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Abstract

The two cerebral hemispheres have distinct processing strengths. However, almost any
task calls on the skills of both hemispheres. In this thesis, I explore the integration of left- and
right-hemisphere processes in speech perception. Previous research has demonstrated that the left
hemisphere is specialized for processing the linguistic aspects of speech, and that the right
hemisphere is specialized for processing prosody, or information that is carried in the tone of
voice. The present series of experiments used an interference paradigm in which the linguistic
content of the stimulus conflicted with the tone of voice in which it was spoken. Two theortetical
viewpoints were considered. According to the shielding hypothesis, the fact that linguistic and
prosodic processes are carried out in opposite hemispheres should minimize the interference
between them. However, an alternative view is that there is a bilateral speech processing module
with a specialized callosal relay channel to maximize integration (and therefore interference)
between the two dimensions. These hypotheses were tested in a series of four experiments.

The first two experiments were designed to demonstrate that the stimuli met two criteria -
linguistic and prosodic dimensions were processed in opposite hemispheres, and they produced
interference. Experiments 3 and 4 used dichotic listening techniques to compare interference
within a hemisphere to interference between hemispheres. Results from both experiments were
incompatible with the shielding hypothesis, and the results from Experiment 4 were consistent with
the specialized callosal relay hypothesis, in that interference was greater across hemispheres than
within hemisphere.

In summary, the findings are consistent with the hypothesis that there is a specialized
callosal relay channel between linguistic processing centres in the left hemisphere and prosodic
processing centres in the right hemisphere. In the present study, this bilateral processing system
maximized interference between linguistic and prosodic processes. However, in most speech
processing situations, linguistic and prosodic information is congruent. The bilateral processing

system would therefore lead to highly efficient integration of both dimensions.
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Introduction

The two cerebral hemispheres have long been known to be specialized for different
processes. Early research on laterality focused on each hemisphere in isolation, through
the study of patients with unilateral brain damage (Broca, 1861) or callosal disconnection
(Sperry, 1974). Experimental techniques such as dichotic listening and visual half-field
presentation were developed and refined to produce functional isolation in the intact brain -
at least for a few milliseconds (Bryden, 1982). Catalogues of left- and right-hemisphere
skills were developed: the left hemisphere is specialized for language, temporal
processing, and praxis; the right for emotion, music, and spatial ability (see Hellige, 1993,
for a review).

The catalogue approach assumed that the left and right hemispheres are specialized
for different rasks. It has since become apparent that the two hemispheres may be
specialized for different processes, but that many different processes contribute to the
performance of any task. Although some processes may be completely lateralized (e.g.,
phonological processing appears to be restricted to the left hemisphere), other processes
may exhibit only relative specialization to one hemisphere. The question then becomes:
how do the hemispheres accomplish their division of labour, and how do they coordinate
their resources?

Division of Labour in the Hemispheres

There are two possible approaches to the division of labour across hemispheres.
The first is a division of processing based on division of input. For example, in the visual
modality, the left visual field (LVF) projects to the right hemisphere, and the right visual
field (RVF) projects to the left hemisphere. Each hemisphere may therefore process the
information with which it is presented, and then provide its products for integration.
Banich and colleagues have tested this hypothesis in their studies of the bilateral advantage
(see Banich, in press, for a review). In a typical experiment (Banich & Belger, 1990),

subjects compared a lateralized target stimulus to two probe stimuli - one in the same visual



field and one in the opposite visual field. When the comparison is simple (e.g., Does the
target have the same identity as either probe?) there is an advantage for within - hemisphere
processing. However, when the task becomes more complex (e.g., Does the target plus
one of the probes sum to a number greater than 107?) there is an advantage for cross -
hemisphere processing. The bilateral advantage has been interpreted in terms of an increase
in resources (in terms of neural space) when processing can be divided across

hemispheres. There is some cost associated with the integration stage, but when the task is
complex, the costs of integration are offset by the benefits of parallel processing.

