Perception of Simultaneous
Tactile Sttmuli 1n Normal Children

Max Fink, M.D. and Morris B. Bender, M.D.

Normal adults readily identify and localize tactile stimuli applied simul-
taneously to the face and the hand (the “face-hand test”).! While halt the
subjects perceive stimuli incorrectly on the initial trial, all are accurate by
the tenth trial of the test. Young children, however, find the task of identi-
fication and localization of two skin stimulations difficult. They report only
one of the two stimuli, or, if they report the two, frequently mislocalize one
of them. The omission or mislocalization of stimuli is not haphazard but fol-
lows a consistent pattern in which stimuli to the face are readily appreciated
(“most dominant™) while those to the hand are not (“least dominant™).

In order to determine the pattern of “dominance” in children and the age
at which such tactile perceptual tasks are correctly performed, a study of
normal children was undertaken. The responses of children to the tace-hand
test and to simultaneous tactile tests of other body parts were ascertained.

SUBJECTS AND METHOD

Three hundred normal children between the ages of three and 15 were
examined. They were from a neighborhood child care center, from the wards
and clinics of Bellevue Hospital, and children of neighbors and friends. They
were without manifest disorder of the nervous system. A few children at
two and a half years of age were included in the three year age group, but
younger children were generally not able to comprehend the test.

The subjects were examined individually, but there were many who were
examined in a day-room in full view of other children. The child was engaged
in play and when toys were available they were used to gain his confidence
and interest. At some time during play, the face-hand test was introduced.
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For the ftace-hand test, the child was told: “I (examiner) am going to
touch you,” and he was to “touch the same place I touch.” He was asked to
close his eyes. The examiner, with the fingers, then touched simultaneously
a cheek and the dorsum of the contralateral hand of the subject. The child
was asked what he felt, and to point to the sites stimulated. After this re-
sponse, the child was asked to close his eyes again, and now the opposite
cheek and hand were similarly stimulated and the report recorded. If only
one response was given to this trial, the child was asked if there had been
another stimulus anywhere else.

Following these two trials, the cheek and hand on the same side of the body
were tested in a similar fashion. The fifth and sixth trials were not of asym-
metric body parts but simultaneous stimulation of both cheeks or both hands.
The tollowing various types of stimulation were used: heterologous stimula-
tion of asymmetric body parts on opposite sides, as right cheek and left hand;
homolateral stimulation of asymmetric body parts on the same side of the
body, as right cheek and right hand; and homologous stimulation of symmetric
body parts, as both cheeks or both hands. Such tests were repeated in each
child until at least ten trials were recorded. Subsequent tests of other body
parts, performed in a similar tashion, were introduced until at least 20 con-
secutive trials were observed in each subject.

A number ot modifications had to be introduced for young children. Many
would not play the game with eyes closed, but insisted on keeping their eyes
open. In such cases the tests were applied with eyes open. Also, a large num-
ber ot three and four year old children insisted on pointing to the examiner’s
hands and tace on the initial trials. For these children, a few trials of single
touch stimuli applied to the thigh, chest or hand were introduced, until they
orasped the concept of pointing to their own bodies after the stimulation.
These single trials were carried out with eyes open.

Atter the series of double simultaneous stimulation tests were completed,
single stimuli were applied to various body parts to exclude from the normal
group any subjects with focal sensory difficulties.

The children were asked what they had felt and to point to the places
stimulated. Verbal reports of the locus ot stimulation were not accepted. It
was occasionally noted that children would correctly name the parts stimu-
lated, i. e., the cheek and hand, but then point to both cheeks, or to two places
on one cheek. It seemed as it naming the locus yielded more accurate re-
sponses than did pointing.

These tactile tests were repeated on consecutive days, or subsequently
after a lapse of a few days or weeks in some children. At such times, cutane-
ous stimuli other than light touch were added to the testing. These included
repetitive touch (rubbing), single pin prick, and repetitive pin pricks.

RESULTS

Incidence of errors: Young children made many errors on face-hand tests.
Eighty per cent ot children under the age of six failed to localize both stimuli
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during the initial ten trials of the face-hand test; many of these even with
eyes open. In the older children the number of failures tell sharply (graph 1)
so that only 2 per cent of children in the 11 to 15 year age groups continued
to make errors after the initial ten trials. Apparently the ability to identity
two simultaneously applied tactile stimuli was directly related to the age of
the child. This ability was also related to the number of previous trials ot the
face-hand test. In table 1 the trial of the test atter which the child was con-
sistently correct is recorded. The last column of the table includes all the
subjects who made errors in the first ten trials, and on many trials of the test
beyond the tenth. Graph 2 illustrates this relation for selected age groups.

Type of testing: In these studies homolateral and heterologous stimulations
were carried out at random. Errors were made by subjects ot all age groups
in tests of either type. Homologous tests, such as both cheeks, or both hands,
randomly interspersed in the testing atter the tourth trial, elicited correct re-
sponses in nearly all cases. While this served as a clue to some of the older

TABLE 1

NUMBER OF TRIALS OF THE FACE-HAND TEST NECESSARY FOR PERSISTENT
CORRECT RESPONSES

(Touch Stimuli)

Total Number Trial Correct Errors Beyond
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children that two stimuli were being applied, it did not seem to alter the
results in the younger children. In these subjects subsequent trials of the
tface-hand test were incorrectly reported, even though the responses to the
symmetric stimuli had been correct. The perception of symmetric stimuli was
much better than asymmetric stimuli.

Subsequent testing: Of the total group of children studied, face-hand
tests were repeated at varying intervals subsequent to the initial testing in
40 children. Of the children under the age of six, subsequent testing elicited
the same difliculties with face-hand tests as was evident on the initial exam-
ination. In a tew children over six years of age, who seemed to have grasped
the concept of two stimulations in the initial testing, errors were manifest on
subsequent days. It was as if many trials were necessary for successful learn-
ing of the task, and then, even though the task was successfully completed,
the learning was temporary. These observations are in contrast to those made
in normal adults, in whom subsequent testing did not elicit the errors of the
initial test.l

Type and pattern of responses: The errors (table 1) made by children on
repeated trials of the face-hand test were of six types: (a) a touch on the
cheek only, implying no perception in the hand; (b) a touch on each cheek,
implying a mislocalization of the stimulus applied to the hand; (c¢) a touch
on the cheek, and a second touch on the shoulder, neck or elbow, implying
a partial mislocalization of the stimulus applied to the hand; (d) a touch on
the hand only, implying no perception in the cheek; (e) a touch on each
hand implying a mislocalization of the cheek stimulus to the hand; and (f)
one or two touches on the examiner’s body, implying a mislocalization away
from the child’s body.

Face dominance (responses a, b, ¢) was apparent in all age groups. It was
most manifest as extinction® of the stimulus to the hand (response a), and
was seen in 62 per cent ot the errors. Mislocalization of the hand stimulus to
the cheek (displacement) was observed in 31 per cent of the errors. While
most ot the displacements were observed in tests involving cheek and hand
on opposite sides of the body, 7 per cent of the errors were displacements
from the hand to the cheek in the simultaneous stimulation of homolateral
body parts, e. g., right cheek and right hand. At such times the child pointed
to the cheek once, saying “a touch here,” and then, moving his fingers 2 to 3
centimeters lower on the cheek, saying “and here.”

Other types of displacement were infrequent. There were partial displace-
ments from the hand to the shoulder or neck. Mislocalization of a stimulus
across the midline of the body, known as allesthesia,® was occasionally appar-
ent in the stimulus to the hand on heterologous testing. Furthermore, children

*The failure to report one of two simultaneous stimulations has been called “extinction”
of a stimulus.? The mislocalization of a percept to the homologous body part of the second
stimulus is called “displacement.” The mislocalization of a percept in the direction of the
second stimulus is called “partial displacement.” In each instance, the stimulus which is
correctly reported is said to be “dominant.”
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under five years of age frequently mislocalized the initial stimulation away
from their body to parts of the examiner’s body or into space (response f).
This phenomenon, known as exosomesthesia.* persisted in some children de-
spite repeated stimulations with the child’s eyes open, and despite the exam-
iner’s insistence that it was the child who had been touched.

