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Abstract—Auditory imagery for songs was studied in two groups of paticnts with left or right
temporal-Jobe excision for control of epilepsy, and a group of matched normal control subjects. Two
tasks were used. In the perceptual task, subjects saw the text of a familiar song and simultaneously
heard it sung. On each trial they judged if the second of two capitalized lyrics was higher or lower in
pitch than the first. The imagery task was identical in all respects except that no song was presented, so
that subjects had te generate an auditory image of the song. The results indicated that ali subjects
found the imagery task more difTicull than Lhe perceptual task, but patients with right temporal-lobe
damage performed significantly worse on both tasks than cither patients with left temporal-lobe
lesions or normal control subjects. These results support the idea that imagery arises [rom activation
of a ncural substratc shared with perecptual mechanisms, and provides evidence for a right temporal-
lobe specialization for this type of auditory imagina! processing.

INTRODUCTION

INVESTIGATIONS into mental imagery have suggested that functional similarities exist between
perception and imagery [5. 8, 15], and that a common neural substrate may underlie both
imaginal and perceptual processes. One may hypothesize (hat, (o the extent that the two
types of processes make demands on the same neural mechanism, they should suffer a
common fate after damage has occurred. For example, it has been found that lesions that
cause visual neglect also result in failure to access one side of imagined visual scenes [2]. Also,
complementary data from event-related potential studies implicate posterior corlical areas in
both visual imagery and visual perception (for a review see Farau [5, 67).

The issuc of how imagery and perceptual processing interact in the brain is of considerabic
importance in understanding how externally and internally driven neural processes operate.
However, the relevant research to date has concentrated nearly exclusively on visual imagery;
converging evidence from non-visual tasks has not been available, thereby limiting the
generality of the conclusions that can be drawn. The purposc of the present investigation was to
examine auditory perception and imagery, and their potentially common neural substrate.

Contemporary imagery research has sought to identify empirically reliable behavioral
indices that are consistent with the existence of mental imagery, The goal has generally been
to identify regularities in subjects’ performance that can be parsimoniously expiained by
inferring an internal imaginal representation that shares certain properties with the real
event. In the visual domain, for example, KossLyN et al. [16] reported that it takes longer to
scan two points in an image that are far from one another than it does to scan near points.
Such evidence has been taken as implying an internal representation that contains
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information about the continuity of space and/or processes that use that continuity in an
analogous way to perceptual scanning. Similar conclusions can be drawn [from other types of
tasks, such as those thought to require mental rotation of a visually presented stimulus, (see
Ref. [4]). These data also fit with the subjective impressions of visual imagery, which are
typically described as having visual-like characteristics.

Auditory imagery—the experience of “hearing” music or speech in the absence of a
proximal stimulus-—-is at least as compelling subjectively as visual imagery. Auditory
imagery has been studied in several ways by cognitive psychologists. For instance, FARAH
and SMITH [ 7] had subjects imaginc a high or low tonc during an auditory signal detection
task. Intensity thresholds were tower if prior to signal presentation, subjects imagined the
sume tonc as that used in the trial, compared to imaging a different tone. This facilitation was
interpreted as evidence that frequency information is represented in images. As another
example, HUBBARD and STOECKIG's [ 14] subjects formed an image of a chord and then heard
a played chord (target) for a same/different comparison. The target was either identical,
different but musically related, or different and musically unrelated to the imagined chord.
Accuracy and reaction times were best for the identical, then unrelated, then related targets.
Because this pattern is also observed when the first chord is actually played, Hubburd and
Stoeckig concluded that musicai percepts and musical images share processing mechanisms.

The study of musical imagery seems particularly promising becausc of the complexity of
musical representations, and the importance of music within most human cultures. In
addition, musical imagery appears to be nearly ubiquitous, even among people without
formal musical training. HALPERN [11-137 has established in normal subjects that the
phenomenon of musical imagery can be measured in an objeclive and experimentally
rigorous fashion. Her interest was in demenstrating that internal representations of songs
preserve some of the features of real songs, the most important being the temporal extent and
ordering of the notes of the song. In the study of greatest relevance here, HaLpeErN [11] tested
musically unselected subjects in a task in which they mentally compared pitches
corresponding (o two words in a familiar song. Results showed a systematic increase in
reaction times as a function of the temporal distance between words (the stepsize), regardless
of instructions to use imagery or not. In addition, reaction times were longer when the first
word was drawn from the latter part of the song, than when it was drawn from ncar the
beginning (the startpoint). These resulis, which are analogous to the visual scanning studies
mentioned above, suggest that subjects mentally scan the song in real time, and further
suggest that songs have analog representations with temporal-like characteristics.