According to this bilateral processing approach, the hemispheres divide processing
according to stimulus input. However, it is assumed that each hemisphere performs the
same type of processing. Another way that the hemispheres can share processing is for
each to process the same input in qualitatively different ways. For example, given that our
view of the world is not tachistoscopic, each hemisphere has equal access to the whole
visual scene (at least in central vision). However, the left hemisphere is specialized for the
processing of local information whereas the right is specialized for the processing of global
information (Lamb, Robertson, & Knight, 1989; Martin, 1979; Sergent, 1983). Each
hemisphere therefore performs different (possibly parallel) computations on the same input.
At some point, local and global analyses are integrated to produce a unified percept .

It is likely that a similar division of labour occurs in the processing of speech input.
Although left-hemisphere specialization for language is a central tenet of
neuropsychological theory, it has been demonstrated that the left hemisphere is specialized
for processing linguistic aspects of language (phonology, semantics, syntax) but that the
right hemisphere is specialized for the processing of pragmatic aspects, especially prosody
(information that is carried in the tone of voice). For example, patients with right-
hemisphere damage (particularly in right parieto-temporal areas) are impaired in their
Jjudgment of the emotional prosody of sentences (Heilman, Scholes, & Watson, 1975;

Tucker, Watson, & Heilman, 1977). A similar dissociation can be observed in normals.



Ley and Bryden (1982) presented dichotic sentences spoken in emotional tones of voice,
and had subjects make decisions about either the meaning or the tone of voice. For the
linguistic task, a right ear advantage (REA) was observed, reflecting left-hemisphere
specialization, whereas for the prosodic task, a left ear advantage (LEA) was observed,
reflecting right-hemisphere specialization. This finding suggests that each hemisphere
processes the same stimulus in a qualitatively different way.

The lateralization of linguistic and prosodic processing to opposite hemispheres is
referred to as a complementary pattern. Bryden and MacRae (1989) found that
complementarity of linguistic and prosodic processing could also be observed with single
words. They used the words "bower”, "dower”, "tower”, and "power", spoken in tones
of voice that were mad, sad, glad, and neutral. Stimuli were presented dichotically, such
that there was a different word in a different tone of voice at each ear on each trial. In the
linguistic task, subjects listened for a target word; in the prosodic task they listened for a
target tone of voice. As expected, an REA was observed for the linguistic task, and an
LEA was observed for the prosodic task.

In this thesis I will examine the integration of linguistic and prosodic information in
speech perception. Given that these two dimensions of speech are processed primarily in
opposite hemispheres, an examination of their interaction may serve to elucidate more
general principles of interhemispheric integration. Integration of linguistic and prosodic
information will be examined using a Stroop-like interference paradigm in which the
linguistic meaning of words can conflict with the prosodic voice in which they are spoken.

In a standard Stroop experiment, subjects are required to identify the ink colour in
which colour words are written (MacLeod, 1991; Stroop, 1935). Stimuli can be either
congruent, incongruent, or neutral with respect to the relationship between ink colour and
word. The typical finding is interference on incongruent trials relative to the neutral
condition, and (less consistently) facilitation on congruent trials. The Stroop effect is

asymmetric, that is, words interfere with the ability to identify ink colour, but ink colour



does not generally interfere with the ability to name words. Most theoretical accounts of
the Stroop effect suggest that interference arises at a response selection stage. The word
sometimes enters the response selection mechanism first, either because it is processed
faster (Morton & Chambers, 1973; Posner & Snyder, 1975) or automatically (Dunbar &
MacLeod, 1988; Stroop, 1935), or because it is more strongly associated with the response
(Cohen, Dunbar, & McLelland, 1990).

The stimuli for this series of experiments are the words "mad”, "sad", "glad", and
"fad", spoken in tones of voice that are mad, sad, glad, or neutral. Stimuli are therefore
congruent, incongruent, or neutral with respect to the relationship between linguistic and
prosodic information. The experiments are designed to examine the interference (and
therefore the integration) of these components when the dimensions can be processed
across hemispheres versus when they are processed in the same hemisphere. It is assumed
that, under binaural conditions, each hemisphere has equal access to both dimensions, so
each hemisphere processes the stimulus according to its own strengths. Dichotic
manipulations are used to examine interference that occurs within a single hemisphere.
Experiments 1 and 2 demonstrate that the two dimensions are processed in opposite
hemispheres, and that they do interfere with each other. Experiments 3 and 4 use dichotic
presentation to compare interference between and within hemispheres.
Models of Dichotic Listening Performance