Another phenomenon was seen during homolateral testing. The child re-
ported only the stimulus applied to the cheek. If the examiner asked insistent-
ly, “Did you feel another touch anywhere else?”, a number of children hesi-
tatingly pointed to the symmetrical point in the cheek on the opposite side
ot the body. In order to determine whether this was a unique or a systematic
phenomenon, tests of other body parts were carried out. In homolateral tests
of toot and hand, shoulder and hand, and cheek and foot, the same phenom-
enon was observed. The child first reported only the foot, the shoulder or
the cheek—and then, when the examiner insisted on a second locus, pointed
to the opposite foot, shoulder or side of the face.

Furthermore, in some young children the phenomenon appeared on single
stimulation. Single stimuli applied to any body part were localized correctly.
It the examiner then insisted that there had been a second stimulus, the child
pointed hesitatingly to the symmetric part on the opposite side of the body.

As already indicated, hand dominance (responses d and e) was infrequent.
It was observed in 7 per cent of the errors on face-hand tests. In all subjects
in whom it was apparent, subsequent trials of the face-hand test manifested
the pattern of face dominance.

Relation of hand and foot: In tests of parts of the body other than the face
and hand, the hand was always least dominant and the cheek the most. Simul-
taneous tests of toot and hand, the foot-hand test, were introduced after the
initial ten trials of the face-hand test in most children. In the foot-hand test,
foot dominance was apparent in 51 per cent of the responses (see table 2).
It was demonstrated by hand extinction, by displacement of hand stimuli to
the foot, and by partial displacement to the thigh, knee and leg.

TABLE 2
FOOT-HAND TEST

(Touch Stimuli)

Total
Stimulation Trials Responses
Foot- Partial Hand-
Correct Foot Hand Foot Ft.-Ft. Hand
Bilateral 53 21 4 1 1 10 2 J,
Ipsilateral 48 23 16 3 3 3 0

Other stimuli: A small group of children who made errors in tests repeated
at varying intervals were examined with other cutaneous stimuli. Extinction
and displacement phenomena were present in face-hand tests using pin prick,
repetitive pin prick and repetitive touch (rubbing) stimulations. While the
number of errors with these stimuli were fewer than with touch stimuli, the
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pattern of face dominance and hand extinction was still apparent.
DISCUSSION

The ability to identity and localize simultaneous stimuli separated from
each other at some distance is a complex function which gradually develops
during the first decade ot lite. It is a relatively unstable ability, for many
changes in the state of the organism can disturb such discriminations. Focal
cerebral disease as in hemiplegia® or parietal lobe lesions,? spinal cord lesions,”
and diffuse brain diseases such as toxic states, senility and inflammatory con-
ditions® can so alter tactile discrimination that the phenomena of extinction
and displacement become prominent. Errors in simultaneous tactile tests are
apparent in normal adults during the initial few trials of the test—during the
period of learning.! Persons subjected to large doses ot barbiturates.® electro-
shock therapy® or anesthesia® also manitest such inability.

A prominent feature in all groups is the uniformity of tace dominance.
When discrimination of simultaneous stimuli is interfered with, for whatever
reason, the errors are made in the stimuli to the hand and not in the stimuli
to the face. The corollary of “face dominance™ is “hand extinction.” It, too,
is apparent in all subjects and under the variety of conditions studied. Fur-
thermore, in an “order of dominance” other body parts are between these two
limits. Studies in patients with hemiplegia® and patients with severe mental
changes as a result of brain disease® have revealed an order of dominance
of face-shoulder-trunk-thigh-foot and hand. Insotar as these other body parts
were studied in these children, a similar order was observed. Since dominance
is evident in young children, it appears that the pattern of dominance is an
inherent function of the organism. This childlike way of responding to simul-
taneous tactile stimuli is exposed and exaggerated in adults under a variety
of pathologic conditions.

Recently Cohn has suggested a theory of rostral dominance to explain these
observations.® Our observations are not in accord with such a theory. The
dominance of the foot to the hand in children, as well as the dominance ot
penis, buttock, foot and thigh to the hand in two large series of patients with
diffuse brain dysfunction,®® make such an explanation untenable.

Comparison of findings in normal children with findings in patients with
organic mental syndrome: On comparing the findings in children with those
previously reported in patients with severe mental changes due to brain dys-
function,® a close similarity in performance is observed. In both groups the
ability to discriminate simultaneous stimuli is limited. On non-homologous
tactile tests, such as the face-hand test, errors are made on initial and sub-
sequent trials. While extinction of a stimulus is the most frequent error, dis-
placement is common. In both children and patients, errors occur with a
variety of cutaneous stimuli. Furthermore, testing may frequently be done
with eyes open, and in many instances with repeated verbal clues that there
are two stimuli, and still errors are made. The factor ot learning is not prom-
inent since testing on subsequent days will elicit the previous patterned errors.
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In Gestalt terms, patients with organic mental defects and children have diffi-
culty in extracting a complex sensory “figure” from the “background” of the
total sensory “field.” Significantly in each group there is no difficulty in iden-
titying simultaneous stimuli if the stimuli are applied in symmetric regions
ot the body, such as each hand or both sides of the face. Here, each stimulus
figure has a common background in terms of body image, namely the hand.!®

Face dominance is apparent in both groups. It is manifest not only on
tests of tace and hand but also on tests of face and other body parts. Also,
insofar as it was tested, the order of dominance for other body parts is similar.

While extinction and displacement are the most frequent types of error,
other phenomena are elicited in both children and patients. Partial displace-
ments, e. g., the mislocalization of the percept from the hand to the shoulder
or neck on the tace-hand test, are occasionally observed. The phenomena of
allesthesia and exosomesthesia are seen in the more severely affected patients
and in the youngest children; both are frequently associated in the same sub-
jects. In allesthesia, the subjects usually localize the cheek stimulus correctly
but mislocalize the hand stimulus to the opposite hand or elbow.. In exo-
somesthesia, the stimuli are mislocalized either to space in front of the subject
or to the examiner’s body. This phenomenon was frequent in the youngest
children, and despite the examiner’s urging that the child point to its own
body, the child persisted in such mislocalizations until a trial of the face-hand
test was performed with eyes open.

In addition to these phenomena which appear spontaneously, patients with
organic mental syndrome also manifest another response to simultaneous stim-
ulation first noted in children, i. e., on homolateral testing only one stimulus
(the cheek) is spontaneously reported; but when the examiner insists, the
second is mislocalized to the opposite cheek. Since the patients show so many
similarities to young children in their responses, it was predicted that they
would also show this phenomenon. In a series of patients with severe mental
changes, homolateral tests of the cheek, hand, foot, shoulder and thigh were
applied. When only one stimulus was reported, the examiner asked for the
locus of the second stimulus. Responses were obtained in 20 per cent of the
patients, and in each one the second stimulus was mislocalized to the Sym-
metric body part. Furthermore, in some subjects the same phenomenon was
observed with single stimulation.

This phenomenon appears to be similar to the completion phenomenon
described in Gestalt literature as “closure” and “good continuation.” These
are usually described for other sensory modalities. When a circle is tachisto-
scopically exposed in the visual field so that half falls on a hemianopic field,
or if a cross is exposed so that the center falls in the blind spot, many subjects
report a complete circle or cross. This “completion” occurs for “good” figures.
In simultaneous tactile studies, symmetric figures appear to be the “good” or
“strong” figures.
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CONCLUSIONS

1. Ability to identify and localize asymmetric simultaneous tactile stimuli
develops gradually during the first decade of lite, and is present in 80 per
cent of normal children by the age of eight. Symmetric stimuli are more
readily localized and this ability is well developed in normal three year old
children.

2. The errors on asymmetric (bilateral and ipsilateral) stimulation involve
either extinction (only one of the two stimuli is reported), or displacement
(one or both stimuli are mislocalized). Whenever extinction and displace-
ment occur, stimuli to the face tend to be correctly reported. This tace dom-
inance is found at all age levels tested.

3. One can conclude that extinction and displacement of tactile stimuli,
as well as face dominance, constitute a normal and consistent pattern of re-
sponse in children. In addition to these responses one can observe, in chil-
dren under six years of age, the phenomena of allesthesia, exosomesthesia and
partial displacement as normal reactions to simultaneous tactile stimulation.

