us [2] in 1921 described
similar phenomena and endeavoured to show that they bore a relation to
the increased tonus of skeletal muscles which it was possible to dempn-
strate by myographic methods daring intellectual effort and which we
have recently confirmed by observations on the tendon reflexes [3]. In
all such cases the experiments have been of short duration and the
attention has been concentrated with maximum intensity.

Apart from the fact that onr experiments were conducted over
lengthy periods under conditions which involved no great increase of
emotional or intellectual tension, two facts emerge that negative the
explanation that respiratory irregularity is due to either or both of
these factors. Firstly, the correlation between the auditory type and
irregular breathing, and the visual and regular breathing, which would
on this hypothesis imply the manifestly absurd assumption that only the
auditory type display intellectual and emotional tension. Secondly, that
when the auditory type concentrates on a problem that can only be
tackled by the use of visual images the respiration becomes regular, except
in those subjects who declared that they were unable to conjure up the
necessary image and abandoned the attempt to solve the problem.

Can the respiratory irregularity be explained as being due to
interference of laryngeal movements accompanying auditory images?
One of us has been able to produce objective evidence that such laryngeal
movements may occur during the representation of singing up and down
an octave, but there is no such objective evidence of their general
occurrence during thought processes of the auditory type. Strieker, by
introspection and concentration of attention upon his own mental
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processes, came to the conclusion that the primary revival of word
images was by a sense of movement in the muscles of articulation, but,
as Mott [5] points out, any such concentration must make the
observation of doubtful value. Of our own subjects, ten only were
conscious of laryngeal movements during thought, and one described
tongue movements. All these subjects, it is to be noted, belong to the
auditory or irregularly breathing type, but they form a very small pro-
portion of the total number. It would be unwise, however, to conclude
from the fact that the majority of auditives are unconscious of such
movements, that they do not occur. As anyone may prove for himself,
it is a matter of great difficulty, even when speaking aloud, to apprehend
laryngeal movements.

In the absence of any experimental evidence the nature of the
connection between irregular breathing and an " auditory" way of
thinking must be left an open question. It is at least a possible hypo-
thesis that the continual occurrence of laryngeal movements as an
accompaniment or possibly a precursor of verbal images disturbs the
respiratory rhythm so as to produce either acceleration or retardation
and increased or decreased amplitude of breaths, according to the
phase of respiration in which such movements occur.

THE RELATION OF THE TWO RESPIRATORY TYPES TO CERTAIN

MENTAL PROCESSES.

By far the simplest mental process with which we are concerned is
an ordinary arithmetical operation; addition or subtraction, multiplica-
tion or division involve a minimum of valuation. To a great extent
simple arithmetical operations are memory processes in which the terms
of reference are a highly restricted series of images whose nature will
be determined by the type originally employed in the process of learning,
be the imago a visual, auditory or motor one. An inquiry was made
among our two classes of subjects as to their proficiency in mental
arithmetic. We were, of course, precluded by the status of our subjects
from obtaining information by any direct examination such as might
be made with junior students. The subject was simply asked : Are you
good at mental arithmetic ? Of the fifty who answered this question
twenty-two reported themselves as bad and twenty-eight as fair or good.
Of the twenty-two " b a d " cases fourteen belonged to the auditory
(irregular) and eight to the visual (regular) type. Of the twenty-eight
" good or fair" ten belonged to the irregular, and eighteen to the
regular respiratory type.
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It may, therefore, be fairly stated that irregular respiration indicates
a type of mind that is on the whole unsuccessful in mental arithmetic,
and that the opposite is true of the regular breathers. The connection
that we have demonstrated between the type of respiration and the type
of image predominant in thinking might at first suggest that the failure
of irregular breathers to make good at mental arithmetic was due to their
being unable to form visual images of the necessary figures. Such an
explanation would, however, be an over-simplification of the problem.
When asked how they represented numerals, of fifty subjects who
replied to this question eleven reported auditory images alone, and of
these six belonged to the irregular and five to the regular breathers.
Eight reported mixed auditory and visual images and of these six
were of the irregular and two of the regular type. The remaining
thirty-one subjects all reported purely visual images and of these nine-
teen belonged to the regular and twelve to the irregular respiratory type.

