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Absiract— Twenty-nmine palienis with unilateral cortical lesions were asked to localize simple audilory
stimuli {the personal lrame of reference) and (o bisect the space between two auditory stimuli (the
extra-persenal frame of reference). Results indicate that the displacement error scores of the right
posterior group were consistently greater than these of all other groups (the left posterior, right
anlerior, lefl anterior and normal control) in both lrames of reference. Error analysis suggests that the
right posterior effect reflects spatial dysfunction common to both hemispaces rather than the
contralateral deficit characteristic of unilateral neglect.

A CONSIDERABLE body of evidence has accumulated showing that cerebrat lesions
differentially influence tasks designed to distinguish between the intrapersonal (e.g.
left-right) and extrapersonal (e.g. east—west) aspects of space (in man [1], and in monkey
{2, 3, 4]). All of these studies have utilized tasks which rely on vision and on somesthesis. The
present study was undertaken in order to determine whether such impairments of spatial
processing are limited to the visual and somatosensory modalities or whether some more
general personal and extrapersonal frames of reference are disturbed by the lesions,

To this end a set of auditory localization tasks was devised. Acoustic signals are known to
play a rolein alerting some species of animals to danger arising in one or another locality. For
example, owls have a highly advanced mechanism for auditory space perception [5].

There are some studies that have already investigated the possible effect of cortical lesions
on the abihity to localize sounds. SANCHEZ LONGO et al. [6] utilized a test for sound
localization and concluded {7] that lesions in the tempeoral lobe {and no other part of the
cortex) impair the ability to localize sounds. However, KLINGON and BonTecou [8] failed to
replicate this local temporal lobe effect, because patients with invelvement of the frontal and
parictal regions also showed “drastic displacements”™ of sound sources. But, in still another
study, Baru and Karaseva [9] cite the experiments of Biagoveshchenskaya in which the
methods of SANCHEZ LoNGo et al. (6] were used, and which showed that parieto-temporal
(not primary auditory cortex [10]) lestons were primarily responsible for impairment of
sound localization.

Studies investigating a family of symptoms described under the labels “unilateral neglect,”
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“extinction to bilateral simultaneous stimulation,” “amorphosyntheses” and “hemi-
inattention” (for review and excellent discussion see WEINSTEIN and FRIEDLAND [117) had
suggested possible differences between tasks employing personal and extra-personal
reference frames. For instance, DiaMOND and BENDER [12] reported patients who perceived
sounds as having originated in the hemispace ipsilateral to their lesion, when in fact the
actual source was onthe contralateral side (they referred to this as “alloacusis™). Heilman and
his associates have also reported cases of similar displacement errors in patients who show
severe hemi-inattention (sec review article by HeiLMaN and WaTtson [13)). Thus, unilateral
neglect can be conceived to be the underlying cause for sound dislocalization due to a gross
disturbance of the personal frame of reference. A test of this hypothesis would entail the
demonstration that: {1) errors were significantly greater in the hemifield contralateral to the
lesion; and {2} the direction of these errors would show displacement towards the ipsitateral
hemifield. Some indication for such tendencies was reported by K1inGon and BoxTecou [$]
since they observed greater displacements of sound sources in the contralateral hemified.
However, in their study, no distinction could be made between displacements due to an
impaired personal vs an impaired extrapersonal frame of reference.

Such a distinction can be made if the displacement toward the ipsilateral hemifield {as in
the unilateral neglect syndrome} is considered to be evidence for disturbance of the personal
frame of reference. A test for disturbance of the extrapersonal frame of reference could then be
devised which would elicit difficulties in perceiving the relationships among several sound
sources themselves. Such a test was implemented by asking patients to bisect the space
between sound sources.

METHOD

Subjects

The subject populalion comprised 29 patients with unilateral corticaliesions, primarily vascular and trauvmatic in
nature, which were localized on the basis of surgical reports and various radictogical techniques. The patients were
divided into lour groups according to hemisphere and focus of esion on the anterior-posterior plane. Patients in the
lelt anterior {N =6} and right anterior {N =8} groups presenled lesions in the frontal, fronlo-central or lroato-
tempeoral regions. The patients in the lefl posterior (¥ = 8Yand the right posterior {N = 7) groups presented lesions in
the parietal, parieto-occipital or parieto-temporal regions. Neuropsychological diagnoses were available for alt
paticnis and scerved as selection criteria for evaluating the intelleciual and linguistic abilities necessary lor the
comprehension of tests used in this experiment. The mean age of all patients was 36 years (5.D. =1 2.6), and about
one-third of the patients were female. Ten normals comprised the controt group. Neo abrormality in pure tone
thresholds was recorded {or any of the subjects in any group and the sensitivity ranges between the two channels
were in all instances equal.