In the present study, we applied the technique developed to study musical imagery to
subjects with discrete, focal damage to onc lemporal lobe. The neuropsychological and
neurophysioiogical literature indicates that perceptual processing of auditory information is
closely linked to the function ol the temporal lobes. This conclusion is supported by
anatomical {9, 10], electrophysiological [3, 17], and blood flow activation studies [20, 307
indicating that primary and secondary auditory cortices are located within the superior
aspect of the temporal lobes. Furthermore, lestons of the temporal cortex result in various
types ol auditory processing deficits. Specifically, right temporal lobectomy leads to deficits
in tonal processing lasks, including discrimination of melodies [ 18, 22, 26] perception of the
pitch of the missing fundamentai [27], and short-term retention of pitch information [29].
However, a role for the left temporal lobe is also suggested in some instances, particularly for
recognihion memory tasks, and for songs in which the tune is mediated via the text of the song
[23, 24].
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Given the foregoing neuropsychological cvidence for the privileged role of the right
temporal cortex in many aspects of musical perception, and based on the hypothesis that
perceptual and imaginal processing sharc an underlying neural substrate, we predicted an
association between the breakdown of musical imagery and musical perceptual skills
following right temporai-lobe damage. If so, onc may be more confident that imagery and
perception share cognitive operations in neurologically intact people. The altcrnative
hypothesis, i.e. a dissociation between perceplual and imaginal deficits, would imply at least
partially separate mechanisms in these two functions, Such an alternative is feasible, in that
mental imagery might call upon more complex cognitive functions than those involved in
direct perceptual processing. If this hypothesis were correct, one would expect different
effects of right temporal-lobe damage on the two tasks.

We tested the prediction by developing analogous perceptual and imagery tasks using
familiar songs, modeled on HALPERNs [ 11] study. The judgment required in both tasks was a
simple pitch comparison, the only differcnce between the tasks being that in one case the song
was actually presented, whereas in the other the subject had to generate the tones internally
based upon the visually presented text. Groups of patients who had undergone left or right
temporal-lobe excision for the relief of intractable epilepsy were tested, together with
neurologically intact subjects, and we predicted a parallel deficit in perception and imagery
following right but not left temporal resection.

METHOD
Subjects

Twenty-cight patients whe had undergone unilateral temporal-lobe excision (14 on each side) for the treatment of
epilepsy participaled in the study, together with 14 normal control subjects, approximately matched for age, and
educational level {see Table 1), Musical training was approximately balanced across groups, with only a few subjects
in each group having had formal music lessons. All subjects spoke English, und were familiar with the songs selected
(see below).

Table 1. Characteristics of subjects: mean age, education, and neuropsychological
test data for patient groups

Group
Normal control  Left temporal  Right temporal

Age (years} 310 334 318
Education {years) 14.5 154 13.1
1Q Scores*

Verbal — 101.6 98.6

Performance — 110.1 94.1
Verbal memory¥

Immecdiate -— 7.8 10.4

Delaved 5.6 8.1
Visuospatial memory}

Copy score — 277 27.3

Delayed recall — 17.5 15.8

*From the Wechsler Adull Intelligence Scale—Revised.

tAverage of scores for two verbal passages from the Wechsler Memory Scale in
inmediate and 90-min delayed recall conditions (Max = 22).

IScorcs for copy and 45-min delayed recall of Rey Osterreith complex figure
(Max = 36).
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In all patients retained for study the pre-operative cerebral lesion, which usually dated [rom birth or early life, had
been well-lateralized and was of a static and atrophic nature. Patients were ¢xcluded from study if they presented
atypical speech representation, had known damage outside the region of surgical excision, had a fast-growing
tumor, or had a Full-Scale WAIS R IQ under 75. The surgical removals involved the anterior part of the temporal
neocortex, and included portions of the umypdala, uncus, parahippocampal gyrus and varying amounts of the
hippocumpus itself. The excision did not extend into any portion of the transverse gyri of Heschl, exeept for two
cascs in the RT group who had a partial removal within this zone, Testing was carried out either 2 weeks following
surgery (21 patients; 10 LT and 11 RT} or in follow-up, one or more years after undergoing operation (seven
patients: four LT and three RT). An illustration of a right temporal-lobe excision is given in Fig. L, which shows
magnctic resonance images of a representative case.