The interpretation of results from a dichotic listening experiment depends on the
model of dichotic listening performance that is assumed. In a typical dichotic listening
experiment, competing stimuli are presented to each ear simultaneously. The auditory
system is configured such that there are both contralateral and ipsilateral pathways from
each ear to auditory cortex. However, it is thought that the ipsilateral pathways are
suppressed under dichotic conditions, producing solely contralateral projection (Kimura,
1967). This structural model can be contrasted with attentional models of dichotic listening

performance. For example, Kinsbourne (1975) proposed that the act of engaging in a



verbal task activates the left hemisphere, and produces a bias toward the right ear.
Similarly, engaging in a nonverbal (e.g., spatial) task leads to activation of the rignt
hemisphere, and a leftward bias. Although attentional factors can clearly contribute to the
production of perceptual asymmetries (Mondor & Bryden, 1992) there is compelling
anatomical evidence for the structural model of performance, based on findings with split-
brain patients who can verbally report the left ear stimulus under monaural conditions, but
not under dichotic conditions. (Clarke, David, & Zaidel, 1993; Kimura, 1967).

When subjects engage in verbal processing in a dichotic listening task, an REA is
typically observed. However, even if one assumes a structural model of performance,
there are a number of ways in which the REA might arise. Zaidel (1995) distinguishes
between direct access (in which stimuli are processed in the hemisphere to which they are
projected, regardless of hemispheric specialization) and callosal relay (in which stimuli
must be relayed to the appropriate hemisphere for processing). According to the direct
access account, the REA reflects the inferior linguistic capabilities of the right hemisphere,
which must process the left ear stimulus. Alternatively, the REA could reflect the delay
(and possible degradation) that occurs when the left ear stimulus must be relayed to the left
hemisphere. If one wishes only to determine which hemisphere is specialized for a specific
process, the distinction between direct access and callosal relay is irrelevant. However, if
one wishes to draw conclusions about the locus of processing with dichotic presentation,
these models need to be made explicit.

With respect to the present experiments, in which stimuli have both linguistic and
prosodic information, there are three possibilities for the locus of processing that is

produced by dichotic presentation. These are illustrated schematically in Figure 1.



Auditory

Cortex

Linguistic
A) Callosal Relay Processor

Prosodic
Processor

B) Direct Access

C) Mixed

Figure 1

Models of dichotic listening performance. Under the mixed model, there is direct access
for prosodic processing, but callosal relay for linguistic processing. Placement of modules
within hemispheres is schematic, and does not reflect anatomical localization.



A) Callosal relay for both linguistic and prosodic information Regardless of the ear of
presentation, linguistic information is processed in the left hemisphere, and prosodic
information is processed in the right hemisphere. Therefore linguistic information must be
relayed from the left ear stimulus, and prosodic information must be relayed from the right
ear stimulus. Both dichotic and binaural conditions therefore produce processing across
hemispheres. The callosal relay model is based on the premise of absolute specialization,
in that the operations of left and right hemispheres are mutually exclusive. All-or-none
models of hemispheric specialization are not well-accepted, and so this possibility will be
eliminated in future discussion.

B) Direct access for both dimensions For the right ear stimalus, both linguistic and
prosodic dimensions are processed in the left hemisphere, and for the left ear stimulus,
both dimensions are processed in the right hemisphere. Dichotic presentation therefore
produces within-hemisphere processing.

C) Callosal relay for linguistic information, and direct access for prosodic information.
Direct access and callosal relay are not competing hypotheses, and they are not mutually
exclusive. It is possible that the hemispheres process according to direct access if possible
(e.g., prosodic processing), but resort to callosal relay for phonological processing.
Consistent with this hypothesis is the finding that lateralization of prosody is not as strong
or as consistent as that for phonological processing (Bryden & MacRae, 1989; Grimshaw,
Bryden, & Finegan, 1994; Ley & Bryden, 1982). Studies of clinical populations also
point to some capacity for prosodic judgment in the left hemisphere (Bowers et al., 1987).
but little or no capacity for phonological processing in the right hemisphere (Zaidel &
Peters, 1981). This model may be particularly appropriate when subjects are attending to
the prosodic content of the stimulus, and linguistic information is unattended. According to
this model, right ear presentation produces processing within the left hemisphere, but left

ear presentation produces cross-hemisphere processing.