4. The difficulties in recognition of simultaneous tactile stimuli, as shown
by young children, reappear in the same fashion in adult patients with focal
or diffuse dysfunction of the brain. The abilities of tactile discrimination ac-
quired by the child during growth are lost by the adult who develops mental

changes as a result ot cerebral damage.
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1.
INTRODUCTION:

Normal adults readily identify and localize tactile stimuli
epplied simultaneously to the face and the hand (the "face-hand
test”) (1). While half the subjects are incorrect on the initial
trial, all are correct by the tenth trial of the test. Young
children, however, find this task of identifying and localizing two
gkin stimulations difficult. They report only one of the two
stimuli, or if they report the two, frequently mislocalize one of
them (1). The omission or‘mlmunuon of stimull is not
haphazard but follows a consistent pattern in which stimuli to the
face are readily appreciated ("most dominant") while those to the
hand are not ("least dominant").

In order to determine the age at which such tactile perceptual
tasks are correctly performed and the pattern of "dominance" in
children, a study of normal children was undertaken. The responses
of children to the face-hand test, and to simultaneous tactile tests
of other body parts, were ascertained.

SUBJECTS AND METHOD;:

Three hundred mormal children between the ages of three and
fifteen were examined. They were children from a neighborhood child
care center, from the wards and clinics of Bellevue Hospital, and
children of neighbors and friends. They were without manifest
disorder of the nervous system. A few children at two and a half
years of age were included in the three year age group, but
generally, younger children were not able to comprehend the test.

The children were examined individually, but there were many
who were examined in & day-room in full view of other subjects. The
child was engaged in play and when toys were available they were
used to gain the child's confidence and interest. At some time during
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the play, the face-hand test was introduced.

For the face-hand test, the child was told: "I (examiner)
am going te touch you," and he was to "touch the same place I
touch.” He was asked to close his eyes. The examiner, with his
fingers, then simultaneously touched a cheek and the dorsum of the
contralateral hand of the subject. The child was asked what was
felt, and to point to the sites stimulated. After this response,
the child was asked to close his eyes again, and now the opposite
cheek and hand were similarly stimulated, and the report recorded.
If only one response was given to this trial, the child was asked
if there had been another stimulus "anywhere else.”

Following these two trials, the cheek and hand on the same
side of the body were tested in a similar fashion. The fifth and
sixth trials were not of asymmetric body parts but simultaneous
stimulation of both cheeks or both hands. These various types of
stimulation were used - "heterologous” stimulation of asymmetric
body parts on opposite sides, as right cheek and left hand;
"homolateral” stimulation of asymmetric body parts on the same side
of the body, as right cheek and right hand, and Yhomologous"
stimulation of symmetriec body parts, as both cheeks or both hands.
Such tests were repeated in each child until at least ten trials were
recorded. Subsequent tests of other body parts, performed in a
similar fashion, were introduced until at least 20 consecutive
trials were observed in each subject.

A number of modifications had to be introduced for young
children. Many would not play the game with eyes closed, but insisted
on keeping their eyes open. In such cases the tests were applied
with eyes open. Also, & large number of three and four year old



children insisted on pointing to the examiner's hands and face on
the irntial trials. For these childran, 2 few trials of single
touch stimulli applied to the thigh, chest or hand were introduced,
until they grasped the concept of pointing to their own body alfter
the stimulation. These single trials were carried out with eyes
open.

In each child, after the series of double simultaneous
stimulation tests were completed, single stimuli were applied to
various body parts to exclude any subjects with focal sensory
difficulties from the normal group.

The children were asked what they had felt and to point to
the places stimulated, Verbal reports of the locus of stimulation
were not accepted. It was occasionally noted that children would
correctly name the parts stimulated, i1.e., the cheek and hand,
but then point to both cheeks, or to two places on one cheek. It
seemed as if naming the locus ylelded more sccurate responses than
did pointing.

These tactile tests were repeated on consecutive days, or

subsequently after a lapse of a few days or weeks in some children.

At such times, cutaneous stimuli other than light touch were added
to the testing. These included repetitive touch (rubbing), single
pin prick, and repetitive pin pricks.
RESULTS ;

Incidence of Errors: Young children made many errors on
face-hand tests. n;ht]m ¢ent of children under the age of six
failed to localize both stimuli during the initial ten trials of

3.

the face-hand test; many of these even with eyes open. In the older

children, the number of failures fell sharply (Graph I) so that
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continued to make errors after the initial ten trials. Apparently
the ability to identify two simultaneously applied tactile stimuli
was directly related to the age of the child.

This ability was also related to the number of previous
tria ls of the face-hand test. In Table I, the trial of the test
after which the child was consistently correct is recorded. The
last column of the Table includes all the subjects who made errors
in the first ten trials, and on maény trials of the test beyond the
tenth. Oreph II illustrates this relation for selected age groups.

Iype of Testing: In these studies homolateral and heterologous
stimulations were carried out at random. Errors were made by
subjects of all age groups in tests of either type. Homologous
tests, such as both cheeks, or both hands, randomly interspersed in
the testing after the fourth trial, elicited correct responses in
nearly all cases. Ullle this served as a ¢lue to some of the older
children that two stimuli were being applied, it did not seem to
alter the results in the younger children. In these subjects
subsequent trials of the face-hand test were incorrectly reported,
even though the responses to the symmetric stimuli had been correct.
The perception of symmetric stimuli wae much better than asymmetric
stimuli,

Subsequent Testing: Of the total group of children studied,
face-hand tests were repeated at varying intervals subsequent to the
initial testing in 40 children. Of the children under the age of
81x, subsequent testing elicited the same difficulties with face-hand
tests a8 was evident on the initial examination. In a few children
over 6 years of age, who seemed to have grasped the concept of two
stimulations in the initial testing, errors were manifest on
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subsequent days. It wae as 1if many trials were necessary for
successful learning of the task, and then, even though the task was
successfully completed, the learning was temporary. These
observations are in contrast to these made in nermal adults, in
whom subsequent testing did not elieit the errors of the initial
test (1).

Iype 8nd Pattern of Responses: The errors (Table I) made
by children on repeated trisls of the face-hand test were of six
types: (a) & touch on the cheek only, implying no perception in the
hand; (b) a touch on each cheek, implying a mislocalization of the
stimulus applied to the hand; (c¢) 2 touch on the cheek, and a second
touch on the sh oulder, neck or elbow, lmplying a partial mislocaliza-
tion of the stimulus applied to the hand; (d) a touch on the hand
only, implying no perception in the cheek; (e) a touch on each hand
implying & mislocalization of the cheek stimulus to the hand, and
(f) one or two touches on the examiner's body, implying a mislocaliza-
tion away from the child's body.

Face "dominance"” (responses a, b, &) was apparent in all age
groups. It was most manifest as extinction* of the stimulus to the
hand (response 2), and was seen in 628 of the errors. Mislocalization
of the hand stimulus to the cheek (displacement) was observed in 31%
of the errors. While most of the displacements were observed in
tests involving cheek and hand on opposite sldes of the body, 7% of
the errors were displacements from the hand to the cheek in the

N *he ure tTo repor Dne o WO simultaneocus malations nas
been called "extinetion" of a stimulus. The mislocalization of a
gorupt to the homologous body part of the second stimulus is called
displacement." The mislocalization of a percept in the direction of
the second stimulus 1s called "partial displacement.” In each instance,
the stimulus which 12 correctly reported is said to de "dominant."




6.
simultaneous stimulation of homeolateral body parts, e.z. right cheek
and right hand. At such times the child would point to the cheek
once, saying "a touch here,” and then, moving his fingers 2-3 cms.

lower on the cheek, say, "and here."

Other types of displacement were infrequent. There were
partial displacements from the hand to the shoulder or neck.
Mislocalization of & stimulus ascross the midline of the bedy, known
28 allesthesla (3) was occasionally apparent in the stimulus to the
hand on heterologous testing. Furthermore, children under five
years of age frequently mislocalized the initial stimulation away
from their body te parts of the examiner's body or into space
(response £). This phenomenon, known as exosomesthesia (1), persisted
in some children despite repeated stimulations with the child's eyes
open, and despite the examiner's insistence that it was the child
that had been touched. |

Another phenomenon was seen during homolateral testing. The
c¢hild would report only the stimulus applied to the cheek. If the
examiner asked insistingly, "Did you feel another touch anywhere
else?” 2 number of children would hesitatingly point to the
symmetrical point in the cheek on the opposite side of the body. In
order to determine whether this was a unique or a2 systematic
phenomenon, tests of other body parts were carried out. In homolateral
tests of foot and hand, shoulder and hand, and cheek and foot, the
same phencmenon was observed. The child first reported only the
foot, the shoulder or the cheek - and then, when the examiner insisted
on a second locus, pointed to the opposite foot, shoulder or side of
the face.