Neuropsychological test data available for the patients (Table 1} indicate WAIS—R IQ ratings in the average
range in both groups, with no significant difference between either Verbal or Performance scales [F (1, 24)=2.44,
P0.10]. Thus, the groups are well-matched with respect to overall intellectual function. However, the patients in
the LT group did demonstrate a specific verbal memory deficit, as expected bascd on the neuropsychological
literature. Bath immediate and delayed recall of verbal passages from the Weschler Memory Scale were impaised as
compared to the performance of subjects in the RT group [F{l, 23)=4.42, P <0.05]. No significant difference
between groups was ohserved, however, in the copy or recall of the Rey—Osterecith Complex Figure [# (1, 23)<1].

Materials

The first phrase of seven songs familiar to English speakers in North America provided the trials (cxamples
include “Jingle Bells”, “Pufl the Magic Dragen™ and “Joy to the World”). The experiment required a pool of trials
each consisting of two lyrics (“lyric” here always refers to a monosyllabic word, or the first syllable of a two-syllable
word). The first Iyric began on beat 1, 3 or 5 of the first phrase of the song (the variable known as “startpoint™). The
second lyric occurred 4, 6 or 8 beats away from the first lyric (the variable known as “stepsize”), lorming nine main
trial types. These requirements constrained the choice of songs to those with a sufficient number of unique words
falling unambiguously on the required bests. The two lyrics in each pair always had different pitches.

It proved impossible foreach song to provide all nine trial types, Instead, cach trial type was represenled by four to
six trials from different songs, for a totul of 45 main trials. In addition, six filler trials from startpoints and stepsizes
outside this scheme were included to approximately equalize the number of trials where the secend pitch was higher
(26) with trials where it was lower (25). The filler trials also hclped equalize the average interval distance between the
pitches in the higher and lower triats (5.34 and 5.72 scmitoncs, respectively).

To summarize. a total of 51 trials were used for both the perceptual and imagery task. Of these, 45 were distributed
among the nine trial types resulting from a combination of the three startpoints and three stepsizes. The filler trials
were included in accuracy analyses but excluded from reaction time analyses because startpoint and stepsize were
unique Lo each filler trial.

The first phrase of each song was sung in the soprano range by one of the authors (AH), a compelent amateur
singer. Each tunc was recorded and digitized for later presentation on a Compag 386 personal computer. Trials were
hlocked by song, and presestted in the same pscudorandom order for each subject, but a different order was used for
the perceptual and imagery tasks.

Pracedure

Subjects were initially screened for familiarity with the seven songs by presenting them with the titles and lyries of
each, and verifying thal they were indecd familiar. A second screening procedure was then undertaken to exclude
any subject who had diflicully with judgements of pitch, For this purpose a brief test was prepared in which two
toncs of different pitch were presended on each trial (2 sec duration, | sceinterstimulus interval), and the subject had
10 indicate if the second tone was higher or lower than the first. All subjects retained for study scored at least 15 oul of
16 trials correct; only one subject had to he excluded for failing the screening test.

The main cxperiment was conducled in two parts: first the pereeptual task, followed by the imagery task. Prior to
heginning the perceptual lusk, Lwo practice trials were given for each of the seven songs. During a trial the subject
heard the song over headphones and simultaneously viewed the full text on the computer screen. Two lyrics within
the text were capitalized, and the subject was instructed to indicate if the pitch corresponding to the second
capitalized lyric was higher or lower than the pitch of the first syllable. For example, in the casc of a trial such as
“dashing through the SNOW in a one-horsc open SLEIGH, o'er the fields we go, laughing all the way™ the pitch
corresponding to SLEIGH is higher than that of SNOW, and so the cotrect answer is “higher”. Subjects responded
by pressing a key on a computer keyboard. Reaction times were collected from the onset of the song, but the song
continued playing ta the end of the excerpt even if the subject responded before it had finished. Subjects were
instructed Lo listen carefully and to press the key as soon as they had made the pitch judgment. No feedback was
given after the practice trials had ended. The songs were presented in a blocked fashion; ie. all trials for each song
were completed before going on to the next onc.