The data may be summarized in the following table.

Representation of numbers in torniH of

Auditory images

Visual and auditory images

Visual only

Total

Regular sreatbera

Mental arithmetic

Good

2

2

14

18
69-2%

Bad

3

5

8
30-8 %

Irregular

Mental a

Good

1

4

5

10
41-6 %

breathers

rlthnietlc

Bad

5

2

7

14
58-4 %

Total

11

8

31

50

It will be seen that though out of our original sixty-one subjects
twenty-eight with irregular respiration had reported themselves as pre-
dominantly using auditory images in ordinary thought and thirty-three
of the regular type as predominantly visual, the imagery of numbers
does not closely follow that of thought generally. It will at the same
time be noted, however, that when—owing possibly to methods of
education—twelve of the irregular auditory type adopt visual number
images they are still less successful in mental arithmetic than the regular
type using their predominant visual imagery. A possible explanation is
that the first-mentioned type of person visualizes numbers very imper-
fectly and carries on his mental arithmetic by interpolating verbal
processes with the visualized numbers. The fact that his respiration
continues to be irregular is in favour of this hypothesis. On the other
hand, those few cases of the regular type who have adopted auditory
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number images do not seem to be as successful in mental arithmetic as
the remaining majority of them who retain their visual imagery during
calculation. The researches of Galton [1] show how very much further
the examination of the visual representation of numbers should be pushed
in order to account for divergencies in arithmetical ability between
different persons who equally lay claim to visual imagery. The use of
what Galton terms "number forms," i.e., the arranging of numbers in
various patterns in one's field of vision, which memory faithfully repro-
duces every time an arithmetical operation is undertaken, is probably
nearly as important as the question of what type of number imagery is
relied upon. It seems at least a plausible supposition that the mathe-
matical faculty is intimately connected with visualizing powers. A
person who need merely refer to a systematically-arranged pattern of
figures when called upon to work out an arithmetical problem is mani-
festly better off than one who has to rely on the slower and more
elaborate method of summoning the figures by name, as it were, before
they can conveniently be used for reference. Even then it is probably
but a transitory image that is evoked, whereas any process beyond the
simplest addition or subtraction would require the simultaneous repre-
sentation of a number of figures persisting over varying intervals of
time.

We were not satisfied that under the conditions of our experiments
it was possible to obtain statistics of value as to ability in higher mathe-
matics or literature. Answers to our questionnaire on these points
might give the impression that ability in both was evenly divided between
our two types of subjects, but certain cases in which we had other means
of judging tended to show that autobiographical information of this sort
is very unreliable. The same remarks apply to proficiency in drawing
unsupported by objective corroboration. It was decided for this reason
not to push our investigation into specific abilities with reference to the
two respiratory types any further.

It seemed, on the other hand, that since we knew a large number of
our subjects particularly well, either as pupils, colleagues, or fellow-
students, it might be of value to correlate an assessment of their general
ability with their respiratory type. Here, again, we could not, with our
class of subjects, contemplate any form of investigation on the lines of
Spearman. We decided to consider our subjects simply in the un-
scientific light of general impressions. Those whom we considered as
possessing intellectual ability that distinguished them from the mediocre
we classed as being of superior intelligence, the remainder as being of
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average intelligence. It must be our apology for introducing such un-
scientific methods into a psychological investigation that the experience
of daily life shows that such impressionistic assessments do in practice
prove of value when a fair degree of intelligence and common sense can
be claimed for the assessor. Fifty-four subjects, thirty of the regular
(visual) and twenty-four of the irregular (auditory) type, were assessed
on the lines indicated, the assessor in forming his judgment being of
course ignorant of the type to which any given subject belonged.