Appuralus

Nine loudspeakers were arranged in a semicircle on a table infront of the subject. Each speaker was 75 cmfirom the
center of the subject’s lorchead. The angular placement of the loudspeakers was 10, 30, 50, 70,90, 110, 130, 150 and
170°. The subject's responses were scored in 5° increments. This measure of accuracy was chosen since humans
appear to be able 1o Jocalize sounds with an accuracy of approximately 5° [14]. An audio stimulator was construcied
which altowed remoted initiation of a particular lowdspeaker. The apparalus was adiusted to deliver a
suprathreshold stimulos a1 1,000 Hz for | see.

FProcedure

The subject sal lacing the loudspeaker array. The experimenters made certain that no head movements occurred
during the stimulus presentations. During the entire task the subject was btindfotded and was asked to usc only the
hand ipsilateral to his/her lesion,

Sound localization. This was Lhe first task. In this task a stimelus was delivered through one of Lhe nine
loudspeakers. The subjects was asked to respond by pointing Lhe ipsitateral index finger to the percetved location of
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the sound source within Lthe semicicle. Responses were recorded in terms of absolute magnitude of error (absolute
error) and displacement toward the ipsilateral or contralateral side of the stimulus (directional error). One stimulus
was presented over each of the nine loudspeakers in random order.

Auditory bisection. In this, the second task, two stimuli were sequentially presented through twa loudspeakers and
the subject was asked Lo point with the ipsilateral index finger to the perceived midpoint between the two slimuli. A
tolal of 10 stimulus pairs were presented. The actual midpoints of the stimulus pairs were 50, 80, 90, 100 and 1307,
wilh the speaker separation of 20 or 40°. Again, the absolute and directional errors were recorded.

In the auditory bisection task subjects were required 10 point to a position in space by relating two sound sources
1o one another. Thus, this task was considered 1o involve the extrapersonal frame of reference. On the other hand, in
the sound Jocalization task the subjects used no extrapersonal cues. Position was noted with reference to Lhe
subject’s own body and was thus considered a 1est involving the personal frame of reference.

Finger placement. This tusk served to assess possible sensorimotor deficits which could confound auditory spatial
performance on both the sound localization and auditary biscction tasks. The ipsilateral index finger was guided to a
posilion within the previously described semicircle. The subject was then asked to withdraw the hand, to touch the
chest and then place the finger on the original starting point.

RESULTS
Sound localization

The total absolute error was averaged across all subjects within each group (see Table 1). A
one-way analysis of variance was significant, F (4, 35)=6.30, P<0.001, For all of the
following post-hoc comparisons multiple ¢ tests were performed. The first such analysis
clearly indicated that absolute error of the right posterior group was significantly greater
than that of any other group, P<0.0l. The left posterior group also demonstrated
significantly greater absolute error than the control group, P <0.05.

Table 1. Cumulalive error scores on the sound localization task

Groups Mean* S.D. N
Normals 1510 393 10
Right anterior 26.75 1602 8
Right postertor 50.33 19.16 7
Lef anterior 29.40 18.38 &
Left posterior 28.80 10.19 g

*Represents the average over nine trials where 1.0=5°

Total absolute error was re-evaluated for the ipsilateral and contralateral hemifields for
each subject. A two-way analysis of variance was significant for the factor of groups,
F (3, 52)=4.57, P<0.007; but neither the factor for hemifields nor the interactions were
significant. Again, displacement error was significantly greater in the right posterior group.

The mean directional errors of left and right hemisphere patients are displayed as a
function of angular positien and compared with the performance of the normal control
group in Figs | and 2, respectively. A two-way analysis of variance revealed no effect of
subject group or hemifields.

Auditory bisection

Total absolute error was averaged across subjects within each group for all five midpoints
(see Table 2). A two-way analysis of variance was performed and significance was obtained
for the factor of groups, F (4, 175)=6.75, P < 0.001, but not for the factor of position or the
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F16. 1. Mean directional error scores in the sound focalization tusk of putient groups with right
hemispheric lesions.
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Fie. 2. Mean directional error scores in the sound localization task of patient proups with left
hemispheric lesions.

interaction. The right posterior group demonstrated greater absolute error than the normal,
P <0.001, the right anterior, P <0.01, and the left posterior groups, P<0035,

In order to consider performance in the contralateral and ipsilateral hemifictds the pooled
data for the 50 and 80° midpoints on one side were compared to the pooled data for the 100
and 130° midpoints on the other side. A two-way analysis of vanance again demonstrated the
effect of groups, F (3, 48)=3.07, P < 0.04. Neither the factor of hemificld nor the interaction
was significant.