For the imagery task, the procedure was identical except that no auditory stimulus was provided. The subjects
were instructed to make the pitch judgement according to the text on the screen, but to rely on their own internal
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Fig. 1. Diagram illustrating a typical removal in the right temporal labe (stippled area) based on the

neurosurgean’s drawing. together with magnetic resenance images taken through the arca of excision

in the horizontal (A) and coronal {B) planes, The removal in this case included the amygdala, and

most of the hippocampus and parahippocampal gyrus. us well as lemporal neocorlex. Note the

resection in the right superior temporal gyrus, seen in both horizontal and coronal views, as
contrasted with the intact left temporal lohe.
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auditory image of the song. They were not permitted to sing the song out loud ar to hum it, and were encouraged 1o
guess if not sure of the correct answer. The experimental session fasted about 45 min.

RESULTS

The accuracy results are presented in Fig. 2 as overall percent correct for each task for each
group of subjects. It is clear from the figure that the imagery task was more difficult than the
percepltual task for all subject groups, but that performance following right temporal excision
was impaired on both tasks. This conclusion was borne out by a two-way analysis of variance
which yielded significant effects of task [F(l,39)=2522. P<0.0001], and group
[F(2,39)=6.04, P <0.005], with no significant interaction. The latter main effect was due
entirely to the performance of the right temporal group, which performed significantly more
poorly than either the left temporal or normal control groups {P < (.01 by a Newman—Kculs
test), who in turn did not differ from one another. Two patients within this group had
received an excision encroaching onto Heschl’s gyrus; however, their performance on both
tasks was not particularly distinct from the other subjects in this group, and both of their
means fell near the average range for the group as a whole.

100
W Perceptual task
7 Imagery task
g
—
i
W 80
[+
8
— 70
=z
L
&
L 80
[
g 4
0 NC LT HT
GRCUF

Fig. 2. Mean percent correct for normal control Sle_]CCtS (NC), paticnits with left tempaoral-lobe

excision {LT), and patients with right temporal-lobe excision (RT) in perceptual and imagery tasks

(¥ = 14 in each group}. Error bars indicate one standard error of the mean. Fifty percent represents
chance performance.

The poor performance of the right temporal group prectudes complete analysis of their
reaction time data, since many subjects performed near chance levels on the imagery task,
and only correct trials yvield interpretable reaction time data. However, in order to be able to
make some comparison, we examined the reaction time data of those subjects who performed
well enough to permit meaningful analysis. We eslablished a criterion of 55% correct as near-
chance performance, excluding any subject who did not attain this level on the imagery task,
and then analyzed the reaction time results (correct trials only) for the selected subgroups
whose performance exceeded this level. This yielded nine subjects in the right temporal group
{average % correct 67.5) and 12 in the left temporal group (average % correct 76.6), along
with all 14 of the normal conirol subjects.

The reaction time data were then analyzed separately for the perceptual and imagery task,
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and also examined separately for stepsize effects and for startpoint effects. (Analysis was also
performed on logarithmically transformed reaction time values, but arc not reporied as the
results were essentially identical to those reported here for untransformed values. )

For the perceptual task the mean reaction times for cach stepsize and startpoint are shown
in Table 2, together with the associated error rates. Analysis of variance on the reaction times
demonstrated a highly significant main effect of stepsize [ F (2, 64)=190.8, P<0.0001]. as
well as of startpoint [F (2, 64)=142.6, P<0.0001], but no other significant effects. This
outcome confirms that reaction times increase as a function of increasing stepsize and
startpoint, and that all groups behaved in a similar manner with respect to these variables,

Table 2. Mean reaction times (in msec) and standard deviation (in parentheses).
together with % error rate (in bold face) as a function of stepsize and startpoint in
perceptual task

Stepsize Startpoint
4 6 8 1 3 3
Group
NC 7813 9782 10,601 7973 9647 10.577
(1398) {1642) (F452) {1178y {1703) {1814)
13.1 17.6 220 243 14.8 13.7
LT 7409 926t 1,262 7688 9063 10,181
(1377) (1267) {1685) {1333y {1309) {1627)
129 178 16.3 15.0 17.2 14.7
RT 7324 9207 9872 Th4h H79s U962
(1432) {1366) {1613} {1430)  {L188) (17434)
243 26.7 257 35.6 28.1 13.0

Note: Dula [or patient groups includes enly selected subjects who performed above
55% correct (see text).

For the imagery task, the reaction time and crror rate data are shown in Table 3. An
analysis of variance for group by stepsize of the reaction times vielded a significant group
cffect [F(2, 32)=23.80, P<0.05], as well as a significant stepsize effect [£ (2, 64)=13.86,
P<0.0001], but no interaction of the two factors. Inspection of the mcans (Table 3)
indicated that the right temporal group was faster overall, and that all subjects tended to
increase their reaction time for larger stepsizes.