Furthermore, in some young children, the phenomenon appeared
on single stimulation. Single stimuli .lppuod to any body part
would be correctly localized. If the examiner now insisted that
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there had been a second stimulus, the child pointed hesitatingly
to the symmetric part on the opposite side of the body.

As alrveady indicated, hand deminance (responses d and e)
was infrequent. It was observed in 7% of the errors on face-hand
tests. In all subjects in whom it was apparent, subsequent
trials of the face-hand test manifested the pattern of face
dominance.

Relation of Hand and Foot: In tests of parts of the body
other than the face and hand, the hand was always least dominant
and the cheek the most. Simultaneous tests of foot and hand, the
foot-hand test, were introduced after the initial ten trials of
the face-hand test in most children. In the foot~hand test, foot
dominence was apparent in 51% of the responses (see Table 1I).

It was manifest by hand extinetion; by displacement of hand stimuli
to the foot; and by partial displacement to the thigh, knee, and
leg.

Other Stimuli; A small group of children, who made errors
in tests repeated at varying intervals were examined with other
cuteneous stimuli. Extinection and displacement phenomena were -
present in face-hand tests using pin prick, repetitive pin prick
end repetitive touch (rubbing) stimulations. While the number of
errors with these stimuli were fewer than with touch stimuli, the
pattern of face dominance and hand extinction was still apparent.
DISC ON

The ability to ideatify and localize simultaneous stimull
gseparated from each other at some distance is a complex funetion
which gradually develops during the first decade of life. It is
a relatively unstable ability, for many changes in the state of the
organism can disturb such diseriminations. Focal cerebral disease
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@s in hemiplegia (5) or parietal lobe lesions (2); spinal cord
lesions (2a); and diffuse brain diseases as toxic states, senility
and inflammatory conditions (6) can so alter tactile diserimination
that the phenomena of extinctlion and displacement become prominent.
Errors in simultaneous tactile tests are apparent in normal adults
during the initial few trials of the test -- during the period of
"learning” (1). Persons subjected to large doses of barbiturates
(6), electro-shock therapy (6) or anesthesia (7) also manifest such
inability. '

A prominent feature in all groups is the uniformity of face
dominance. When discrimination of simultaneous stimuli is
interfered with, for whatever reason, the errors are mede in the
stimull to the hand and not in the stimuli to the face. The
corollary of "face dominance” 1s "hand extinction." 1It, too, is
apparent in all subjects and under the variety of conditions studied.
Furthermore, in an "order of dominance” othdr body parts are
between these two limits. Studies in patients with hemiplegia (5)
and patients with severe mental changes as 2 result of brain
disease (6) have revealed an order of dominance of face-shoulder-
trunk-thigh-foot and hand. Insofar as these other body parts were
studied in these children, & similar order was observed. Since
dominance is evident in young children, 1t appears that the pattern
of dominance is an inherent function of the organism. This
chidlhood way of responding to simultaneous tactile stimuli is
exposed and exaggerated in adults under a variety of pathological
conditions.

Recently Cohn has suggested a theory of rostral dominance to
explain these observations (8). Our observations are not in accord
with such a theory. The dominance of the foot to the hand in
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children, ag well as the dominance of penis, buttock, foot and thigh
to the hand in two large series of patients with diffuse brain
dysfunction (6, 9) make such an explanation untenable.

Comparison of Fi 8 in Normal Children with Pindings in
Patients WIth ORgamis Nenthl Syndremer .-

On comparing the findings in children with those previously
reported in patients with severe mental changes due to brain dysfunction
(6), a close similarity in performance is observed. In both groups
the ability to discriminate simultaneous stimull is limited. On
non-homologous tactile tests, such as the face-hand test, errors are
made on initial and subsequent trials. While extinction of a stimulus
is the most frequent error, displacement is common., In both children
and patients, errors occur with a variety of cutaneous stimuli.
Purthermore, testing may frequently be done with eyes open, and in
many instances, with repeated verbal clues that there are two
stimuli and still errors are made. The factor of learning is not
prominent since testing on subsequent days will elicit the previous
patterned errors. In Gestalt terms, patients with organic mental
defects and children have difficulty in extracting a complex sensory
"figure" from the "background"” of the total sensory "field."
Significantly in each group there is no difficulty in identifying
simultaneous stimuli if the stimuli are applied in symmetric regions
of the body, such as each hand or both sides of the face. Here, each
stimulus figure has a common background in terms of body image, namely,
the "hand." (10),

In both groups, face dominance is apparent. It is manifest not
only on tests of face and hand but also on tests of face and other body
parts. Also, insofar as it was tested, the order of dominance for
other body parts is similar.

While extinction and displacement are the most frequent types
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of error, other phenomena are elicited in both chlldren and patients.
partial displacements, e.g. the mislocalization of the percept from
the hand to the shoulder or neck on the face-hand test, are occasionally
observed. The phenomena of "allesthesia" and "exosomesthesia" are
geen in the more severely affected patiets and the youngest children;
both are frequently associated in the same subjects. In allesthesia,
the subjects usually localize the cheek stimulus correctly but
mislocalize the hand stimulus to the opposite hand or elbow. In
exosomesthesia, the stimuli are mislocalized either to space in front
of the subject or to the examiner's body. This phenomenon was
frequent in the youngest children, and despite the examiner's urging
the child to point to its own body, the chlld persisted in such
mislocalizations until a trial of the face-hand test was performed
with eyes open.

In addition to these phenomena which appear spontaneously,
patients with orgenic mental syndrome also manifest another response
to simultaneous stimulation first noted in children, i.e., on
homolateral face-hand testing only one stimulus (the cheek) 1is
spontaneocusly reported; but when the examiner insiste, the second 1is
mislocalized to the opposite cheek. Since the patients show so many
similarities in thelr responses to young children, it was predicted
that they would also show this phenomenon. In a series of patients
with severe mental changes, homolateral tests of the cheek, hand,
foot, shoulder and thigh were applied. When only one stimulus was
reported, the eaminer asked for the locus of the second stimulus.
Responses were obtained in 20% of the patients, and in each one the
second stimulus was mislocalized to the symmetric body part.
Purthermore, in some subjects the same phencmenon was observed with
single stimulation.
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This phenomenon appears to be similar to the completion
phenomenon described in Gestalt literature as "closure" and "good
continuation.” These are usually described for other sensory
modalities. When a circle is tachistoscopically exposed in the
visual field so that half falls on a hemianopic field, or if a cross
is exposed so that the center falls in the blind spot, many
subjects report a complete circle or cross. This "completion"
occurs for "good" figures. In simultaneous tactile studies,
symmetric figures appear to be the "good" or "strong" figures.
CONCLUSIONS:

: 1. Ability to identify and localize asymmetric simultaneous
tactile stimull develops gradually during the first decade of life,
béing present in 80% of normal children by the age of eight years.
Symmetric stimuli are more readily localized and this ability is
well developed in normal three year old children.

2. The errors on asymmetric (bilateral and ipsilaterd!)
stimulation involve either extinction (only one of the two stimuli
is reported), or displacement (one or both stimuli are mislocalized).
Whenever extinction and displacement occur, stimuli to the face tend
to be correctly reported. This "face dominance" is found at all age
levels tested.

3. One can conclude that extinction and displacement of
tactile stimuli, as well as face dominance, constitute a normal
and consistent pattern of response in children. In addition to
these responses one can observe, in children under six years of age,
the phenomena of allonthosii, exosomesthesia and partial displacement
as normal reactions to simultaneous tactile stimulation.