The mean directional error for left and right hemisphere patients is displayed as a function
of angular position of the midpoint and compared to the performance of the control group in
Fips 3 and 4, respectively. Directional errors were analyzed for groups and hemifields by
means of a two-way analysis of variance. No significant cffect was demonstrated.
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Table 2. Cumulative error scores on auditory bisection according 1o midpoints®
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Groups S0 8O° 90° 100" 130°
Mean 2.30 2.60 2.40 1.80 290
Normals
8.0 2. 200 145 150 2.69
Mean 213 238 248 338 2.50
Right anterior
5.D. 230 1.51 1.64 3.02 220
- Meun 41 586 443 486 6.00
Right posterior
b S.D. 1.70 488 2.44 393 365
Mean 150 a7 5.50 433 3.00
Left amerior
SD. 3.51 36l 7 308 390
Mean 350 1.50 2.50 338 188
Left posterior
S.D. 207 0493 233 2.50 32
*Note: 1.0=5,
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Fici. 3. Mean directional error scores in the auditory bisection task of patient groups with right

hemispheric lesions.

Correlation between finger placement and sound localization tasks.

In none of the five groups was there a significant correlation between performance on the
finger placement and the sound localization tasks. This was also the case when separate
correlations for the ipsilateral and contralatcral fields were computed. In general,
performance on the finger placement task was more accurate than that of sound localization
task. There was a tendency for most subjects to localize the most peripheral sound sources
more toward the center of auditory (see Figs 1 and 2). This phenomenon was not observed in

the finger placement task.
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Fig. 4. Mean directional error scores in the auditory bisection task of patient groups with jeft
hemispheric lesions.

DISCUSSION

In compariscen to the control group, all patient groups performed at a lower level of
accuracy in free field sound placements. However, the right posterior group was clearly
singled out as having by far the greatest difficulty in tasks involving both the personal and the
extrapersonal frame of reference. Sensory motor impairments were ruled out as having a
major effect on this outcome because the sound displacement errors did not correlate with
the performance on the finger placement task. Further, as noted in the methods section,
auditory sensory deficits were ruled out as a possible underlying cause of the deficits. There 1s
thus no doubt that the patients’ sound placement disabilities were neither the direct result of
auditory sensory deficits nor sensorimotor impatrments,

How can the significant deficit of the patients with right posterior lesions be explained?

Surely the most attractive angte from which to interpret this result is to link auditory spatial
deficits with spatial impairments in general. Right posterior lesions are classically associated
with spatial deficits, and this is, of course, well documented with tasks using sense modalities
other than audition. Sound displacements are, therefore, interpreted as being primarily a
spatial deficit. That is, patients with right posterior lesions lack the ability of mapping
auditory sources in their spatiat context. Based on our results, this conclusion seems to be
almost too obvious, but in view of the controversial findings of SANCHEZ LONGO and FORSTER
{73, KLinGon and BonTecou [8] and BLAGOVESHCHENSKava [9] it is a clear-cut and
parsimonious stand to take.

QOur data do not dissociate personal from extrapersonal impairments. The right posterior
group yielded the lowest accuracy levels in both tasks. This finding is consenant with that of
Braony and PrisraM [4] who found that parietal fesions in monkeys impaired tasks designed
to test abilities in the personal and extrapersonal frames of reference. In that study, as in the
current one, there 1s no evidence for any special involvement of the antertor frontal cortex in
delineating the personal frame of reference.
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Recently, HersH { 15] reported similar results on spatial analysis in the tactile modality. In
his study, blindfolded patients (many of whom served as subjects in the present study)
scanned a stimutlus array, in this case using the preferred hand. Significant impairments in the
extrapersonal frame of reference were demonstrated by the right posterior group only.
Furthermore, the performance of both the left and right anterior groups in the personal and
extrapersonal conditions was not found to be significantly worse than that of any other lesion
group. Further studies are under way to analyze more complex forms of extrapersonal spatial
analysis in which the exact location of a particular sound source is secondary and the
relationship between an entire sequence outlining a two-dimensional acoustical pattern is
primary {described in normals by Rurr and PERRET [16] and in patients with unilateral
cortical lesions by RuFrF [17]).

In the context of umilateral hemispheric lesions and their effects upon the ipsilateral and
contralateral hemifields the following alternatives have been offered in the literature.
SancHEz LonGo and Forster [7] considered sound localization to be a function of the
temporul lobe and reported that in most mstances the displacements were of greater
magnitude in the contralateral hemispace. This work was discussed in detail by KLINGON and
BonTtECOU {8], who concluded that sound localization represents not primarily a temporal
lobe but a hemispheric function. They agreed, however, that the unilateral lesions affected the
auditory placements on the contralateral side, and that the cerebral hemispheres are
therefore connected with the opposite auditory hemisphere. They viewed this as the cutcome
of the elementary sensory organization of the hemispheres. Although the findings of these
studies and ours agree that right cerebral lesions result in auditory spatial deficits, our data
stand in disagreement on two accounts. First, significantly greater sound displacements
occurred not as a result of both right and left hemispheric lesions, but only in the patient
group with right posterior lesions. Second, there were no contralateral effects, because the
average error scores were of approximately equal magmtude in both hemuspaces.