The data for the startpoint effect were more equivocal, In this analvsis there was also a
significant group effect [F (2, 32)=3.96, P<0.03]. and there was also a group by startpoint
interaction [F (4, 64)=3.83, P<0.01]. The latter interaction seems to be primarily duc io Lthe
behaviour of the normal control subjects, who did not show a consistent increase in reaction
time as a function of startpoint (scc Table 3). Asin the previous analysis, the reaction times of
the right temporal group are faster than those of the other iwo.

The possibility that the fast performance on the imagery task by the right tempeoral
subjects was due to a speed—accuracy trade-ofl was tested by examining the relation between
mean performance on the imagery task and overall speed across the nine subjects retained for
this part of the analysis. No evidence in favour of this trade-ofT was found, since there was no
significant correlation (r= —0.57, P > 0.10) between %o correct and average reaction lime. In
fact, the trend is in the opposite direction, since subjects who performed best tended also to
have the lastest reaction times.
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Table 3. Mean reaclion times (in msce), and standard deviation {in parentheses}, together
with % crror rate {in beld face) as a [unction of stepsize and startpoint in imagery task

Stepsize Startpoint
4 6 8 1 3 5
Giroup
NC 8747 10,543 11,133 10,306 10,613 9505
{3442) (3696) (3546) (4121) (3622} (2940)
8.0 28.1 275 229 30.0 20.8
LT §522 9704 10.213 8033 9474 10,932
{3928) (3399) (4052) {2962) (3743) (4672)
26.9 30.3 28.6 3.5 309 234
RT 6174 7305 7264 6622 6820 7302
{1354} (1805} {1690) {1670) (1519 (1661)
s 40.4 42.2 45.3 43.1 27.0

Note: Dala for patient groups includes only sclected subjects who performed above 55%
correct {sge toxt).

DISCUSSION

The pattern of results supports the initial hypothesis that imagery and perception share a
commeon neural locus, at least in part, since right lemporal lobectomy resulted in reduced
performance on both types of tasks. The strongly lateralized effect was predicted, and is in
keeping with the literature on the importance of right temporal-lobe structures to melodic
processing [28].

The deficit we describe appears to be specific to structures within the right temporal lobe,
insofar as lesions of the left temporal neocortex did not produce any decrement at all on
cither task. Asis clear from the data in Table 1, damage to the left temporal lobe does have
deleterious effects on verbal memory, but it did not result in impaired performance on our
tusks. It is also of interest to note that visual imagery has been reported to be intact following
unilateral temporal-lobe excision. Arivisatos [1] used a visual mental-rotation task
modcled after that of Cooprr and SHEPARD [4] with groups of paticnts very similar to those
tested in the present study, and found normal functions relating reactien time to stimulus
orientalion. Thus, although other aspects of visual imagery have not been studied, we may
tentatively conclude based on currenl knowledge that the present results are modality-
specific.

The normal petformance of the left temporal-lobe group in the present study may be
somewhal surprising in view of SaMsoN and ZATorrE’s [23] evidence that such lesions do
impair memory for songs. In that study, the tune recognition deficit was confined to the right
temporal group when the tunes were presented separately from words (i.c. tunes without
words vs spoken words). However, for sung text, recognition of both the tune and the lyrics
was disturbed following either left or right temporal excision. In the present study, the pitch
judgement was based on acoustic information actually carried by the sung words (in the
pereeptual task), or at least indexed by the visual words (in the imagery task); given this
verbal component, one might have cxpected a deficit following left temporal excision. We
believe that these seemingly conflicting results can be reconciled, however, if the familiarity of
the songs is taken into account. Whereas SamsoN and ZATORRE [ 23] used novel materials,
the present study used highiy lamiliar, overlearned songs. It scems likely that in such songs,
after many listenings. the tune has become abstracted from the text to a large extent, and can
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be accessed independently from it. Furthermore, in the course of the experiment, the subjects
saw the text 12-18 times across trials; this additional practicc may compensate for any
residual verbal processing deficits. In any case, the intact performance of the left temporal
group argues strongly against any influcnce of the verbal component of the task on pitch
processing.