It was found that of the thirty of the regular respiratory type, nine-
teen, or 63 per cent., had more than average intellectual ability; of the
twenty-four irregulars eighteen, or 80 per cent., were of more than
average intelligence. The type of subjects on whom our investigations
were made should obviously furnish a fairly high percentage of persons
of superior intelligence. The subject is to be pursued in further
investigations conducted by Spearman's methods on a number of
scholars.

THE MUSICAL FACULTY.

The presence or absence of the power of correctly appreciating
musical tone (the musical ear) admits of a fairly clear-cut answer that
should provide definite statistics with even such a superficial form of
inquiry as our questionnaire. We had small hopes of finding any differ-
ence in the distribution of the musical ear between the two types of
breathers, as we were disposed to believe that the presence or absence
of this faculty depended upon the anatomical features of the cochlea.
The appended results have, however, led us to change our views.

Fifty-two subjects were examined, of whom twenty-four belonged to
the irregular type (auditory) and twenty-eight to the visual. Of the
former, 46 per cent, reported "no ear"; of the latter, 18 per cent, re-
ported " no ear." The subjects were next asked how they would recall
a piece of music—whether in terms of their own voice or in terms of
the instruments on which they had heard it played. The results can be
tabulated as follows :—

Mask

Own voice

Instruments

recalled In tanna of

Total

Regnlar breather*

Musical ear

Good

8

20

23
82-1 °/o

Bad

i

5
17-9 °U

Irrepilar breathers

Mmical ear

Good

4

9

13

Had

'J

2

1 46 9° / .

Total

20

32

52
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It would appear, then, that the irregular respiratory type with the
predominantly auditive imagery tend in a little more than half the cases
to use the same kind of auditory imagery (i.e., thinking in terms of their
own voice) for the representation of music, and that this mode of repro-
duction may in the majority of cases be responsible for a bad musical
ear. If this be so, it should be an indication for encouraging children
with a " bad ear " to try to represent notes in terms of an instrument
rather than by vocal imitation.

POWER OP VISUALIZING FACES.

It might be expected that if our correlation between the types of
breathing and types of mental imagery were correct a certain difficulty
would be experienced by the auditory type in visualizing the features of
absent friends. In answer to oar questions, ten subjects of the irregular
type reported that when thinking of a person they have first to recall
individual features in order to reconstruct the whole, and fourteen that
they see the face as a whole. Of twenty-seven visual (" regular ") sub-
jects, all claimed to see the face as a whole. Of the ten first-mentioned,
every one finds it necessary to evoke the dominant features from which
the face is reconstructed by a verbal image. Ten of the fourteen who
see the face as a whole are also aware of using some form of auditory
image in the process. None of the " regular " subjects confesses to the
use of any verbal images in reconstructing a face.

DREAM IMAGERY.

Forty-six subjects were able to give some account of the nature of
their dream imagery. Twenty-seven have purely visual dreams, and
of these twenty-two belong to the regular type of breathers, the remain-
ing five being of the irregular type. Seventeen have mixed auditory
and visual images in their dreams, and of these, six are of the regular
and eleven of the irregular type.

Two subjects have purely auditory images and both belong to the
irregular type.

THE SENSE OP SMELL.

Though not strictly in the line of this investigation, we mention the
effect on respiration of mental representations of various smells. The
majority of subjects who confessed to a keen sense of smell showed very
slow and prolonged inspirations interrupted by short and rapid expira-
tions when thinking of a pleasant smell, such as that of a rose. If,
after a rest, they are asked to imagine some unpleasant smell, e.g., that
of the post-mortem room, the rule is an immediate and long expiration,
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even if the respiratory cycle is thereby interrupted at the beginning of
inspiration. The expirations continue to be drawn out as long as the
representation of the smell lasts, but after a few seconds the subject
usually becomes aware of his disturbed breathing and often guesses the
purport of the experiment. On account of this we invariably introduced
the question of smells at the end of the experiments. In every case
where a pleasant smell failed to produce a response the subject after-
wards declared that he was quite unable to imagine it.