4. The difficulties in recognition of simultaneous tactile
stimuli, as shown by young children, reappear in the same fashion
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in adult patients with focal or diffuse dysfunction of the brain.
The abilities of tactile discrimination acquired by the child during
growth are lost by the adult who develops mental changes as 2 result

of cerebral damage.
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Number of Trials of the Face-Hand Test Necessary for Persistent

Age
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of Subjects
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TABLE 11

Foot-Hand Test
(Touch Stimull)

STINULATION  TOTAL RESPONSES
TRIALS
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Foot Ft.-Ft. Hand
Bilateral 53 21 17 1 10 2 2

Ipsilateral 48 a3 16 3 3 3 0
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Assoeclation in 1950 & simple tacti mt—m:mmtat-m
deseribed (1), In } test, a cheek and a hand of the sub t are
simultaneously stimulated pin prick or t touch s + Half of
normal adult subjects fail correctly and localize the two
mummmwmummt. The errors are two types:
R) failure to report one of the stimuli “extinetion”); (b
ocalization og’mmw t: mu:u, Imnir é.m the hand ‘::‘th; cheek

lacement” ), subsequent trials face-hand
umnnan»mmm-mmwmmum.mhg
persist in making errors.

lzruu simultaneous tactile @

subjec
through many trials of the test. tion and displacement phencmena
are prominent, umlmmmu&mwm.

These observati ons were rirst published in | form in the
1950 Transactions of the American Neurological mnutzu (). A
detalled report appeared WI{ (2). This report formed the

mmwhmucwu mmimu studied;
1 tients with o ' ) II) normal chi ,
(et o S S (o) R S
sion anxiety.

I.

e 516N Al
kil B st s THAR O

(n)MM—lmtutuummumlm:

luding central Their aiffri-
culties with tactile tests were found to be similar. It was concluded
that the difficulty in identifying the stimuli was not related to the
cause of the mmm,utumuu-mwm

suffering from cerebral A lasm
intoxications, cerebrovascular diseasges, and tory states
: tem lnhui. were studied.

 DICHE

ol Lthe Neth .
on, MNed. Clin.
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mcmmmommmmrmnmmm
normal adults. A large mumber of patients with other psychotiec and
severe psychoneurotic reactions were studied at Bellevue Hospital.
mmummnm«mmmmtmtm»
be like the responses of normal adults (ef. section IV below).

To appraise the value of the face-hand test in the diagnosis
«mammm.umnammmumm ittty

in
admitting room. The face-hand test was applied as the initial item of

the interview. In each case where errors were persistent on repeated
mm«mmt,mmuwmumm was nade.
mr{“mh instance this conclusion was supported subsequent
¢ interview,
These observations on the face-hand test as a tic sign
of organic mental P were presented at the meetl the Academy

11, 1951, and subsequently submit for

of Neurol on
mnuu:' (3).

»f Response: num with wm. mental changes made many
tion was most common,
in all pluutl. mgum phenomena were seen less
s &nd four types u{ described. Complete displacement, or
in the hand to the cheek occurred in 408
mt, or mmmuuu from hand to

hmﬁn:lumuuxn'nuu ' i.’z.m..m ,w‘um

lnt:muwhmwwwm. %Wmut
haphazard but consistent, patterned and predic

was not previousl bed, it was named "exosomesthesia®™ and a report
is now in preparation (4).

R
N B ™

. the face-hand test, no such relation was noted.
There wee & relation between the severity of the and the

tmmm.dmm. The less common of displacement
WW allesthesia and exosomesthesia) were apparent only
mmmuiuum».

Sodium smytel was administered intravenously to patients with
mild mental ¢ mm.tummmtm t. With

where these been abeent. m a8 the effect of
in

Jects persi.
sceasionally displacement of were reported on uml le mu
the m—“m m -

of in performences of
and patients mumw WAR i 3
m}p:‘ - . W reported in part ( ;
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: grent Stimulls; While most of these obzenations were
WIUR Light Toueh STIMUIY, " nmumber of patients were subjected to

extensive studies with other cutanecus stimuli., Pin prick, repetitive

Eia prick, tuning fork, and temperature tube stimulations were used.

ti |

and thigh also yielded extine
disp " Aum:uum-mmm«mmm
mmumnmummum. or whether errors were more

mmw 1y more frequent in hand. In every combination
of parts :

8l aum!‘mr , :

therefore d to be parte

bast dominant, on simultaneous tacti tests. This order of dominance - of
cheek, tg:uzm. bis, shoulder, trunk (breast, sbdomen, back), buttock,
foot, gh hand - seen in patien with organic mental s s 8
mmmummummrwmumn»m +* I
umowtmmmmmmnm{::.mﬁoux
below)., report of this statistical study is now 4

of tm:im mw; of m&u«
noereas
v wntil 808 of

open.
-la.x g:’l”m errovs fell off lzi.‘ll
‘h:“um ‘mm of years could identify the two correctly

The errors were persistent for asymmetric stimuli (1.0., face
&nd hand, foot and hand). Symmetrie simulteneous stimuli (e.g. hand-nand)

L e gt
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were correctly identified by three yeer old children.

MMmcmrﬂmt. mumuarammm
were not consistently oarried out, tes of foot and hand were. In
this combination dominance was significant

It was concluded that extinetion and ua&mmt of tactile
stimuli, as well as face and foot domi tute & norual and

pattern of response in miam.ammumm

types of dispplacement are normael reac ne in ‘ under six

of age. These findings were compared with the {indings in patients with

wcmmnmmumomammtmmu

tactile diserimination acquired by the child h, are lost by

mmzmmxmmmmuumtam .
This be presented at the meeti of the

muw.tumg ‘ 1952) in 1 s and

April e, Kentue
will be submitted for publication in She jowrnal "Neurology" (7).

i.e,, the lower the mental age the more errors « it was con-
¢luded that the face-hand test reflected the same performance ability as
did the Stanford-Binet test.

IV. Psyehistric States;

As part of the originel s » the face-hend test was spplied
toamamatnm»m::aun. ir :

ilke normal adults (2). In the evalustion of the test &s 2 diagnostic
aid itients with hysteria, smmesia, psychic depression and severe

n:i were studied. Their responses, also, were more like normal
adults than the responses of patients with ¢ psychoses. Patients
with depressioc n or schizophrenis, subjected to electro-convulsive therspy
were examined. It was noted that the treatment induced ¢ in per-
formence on the fage-hand test which were tramsient. Fatients subjected
to frontal lobe "t tomy"” operati mmmmm:: es



1.

2.
3.
4.
5.
6.

7
a.

2.

& 355, 1991,

m, M. and BENDER, H.B.: The face-hand test as &
tie sign of orgenic mentsl syndrome. Meurclogy, 2: 1952.

mnﬂ. K.P., ’m, W, and m' MN.B.: Exosomes “‘ or the
displacement of sensation into extra-persomsl space. (in preparation).

BENDER, M.B., NATHANSON, M., FINK, N. and GREEN, M.; Bffect of
barbiturates on perception. (in preparation).

M., VINK, M., ond BENDER, M.B.; Patterns of dominsnce in
M tile tests :l.ayatmu with organic mental syndrome.
in preparation).

M. and BENDSR, M.B.: Deve t of of simultenecus
e P b g B} 'zu Daretion),

M,, GREEN, H. and BENDER, M.B.: Perception of simul
tectite Seimalt by mentally retarded adults (in preparation).

BENDER, u.a. and FINK, H.3: Tactile mmm mu m m Mmml
W payechiatric disorders. Journ. of Hillside Hospital, 1:
¥




Spinal Fluid Findings
Following Cerebral Angiography

Joseph M. Stexn, M.D. and Max Fink, M.D.

WirH increasing use of cerebral angiography, the problem arose as to whether
the procedure, of itself, produced changes in the cerebrospinal fluid. Forty-
eight hours after angiography a spinal fluid examination in a patient suspected
of a brain tumor revealed a cloudy fluid with 3,000 white blood cells per
cu. mm. Prior to angiography the fluid had been clear, colorless and without
any cells. As no information concerning the relationship of pleocytosis to
angiography was available, it was decided to study the changes in the spinal
fluid by the usual clinical methods.

Spinal fluids from 21 patients were examined prior to and following an-
giography. Lumbar punctures prior to angiography were done at various in-
tervals, but all punctures following angiography were performed between 12
and 24 hours after the procedure. In each instance the spinal fluid was exam-
ined for color, cell count and total protein content.

All angiograms were percutaneous, using 35 per cent Diodrast as the con-
trast medium. Maximal Diodrast volume was 70 ml. at one procedure. While
the majority of patients were subjected to unilateral carotid punctures, bi-
lateral punctures were done in four, and combined bilateral carotid and ver-
tebral punctures in one patient. Either intravenous Pentothal (14 cases) or
local procaine (seven cases) anesthesia was used.