The reaction time results aliow us lo make additional inferences about how subjects were
performing the tasks. In the perceptual task the results clearly showed that most subjects
took longer to make judgements about lyrics that were distant from one another within the
song, #4s compared to those that were close in time (stepsize effect). This effect is not
surprising, as it simply reflects the fact that subjects were waiting to hear the second pitch
before making their judgement. The obtained pattern demonstrates that subjects understood
the task and were able to follow the instructions.

We also found a similar pattern of reaction time changes according to stepsize in the
imagery task in all three groups, replicating HALPERN's [11] resuits. This finding supports
our interpretation that the task actually requires access to some internal representation that
preserves temporal characteristics analogous to those of the real stimulus. This reasoning is
most strongly supported for the NC and LT group because their high accuracy makes them
comparable to the subjects in Halpern’s previous research. Thus in general, the similarity of
NC and LT groups suggests that the LT lesion has neither a quantitative nor qualitative
effect on the auditory imagery task.

Interpretation of the reaction time data from the right temporal group must be undertaken
with caution due to their overall poor performance. Recall that we selected only the subgroup
of right temporal patients whose performance was sufficiently above chance to permit
analysis, which is not necessarily a representative sample. Nonetheless, we observed the same
stepsize effect in this group as in the others on the trials they did perform correctly. This
finding suggests that the right temporal patients who were able to perform the task were
using strategies similar to those of the other groups, but perhaps less frequently or less
successfully.

The overall faster performance of the right temporal group on the imagery task is more
puzzling. Although we do not believe this reflects a simple speed accuracy trade-ofl for the
reasons outlined above, we cannot completely reject the possibility either. Furthermore, even
among the subjects retained, interpretation of the reaction time data is difficuit, since we
cannot tell for any given trial whether a correct answer was given as the outcome of a relevant
cognitive decision, or as a “lucky guess”,

Unlike HALPERN's [ 117 results, we did not observe any systematic reaction time changes
with the various startpoints used. This may have been due to our use of the complete text of
the song excerpt on the screen, and to our blocking of trials so that one song was tested al a
fime, Tn the previous study, subjects saw only two lyrics, and had to access a different song on
each trial, making it more likely that they had 1o scan from the beginning to find the right
place within the song. In the present study, however, it was probably much easier to jump to
the first lyric given the additional information provided by the full text. The fact that the NCs
were the least affected by the staripoint manipulation may simply show that they were most
able to use this efficient strategy.

Let us now consider which specific cognitive operations may be adversely affected by the
excision from the right temporal area. Three obvicus candidates arc (i) generating the tune
image from long-term memeory, (i) remembering the pitches to be compared, and (iii)
actually comparing the pitch of the two tones. A deficit in this last stage is least likely, because



FFFECT OF UNILATERAL TEMPORAL-LOBE EXCISION 23

all subjects passed our screening test of comparing the height of two sounded pitches, and
also because previous research has found simple pitch discrimination to be unaffected by
temporal-lobe damage [18, 27]. A deficit in tune generation may account for some part of the
lowered performance in the RT group. However, the subjects in this group were deficient
relative to the other groups even in the perceptual task, in which no tune generation was
required. Thus, inability to generate tuncs cannot be the sole cause of the deficit.

An inability Lo maintain a memory trace of a pitch would be consistent with previous work
on the function of the right temporal lobe [29]. If this explanation is valid, it would implicate
a deficit for retaining the pitch of imagined as well as real tones. This idea could be tested in
future research by reducing the memory load for pitch comparison. If both imagery and
perception tasks improve by the same amount with this reduced memory load, then we
would have evidence for the major deficit being in the pitch memory component of our task.
To the extent that the perception task might benefit more than the imagery task by the
mcmory load reduction, we would have evidence for an additional deficit in tune image
generation.

Finally, we consider how these findings fit within a broader neuropsychological model of
musical function. Although we have emphasized the important role of the right temporal
neocortex, there is little doubt that a complex function such as musical imagery depends on
many separate but closely interrelated structures, probably in both cerebral hemispheres. 1t
is of particular interest to consider the possible role of frontal-lobe mechanisms in this
respect. Much of the prefrontal cortex receives direct anatomical input from the superior
temporal gyrus [21], and there is evidence that the prefrontal cortex, especially in the right
hemisphere, plays a role in pitch judgement tasks [29, 30]. In the type of task explored in the
present study, one may hypothesize that frontal-lobe systems may contribute to image
generation, given the neuropsychological evidence that frontal-lobe damage affects various
aspects of response organization, selection and generation [19, 257. Tt will be important,
therefore for future research to focus on the effect of frontal-lobe damage on musical imagery.
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