A recently published study by ALTMAN, Baronov, and DEGLIN [18] shows some agreement
with our results. These subjects were tested immediately after electroshock seizures in a free
field localization task, and only right-sided shocks yielded significant impairments.
Furthermore, displacement of sound sources occurred primaniy in the contralateral
hemispace and were often referred to the ipsilateral hemispace, an effect simlar (o
“alloacusis” described by DiamonD and BeNDER [12]. The ALTMAN et al. study is, then in
agreement with the observations of both SancHez LonGo and Forster [7] and KLinGoN
and Bontecou [ 8], but not with our findings. However, the absence of contralateral effects in
a tactile spatial study was reported by HersH [15]. As in the present study error analysis
revealed that neither greater displacement in the contralateral hemispace, nor displacement
toward or into the ipsilateral hemispace was associated with the significant right posterior
impairment. These results are in complete agreement with our own.

Our finding of a lack of hemispatial differences appears independent of unilateral neglect:
Three of our patients manifested signs of auditory umlateral extinction according to the
clinical method of bilateral simultaneous stimulation, and all three patients yiclded neither a
disproportionate error rate between the hemispaces nor a greater absolute error score in
comparison to their group members. A good possibility exists therefore that the task we used
1o test the personal frame of reference may be inadequate to that aim and that, in fact,
displacement errors in that task also reflect an impairment of the extrapersonal frame.

Sound displacement errors can be based on (1) spatial defiats, (2) unifateral neglect
symptoms and (3} a combination of the two; or (4) none of the above. We interpret our data
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as indicating primarily a spatial deficit; that is, the right posterior group yields a severe
impairment in tasks involving both the personal and extrapersonal frames of reference. This
explanation also accounts for the fact that there were no differences between the
performances in the hemispaces. In those studies [7, 8] where hemispatial differences were
found, there may well have been an overlap of patients with spatial deficits and symptoms of
neglect. Especially in cases involving mislocalization to the opposite auditory space
(alloacusis), one suspects symptoms which are related to underlying deficits in orientation
and attention, but not in spatial frames of reference. Auditory extinction which is based on
bilateral simultancous stimulation falls clearly in the category of "neglect” and, just as in the
case of alloacusis, it should not be considered a spatial disorder. It is important in this regard
to note that symptoms of neglect have been observed after lesions in both the left and right
hemispheres [19], whereas spatial deficits occur primariiy after right posterior lesions.
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AUDITCRY SPATIAL DEFICITS IN THE PERSONAL AND EXTRAPERSONAL FRAMES OF REFERENCE
Résumé :

Cn a demandé 3 29 malades avec lésions corticales
unilatérales de localiser des stimulus auditifs simples
{radre personnel de téférence) et de séparer l'espace entre
deux stimulus anditifs (cadre extra-personnel de référence].
Les scores d'erreurs de déplacement du groupe postérieur
droit &tait plus &levés, et de fagon cohérente, gue ceux de
tous les awvtres groupes (postérieur gauche, antérieur droit,
antérieur gauche et centrdles) selon les deux gadres de
références. L'analyse des erreurs sugygére gue l'effet pos-
térieur droit traduit une dysfonction spatiale commune aux
deux hémi-espaces plutdt gqu'un déficit contro-latéral carac-
téristique de la négligence unilatérale.

Zusammenfassung

29 Patlenten mit einseitigen kortikalen Lisionen wurden aufgefordert, einfache akustische
Stimuli zu lokalisieren [persdnliche Referenz) und den Raum zwischen zwei akustischen
Stimuli zu halbieren [extrapersonale Referenz), Die Ergebnisse zeigen, dafl Seltwirts-
verlagerungen bei der Gruppe mit rechteseitig rickwirtiger Hirnschédigung konsistent
grofler waren ale bei allen anderen Gruppen (links riickwirtig, rechta vorne, links vorne
und normale Kontrollpersonen) in beiden Bedingungen,/ P:’e?lleranalyse legte es nahe, dafl
der Effekt einer rechtsoeitig riickwirtigen Hirnlelon eine riumliche Funktionsstirung

anzeigt, die beiden Raumhilften gemeingam ist und nicht das kontralaterale Defizit, das

fur eingeltige Vernachldssigung typisch iet.
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