RESULTS

Of the 21 subjects, significant changes in the spinal fluid tollowing angi-
ography were seen in only two cases. In one, a patient with a cerebral an-
giomatous malformation and multiple aneurysms, 5,000 red blood cells per
cu. mm. were seen in a pink spinal fluid. In the second, a patient with a
chromophobe adenoma of the pituitary gland, the protein content of the spinal
fluid changed from 89 to 151 mg. per cent; also, seven lymphocytes per cu. mm.
were recorded when previously there had been none.

In all other subjects, changes in color, protein content and cell count were
not significant. Three subjects showed transient hemiparesis following an-

From the department of neurology and psychiatry, New York University College of Medi-
cine and the neurologic service (third division) and psychiatric division, Bellevue Hos-
pital, New York City.
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giography, and in none of these were there significant changes in the spinal
fluid. Since Diodrast can cause changes in membrane permeability,’ and the
spinal fluid reflects such changes, it could be postulated that a relationship
between complications following angiography and changes in the spinal fluid
might exist. Such changes were not demonstrated in the present cases. Fur-
ther investigations with more exacting techniques for protein determination
and protein difterentiation are indicated.

CONCLUSIONS

Neither a marked pleocytosis nor a marked increase in protein content ot
the spinal fluid are usual concomitants of Diodrast angiography. It may be
concluded that when such spinal fluid changes are found they are unrelated
to the procedure.
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Spinal Fluid Findings Following Cerebral Anglography
Jossph N, fStein ¥,D, and Max Pink ¥.D,

With Ineressing use of cerebral angiography we were scon
confronted with the problem of whether the procadure, of itselfl,
produged changes in the carebrospiaasl fuid, l'm:-o;ﬁht hours
after anglography, 2 spinal fluild exarination in a patient sus-~
pected of a brain tumor, revealsd a eloudy £1uld with 5000 white
blood eslls per cuble milliter. Prior to anglography the fluld
hed been clear, colorless and without any cells. As no Informa-
tion eoncerning the relaticaship of plecsytosis to anglography
was available, 1t was decided to atudy the chamges in the spinal
fluld by the usual elinical metheda.

Spingl flulds from twenty-one patients wers "“"omimd prior
to and following anglographye liumbar punctures pricr to sngiogra-
phy were done at various intervals, but all punetures following an=
glogrephy were performed between 18 sand 24 hours sfter the proce-
dure. In each instsmee the spinal fluild was exavined for coler,
cell count and total protein content.

411 anclogrems were percutenecus, using 368 dlodrast se
the contrast medlium, Maximal Alodrest dosage was 70ee &t ore ses-
n!cg,,,,,,/éih the ma jority of patienta were subjected to unilateral
carotid punctures, bilateral punotures were done in four patients
and combined Dilatersl sarotid and vertebral in one. Either intra-
vencus pentothal (14 cases) or loeal procaine (7 ceses) snesthesia
was used.




Results:
Of the twenty-one subjects, significant changes in the

spinal fluid following anglography were seen in only two cases.

In one, a patient with a cerebral angiomatous malformation and
multiple aneurysms, 5000 red blood cells per ocublic milliter were
gseen in & pinkish colored spinal fluid. In the second, a petient
with a chromophobe adenoma of the pituitary gland, the ppotein
content of the spinal fluld changed from 89 milligram per cent

to 151 milligrem per cent. Also, seven lymphocytes per cubie mil-
1iliter were recorded when previously there had been none.

In all other subjects, changes in color, protein content
ind cell count were not significant. Three subjects suffered trans-
ient hemiparesis, and in none were there significant changes in
the spinal fluid. In two subjecta, the spinal fluid remained un-
chenged. In the third, few crenated red blood cells and two
symphocytes per cubiec milliliter were noted, where none had been
'ooou prior to the procedure. Since dicdrast can cause changes in
membrane permeability (1), and the spinal fluid reflects changes
in this membrane, it may be postiulated that a relation between
complications and such changes exists. Such changes were not de-
monstrated here. Further investigations with more exacting tech-
nics for protein determination and protein differentiation are in-
dicated.

Sonclusions

Io;thor a marked pleceytosis nor a marked increase in pro-
tein content of the spinal fluld are usual concomitants of diodrast
anglography. It may be concluded that when such spinal fluid
changes are found, they are unrelated to the prosedure.
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Presented at the Fourth Annual Meeting - American Academy
of Neurology - April, 24, 1952 Louisville
Dr., Costello, Members, and Guests of the Academy:

In the covrrse of sensory studies by the method of dou-
ble simultaneous stimulation, we learned that normal adults
readily identify and locglize the teow stimuli within the ini-
tial ten trials of the test., Young children, however, seemed
to make persistent errors. They could not identify both sti-
muli, or if identifying the two stimuliy they could not.loca-
1ize them. In order to study the responses and their rela-
tion to the age of the subjects, face-hand tests--the pboto-
type of simultaneous tactile tests--were applied to 300 normal
children ranging in ages from 3 to 15 years. The children
were all without manifest disorder of the hervous system, and
Were from child care centers, hospital clinics and children of
neiqhbors and friends.

In the course of some nlay with each child, the examiner
introduced the face-hand tests In this test, the child closes
his eyes, and the examiner, with his fingers, simultaneously
touches the subject's cheek and dorsum of his contralateral
hand. The child is amked to point td the places where he per-
ceived tje stbmuli, and the report is recorded. Again the chilld
is asked to close his eyes, and the test repeated--with oppo-
site cheek and hand stimulated. Subsequently cheek and hand
on the same side of the body and simultaneocus stimulation of
both sides of the face, or both hands are included. At least
ten consecutive trials of the face-hand test are recorded for

each child.
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Eighty percent of children under six years of age
failed to localize both stimuli correctly during the ini-
tial ten tréals. The number of errors fell off sharply among
the older children, so that only 2% of children in the 11-15
year age groups continued to make errors after the tenth trial.\
This 1is represented in the first graph--.. Apparently the
ability to localize two simultaneously applied tactile stimali
is directly related to the ageof the subiect.

This same relationship is represented in the second
graph., The percent of the subjegts in each age group making
errors on each trial of the test is compared for representa-
tive age groupse. ‘he older children manifest an ability to
learn from previous trials of the test while the younger chil=-
dren do not,

The incorrect responses of all children were of'two
types--failure to identify one 6fithe two stimuli, called
"extinction", or, identifying two stimuli buﬁ mislocalizing
‘one of them termed "displacement". Extinction of hand stimuli
was observed in 62% of the errors, while displacement was in
318, The preponderance of errors were in the perception of
the stimulus to the hand. %he stimulus to the cheek was almost
always correctly reported. This ability to identify the cheek
stimulus in preference to the stimulus to the hand was pre-
viously pbserved in normal adults and termed "face dominance."
Such face dominance was uniformlylapparent in the children of
all age groups in theseries,

The errors were apparent in tests involving the cheek

and hand on opposite sides of the body as well as cheek and
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hand on the same side of the body. Whilérerrors:were frequent

in tests of face and hand, chiliren made no errors in identi-

fying symmetric stimuli, as both cheeks, In tte younger

children, partial displacement from hand to homolateral shoyjl-

derder or neck, or displacements from a hand to the oppo-

site hand(allesthesia), or even into space in front of the
child(exosomesthesia) were seen. The incidence of these dis-placements w
was less than 4%,

Since these phenomena were so apparent in younger children
and became less frequent with increasing age, i1t was concluded
that extinction and the varieties of displacement sre normal
phases in the dewglopment of the response to sirultaneous tac-
tile stimuli. In normal adults and older children, such phe=-
nomena are apparent during the initial few trials only.

From these studies it was concluded that the phenomena
of extinction and disvlacement are normal phases in the dev elop-
ment of the perception of simultaneous tactile stimuli. Face
dominance is observed at all age levelm and is an inherent
pattern of organization of function. <*he perception of simul-
taneous tactlle stimulil is directly relatéd to chronological
age, beimg gradudidly developed in the first decade of life,
and being well developed in 80% of children by the age of 8

years.
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Perception of Symultaneous

Tactile Stimuli in Normal Children
| |

Max Fink, M.D. and Morris B. Bender, M.D.

|

Normal adults readily identify and localize tactile stimuli applied simul-
taneously to the face and the hand (the “face-hand test”).! While half the
subjects perceive stimuli incorrectly on the initial trial, all are accurate by
the tenth trial of the test. Young children, however, find the task of identi-
fication and localization of two skin stimulations difficult. They report only
one of the two stimuli, or, if they report the two, frequently mislocalize one
of them. The omission or mislocalization of stimuli is not haphazard but fol-
lows a consistent pattern in which stimuli to the face are readily apprecmted
(“most dominant™) while those to the hand are not (“least dominant”).