THE PERSISTENCE OP THK TWO TYPES OF IMAGERY.

Although no data are obviously possible as to the persistence of our
two respiratory types throughout life, our subjects were unanimous in
declaring that so far as they knew no change had occurred in their
particular type of imagery since childhood. Galton considered that he
had evidence of auditory imagery gradually replacing visual imagery
with advancing age. As most of our subjects were under 30 years of
age and none over 50, it is impossible to control this statement.

GENERAL OBSERVATIONS.

Our inquiry has only been directed to discover a correlation of some
type of thought process with the two very distinct respiratory types
that have just been described. Up to the present stage we have
abstained from a more detailed investigation into the very complex
forms of imagery which the researches of Galton and others have
demonstrated, and which may throw some further light on our two
respiratory types. Of a motor or dynamic imagery, we have found no
very definite trace in the superficial inquiry directed to our subjects.
We would wish, moreover, to emphasize that we claim to have demon-
strated in the case of the irregular type of breathers only the bodily
concomitants of certain forms of imagery, forms that constitute not
thought in its entirety, but a series of sign-posts which mark the
direction of the continuous stream of thought, that is, of the sense of
relation of which we have no definite image. Though two streams,
marked either by visual or auditory sign-posts, may ultimately arrive
at much the same final conclusion in concrete problems, evidence is not
wanting to show that psychological and metaphysical speculations will
be profoundly influenced by the type of imagery adopted. We would
venture, for example, to suggest that the extreme form of behaviourism
put forward by its chief exponent is in no small degree influenced by the
fact, so apparent in all his writings, that he is an extreme example of
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thinking in terms of auditory imagery. The possibility of determining
by objective methods the predominant type of thought imagery may
prove to be of some practical value in assessing the fitness of subjects
for certain specialized forms of work.

CONCLUSIONS.

Observations were made on the respiratory volume and rhythm by
means of a plethysmograph enclosing the whole body. Two types of
habitual respiration have emerged and are approximately equally dis-
tributed among normal subjects of both sexes. The irregular respiratory
type has been found in subjects with predominantly auditory imagery ;
the regular type in subjects with predominantly visual imagery. The
irregular type has been found to become regular when a problem is
tackled the solution of which requires purely visual images.

The regular type are superior to the irregular type in mental
arithmetic.

The "ear for music" is found to be more developed in the regular
type. The irregular type tend to recall instrumental music in terms
of their own voices.

The power of visualizing faces is much better in the regular type.
General ability was found to be higher in the irregular type.
Purely visual dreams are more frequent in the regular type; mixed

visual and auditory dream imagery in the irregular type.

In conclusion, we have to thank Professor Buckmaster and Mr.
Hickman for advice in improving our apparatus, and our many subjects
for their kindness in subjecting themselves to lengthy experiments and
to the questionnaire. Our special .thanks are also due to the Medical
Research Council for a grant which has enabled one of us to undertake
collaboration in this piece of research.

BIBLIOGRAPHY.

[1] GALTON. " Inquiries into Human Faculty," 1883.
[2] GOLLA, P. Croonian Lectures, Lancet, 1921 (II).
[3] GOIXA, F., and ANTONOVITOH, S. Journ. Mental Science, 1929, 75 (No 309), 234.
\i\ HALDANE, J. S. "The Regulation of the Lung Ventilation," Journ. Phys., 1905, 32,

242.
[5] MOTT, P. "The Brain and Voice in Speech and Song," London, 1910.
[6] SCHALL, L. Zeitschr. f. d. ges. exper. Med., 1921, 1 4 , 322.
[7] ZONKPP and MECMANN. "Effect of Attention and Mental Work on Respiration,"

Wundt's " Philosophiuche Studien," 18, 1.

 by guest on M
arch 25, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/