In order to determine the pattern of “dominance” in children and the age
at which such tactile perceptual tasks are correctly performed, a study of
normal children was undertaken. The responses of children to the face-hand
test and to simultaneous tactile tests of other body parts were ascertained.

SUBJECTS AND METHOD : \

Three hundred normal children between the ages of three and 15 were
examined. They were from a neighborhood child care center, from the wards
and clinics of Bellevue Hospltal and children of neighbors and friends. They
were without manifest disorder of the nervous system. A few children at
two and a half years of age were included in the three year age group, but
younger children were generally not able to comprehend the test.

The subjects were examined individually, but there were many who were
examined in a day-room in full view of other children. The child was engaged
in play and when toys were available they were used to gain his confidence
and interest. At some time during play, the face-hand test was introduced.

| e emm—— .
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28 NEUROLOGY

For the face-hand test, the child was told: “I (examiner) am going to
touch you,” and he was to “touch the same place I touch.” He was asked to
closc his eyes. The examiner, with the fingers, then touched simultancously
a cheek and the dorsum of the contralateral hand of the subject. The child
was asked what he felt, and to point to the sites stimulated. After this re-
sponse, the child was asked to close his eyes again, and now the opposite
check and hand were similarly stimulated and the report recorded. H only
one response was given to this trial, the child was asked if there had been
another stimulus anywhere else.

[Following these two trials, the cheek and hand on the same side of the body
were tested in a similar fashion. The fifth and sixth trials were not of asym-
metric body parts but simultancous stimulation of both cheeks or both hands.
The following various types of stimulation were used: heterologous stimula-
tion of asymmetric body parts on opposite sides, as right cheek and left hand;
homolateral stimulation of asymmetric body parts on the same side of the
body, as right cheek and right hand; and homologous stimulation of symmetric
body parts, as both checks or both hands. Such tests were repeated in each
child until at least ten trials were recorded. Subsequent tests of other body
parts, performed in a similar fashion, were introduced until at least 20 con-
secutive trials were observed in each subject.

A number of modifications had to be introduced for young children. Many
would not play the game with eyes closed, but insisted on keeping their eyes
open. In such cases the tests were applied with eyes open. Also, a large num-
ber of three and four year old children insisted on pointing to the examiner’s
hands and face on the initial trials. For these children, a few trials of single
touch stimuli applied to the thigh, chest or hand were introduced, until they
grasped the concept of pointing to their own bodies after the stimulation.
These single trials were carried out with eyes open.

After the. series of double simultaneous stimulation tests were completed,
single stimuli were applied to various body parts to exclude from the normal
group any subjects with focal sensory difficulties.

The children were asked what they had felt and to point to the places
stimulated. Verbal reports of the locus of stimulation were not accepted. It
was occasionally noted that children would correctly name the parts stimu-
lated, i. e., the cheek and hand, but then point to both cheeks, or to two places
on one cheek. It seemed as if naming the locus yielded more accurate re-
sponses than did pointing.

These tactile tests were repeated on consecutive days, or subsequently
after a lapse of a few days or weeks in some children. At such times, cutane-
ous stimuli other than light touch were added to the testing. These included
repetitive touch (rubbing), single pin prick, and repetitive pin pricks.
RESULTS ; :

Incidence of errors: Young children made many errors on face-hand tests.
Lighty per cent of children under the age of six failed to localize both stimuli
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during the initial ten trials of the face-hand test; many of these even with
eyes open. In the older children the number of failures fell sharply (graph 1)
so that only 2 per cent of children in the 11 to 15 year age groups continued
to make errors after the initial ten trials. Apparently the ability to identify
two simultaneously applied tactile stimuli was directly related to the age of
the child. This ability was also related to the number of previous trials of the
face-hand test. In table 1 the trial of the test after which the child was con-
sistently correct is recorded. The last column of the table includes all the
subjects who made errors in the first ten trials, and on many trials of the test
beyond the tenth. Graph 2 illustrates this relation for selected age groups.
Type of testing: In these studies homolateral and heterologous stimulations
were carried out at random. Errors were made by subjects of all age groups
in tests of either type. Homologous tests, such as both cheeks, or both hands,
randomly interspersed in the testing after the fourth trial, elicited correct re-
sponses in nearly all cases. While this served as a clue to some of the older

. TABLE 1

NUMBER OF TRIALS OF THE FACE-HAND TEST NECESSARY FOR PERSISTENT
CORRECT RESPONSES

(Touch Stimuli)

Total Number Trial Correct Errors Beyond

Age of Subjects 12084 806 (8= 10 Trials
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0 NEUROLOGY
hildren that two stimuli were being applied, it did not seem to alter the
Lsults in the younger children. In these subjects subsequent trials of the
co-hand test were incorrectly reported, even though the responses to the
metric stimuli had been correct. The perception of symmetric stimuli was
uch better than asymmetric stimuli.
: Subsequent testing: Of the total group: of children studied, face-hand
josts were rcpcal(‘d at varying intervals subsequent to the initial testing in
’;() children. Of the children under the age of six, subsequent testing elicited
Lo same difficulties with face-hand tests as was evident on the initial exam-
nation. In a few children over six years of age, who scemed to have grasped
lie concept of two stimulations in the initial testing, errors were manifest on
{ubsequent days. It was as if many trials were necessary for successful learn-
ng of the task, and then, even though the task was successfully completed,
!ic learning was temporary. These observations are in contrast to those made
| normal adults, in whom subsequent testing did not elicit the errors of the
iitial test.!

Type and pattern of responses: The errors (table 1) made by children on

ppeated trials of the face-hand test were of six types: (a) a touch on the
heck only, implying no perception in the hand; (b) a touch on each check,
fplying a mislocalization of the stimulus applied to the hand; (¢) a touch
lh the cheek, and a second touch on the shoulder, neck or elbow, implying
é partial mislocalization of the stimulus applied to the hand; (d) a touch on
Lie hand only, implying no perception in the cheek; (e) a touch on each
'?';md implying a mislocalization of the cheek stimulus to the hand; and (f)
ine-or two touches on the examiner’s body, implying a mislocalization away
rom the child’s body.
{  Face dominance (respbnses a, b, ¢) was apparent in all age groups. Tt was
\ost manifest as extinction® of the stimulus to the hand (response a), and
sas seen in 62 per cent of the errors. Mislocalization of the hand stimulus to
he check (displacement ); was observed in 31 per cent of the errors. While
host of the displacements were observed in tests involving cheek and hand
z,-n opposite sides of the body, 7 per cent of the errors were displacements
Lom the hand to the cheek in the simultaneous stimulation of homolateral
zody parts, e. g., right cheek and right hand. At such times the child pointed
b the cheek once, saying “a touch here,” and then, moving his fingers 2 to 3
‘;ntimeters lower on the cheek, saying “and here.”

Other types of displacement were infrequent. There were partial displace-
sents from the hand to the shoulder or neck. Mislocalization of a stimulus
‘cross the midline of the body, known as allesthesia,? was occasionally appar-
nt in the stimulus to the hand on heterologous testing. Furthermore, children

)

‘The failure to report one of ‘two simultaneous stimulations has been called “extinction”
¢ a stimulus.2 The mislocalization of a percept to the homologous body part of the second
Limulus is called “displacement.” The mislocalization of a percept in the direction of the
ﬁ-ocond stimulus is called “partial displacement." In each instance, the stimulus which is
‘orrectly reported is said, to be “dominant.”
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under five years of age frequently mislocalized the initial stimulation away
from their body to parts of the examiner's body or into space (response 1)
This phenomenon, known as exosomesthesia,* persisted in some children de-
spite repeated stimulations with the child's eyes open, and despite the exam-
iner’s insistence that it was the child who had been touched., :

Another phenomenon was seen during homolateral testing. The child re-
ported only the stimulus applied to the cheek. If the examiner asked insistent-
ly, “Did you feel another touch anywhere else®”, a number of children hesi-
tatingly pointed to the symmetrical point in the cheek on the opposite side
of the body. In order to determine whether this was a unique or a systematic
phenomenon, tests of other body parts were carried out. In homolateral tests
of foot and hand, shoulder and hand, and cheek and foot, the same phenom-
enon was observed. The child first reported only the foot, the shoulder or
the cheek—and then, when the examiner insisted on a second locus, pointed
to the opposite foot, shoulder or side of the face. :

. Furthermore, in some young children the phenomenon appeared on single
stimulation. Single stimuli applied to any body part were localized correctly.

If the examiner then insisted that there had been a-second stimulus, the child” ~ ~

pointed hesitatingly to the symmetric part on the opposite side of the body.

As already indicated, hand dominance (responses d and ¢) was infrequent.
[t was observed in 7 per cent of the errors on face-hand tests. In all subjects
in whom it was apparent, subsequent trials of the face-hand test manifested
the pattern of face dominance.

Relation of hand and foot: In tests of parts of the body other than the face
and hand, the hand was always least dominant and the cheek the most. Simul-
taneous tests of foot and hand, the foot-hand test, were introduced after the
initial ten trials of the face-hand test in most children. In the foot-hand test,
foot dominance was apparent in 51 per cent of the responses (see table 2).
It was demonstrated by hand extinction, by displacement of hand stimuli to
the foot, and by partial displacement to the thigh, knee and leg.

TABLE 2
FOOT-HAND TEST

(Touch Stimuli)

Total
Stimulation Trials Responses
Foot- Partial Hand-
Correct Foot Hand Foot Ft.-Ft. Hand
Bilateral 53 21 148 1 10 2 2
Ipsilateral 48 23 16 3 3 3 0

Other stimuli: A small group of children who made errors in tests repeated
at varying intervals were examined with other cutancous stimuli. Extinction
and <isplacement phenomena were present in face-hand tests using pin prick,
repetitive pin prick and repetitive touch {rubbing) stimulations. While the
number of errors with these stimuli were fewer than with touch stimuli, the
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32 NEUROLOGY

pattern of face dominance and hand extinction was still apparent.

DISCUSSION ]

The ability to identify and localize simultaneous stimuli separated from
each other at some distance is a complex function which gradually develops
during the first decade of life. It is a rclatively unstable ability, for many
changes in the state of the organism can disturb such discriminations. Focal
cerebral disease as in hemiplegia® or parictal lobe lesions,? spinal cord lesions,?
and diffuse brain diseases such as toxic states, senility and inflammatory con-
ditions® can so alter tactile discrimination that the phenomena of extinction,
and displacement become prominent. Errors in simultaneous tactile tests are
apparent in normal adults during the initial few trials of the test—during the
period of learning.! Persons subjected to large doses of barbiturates,® electro-
shock therapy® or anesthesia” also manifest such inability.

A prominent feature in all groups is the uniformity of face dominance.
When discrimination; of simultaneous stimuli is interfered with, for whatever
reason, the errors arc made in the stimuli to the hand and not in the stimuli

to the face. The corollary of “face dominance” is “hand extinction.” It, too,
is apparent in all subjects and under the variety of conditions studied. Fur-
thermore, in an “order of dominance” other body parts are between these two
limits. Studies in patients with hemiplegia® and patients with severe mental
changes as a result of brain disease® have revealed an order of dominance
of face-shoulder-trunk-thigh-foot and hand. Insofar as these other body parts
were studied in these children, a similar order was observed. Since dominance
is evident in young children, it appears that the pattern of dominance is an
inherent function of the organism. This childlike way of responding to simul-
taneous tactile stimuli is exposed and exaggerated in adults under a variety
of pathologic conditions.

Recently Cohn has suggested a theory of rostral dominance to explain these
observations.f ‘Our observations are not in accord with such a theory. The
dominance of the foot to the hand in children, as well as the dominance of
penis, buttock, foot and thigh to the hand in two large series of patients with
diffuse brain dysfunction,®? make such an explanation untenable.

Comparison of findings in normal children with findings in patients with
organic mental syndrome: On comparing the findings in children with those
previously reported in patients with severe mental changes due to brain dys-
function,® a close similarity in performance is observed. In both groups the

ability to’ discriminate simultaneous stimuli is limited. On non-homologous
tactile tests, such as the face-hand test, errors are made on initial and sub-
sequent trials. While extinction of a stimulus is the most frequent error, dis-
placement is common. In both children and patients, errors occur with a
variety of cutaneous stimuli. Furthermore, testing may frequently be done
with eyes open, and in many instances with repeated verbal clues that there
are two stimuli, and still errors are made. The factor of learning is not prom-
inent since testing on subsequent days will elicit the previous patterned errors.

) > ~ P— PP,
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In Gestalt terms, patients with organic mental defects and children have diffi-
culty in extracting a complex sensory “figure” from the “background” of the
total sensory “ficld.” Significantly in cach group there is no difficulty in iden-
tifying simultancous stimuli if the stimuli are applied in symmetric regions
of the body, such as each hand or both sides of the face. Here, each stimulus

~ figure has a common background in terms of body image, namely the hand,"

Face dominance is apparent in both groups. It is manifest not only on
tests of face and hand but also on tests of face and other body parts. Also,
insofar as it was tested, the order of dominance for other body parts is similar.
-~ While extinction and displacement are the most frequent types of error,
other phenomena are elicited in both children and patients. Partial displace-
ments, e. g., the mislocalization of the percept from the hand to the shoulder
or neck on the face-hand test, are occasionally observed. The phenomena of
allesthesia and exosomesthesia are seen in the more severely affected patients
and in the youngest children; both are frequently associated in the same sub-

- jects. In allesthesia, the subjects usually localize the cheek stimulus correctly

but mislocalize the hand stimulus to the opposite hand or elbow. In exo-

! -~ — - -somesthesia,-the stimuli are mislocalized either to space in front of the subject

or to the examiner’s body. This phenomenon was frequent in the youngest
children, and despite the examiner’s urging that the child point to its own
body, the child persisted in such mislocalizations until a trial of the face-hand
test was performed with eyes open.

In addition to these phenomena which appear spontaneously, patients with
organic mental syndrome also manifest another response to simultaneous stim-
ulation first noted in children, i. e., on homolateral testing only one stimulus
(the cheek) is spontaneously reported; but when the examiner insists, the
second is mislocalized to the opposite cheek. Since the patients show so many
similarities to young children in their responses, it was predicted that they
would also show this phenomenon. In a series of patients with severe mental
changes, homolateral tests of the cheek, hand, foot, shoulder and thigh were
applied. When only one stimulus was reported, the examiner asked for the
locus of the second stimulus. Responses were obtained in 20 per cent of the
patients, and in each one the second stimulus was mislocalized to the sym-
metric body part. Furthermore, in some subjects the same phenomenon was

.observed with single stimulation.

This phenomenon appears to be similar to the completion phenomenon
described in Gestalt literature as “closure” and “zood continuation.” These
are usually described for other sensory modalities. When a circle is tachisto-
scopically exposed in the visual ficld so that half falls on a hemianopic field,
or if a cross is exposed so that the center falls in the blind spot, many subjects
report a complete circle or cross. This “completion” occurs for “good” figures.
In simultancous tactile studies, symmetric figures appear to be the “good” or
“strong” figures.
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CONCLUSIONS ‘
1. Ability to identify and localize asymmetric simultaneous tactile stimuli

develops gradually during the first decade of life, and is present in 80 per
cent of normal children by the age of eight. Symmetric stimuli are more
readily localized and this ability is well developed in normal three year old

children, I
2. The errors on asymmetric (bilateral and ipsilateral) stimulation involve

either extinction (only one of the two stimuli is reported), or displacement
(one or both stimuli are mislocalized). Whenever extinction and displace-
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| ment occur, stimuli to the face tend to be correctly reported. This face dom-
inance is found at all age levels tested.

3. One can conclude that extinction and displacement of tactile stimuli,
as well as face dominance, constitute a normal and consistent pattern of re-
sponse in children. In addition to these responses one can observe, in chil-
dren under six years of age, the phenomena of allesthesia, exosomesthesia and
partial displacement as normal reactions to simultaneous tactile stimulation.

4. The difficulties in recognition of simultaneous tactile stimuli, as shown
by young children, reappear in the same fashion in adult patients with focal
or diffuse dysfunction of the brain. The abilities of tactile discrimination ac-
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