Theories of Interhemispheric Integration

There are two theoretical perspectives that predict different relations between
lateralization of linguistic and prosodic processes and the interference between them. Each
is based on differing viewpoints of the role of the corpus callosum and other commissures
in interhemispheric interaction (see Chiarello & Maxfield, 1996, for a review of these and
other models of interhemispheric inhibition).

The corpus callosum is the largest fibre tract in the human brain, consisting of
approximately 200 million fibres (Aboitiz, Scheibel, Fisher, & Zaidel, 1992), ranging in
size from very small, unmyelinated axons (less than 2 um) to gigantic, myelinated axons
(larger than 3 um). Callosal fibres connect mainly homologous areas of cortex. Primary
sensory areas are connected by large, fast fibres, whereas association areas are connected
by small, slow fibres. The callosum is therefore highly heterogeneous, and it has been
proposed that there are callosal channels (distinguished by topography, size, and speed)
that serve different functions (Banich, 1995; Braun, Sapin-Leduc, Picard, Bonnefant,
Achim, & Daigneault, 1994; Kinsbourne, 1995). It is therefore not necessary for callosal
function to be uniform in all situations. There are also a number of subcortical
commissures that can convey limited types of information.

The most traditional view of the role of the callosum in interhemispheric integration
is that it acts as a shield to isolate each hemisphere from the other. More controversially,
Robertson and colleagues (Lamb, Robertson, & Knight, 1989; Robertson, Lamb, &
Zaidel, 1993) have proposed that the callosum acts as a specialized communication channel
between component processes in left and right hemispheres. In the remainder of the
introduction each theory will be reviewed and explicit predictions made about the patterns
of interference that should be observed between linguistic and prosodic processes in this

series of studies.



The Shielding Hypothesis

According to the shielding hypothesis, the corpus callosum is a gate that protects
each hemisphere from the other, permitting independent and parallel processing. Of
course, the gate must open (at some late stage of processing) to allow the integration of left-
and right-hemisphere computations. This hypothesis has its roots in Kinsbourne and
Hicks' (1978) Functional Cerebral Distance Hypothesis, which states that the interference
between two tasks is inversely proportional to the functional distance between the
anatomical substrates that subserve those tasks, and that points in opposite hemispheres are
maximally distant. This premise was formalized by Friedman and Polson (1981), who
claimed that the two hemispheres have independent and mutually inaccessible pools of
resources (but see Pashler & O'Brien, 1993). Therefore, two processes that are completed
entirely in opposite hemispheres should not interfere with each other. Recall from Figure 1
that, according to the direct access model, presentation to each ear produces within-
hemisphere processing (and therefore interference). According to the mixed model, right-
ear presentation should produce interference, but left-ear presentation, which produces
cross-hemisphere processing, should not produce interference.

The shielding hypothesis has been used with some success for the localization of
cognitive function using dual task methodology. For example, concurrent verbal activity
affects right finger-tapping more than left finger-tapping, whereas concurrent spatial
processing affects left finger-tapping more than right finger-tapping (Hiscock, 1982).
Similarly, verbal memory for nonsense syllables is better during left finger-tapping than
during right finger-tapping (Friedman, Polson, & Dafoe, 1988).

Shielding is assumed in the explanation of the bilateral advantage described above
(Banich, in press). Recall that the bilateral advantage is proposed to result from the
increase in resources that are available when processing can be divided across hemispheres,
following the assumption that the hemispheres have independent resource pools. Each

hemisphere is presumed to process its input in an independent and parallel fashion.



However, Chiarello and Maxfield (1996) have argued that, although callosal shielding is
implied in the explanatinn of the bilateral effect, it is not a necessary conclusion on the basis
of the data. Indeed, an ~dvantage for cross-hemisphere processing may reflect more
efficient connectivity (and integration) across hemispheres than within hemispheres.

Findings about the lateralization of the Stroop effect are mixed, but they provide
limited support for the shielding hypothesis. The primary prediction of the shielding
hypothesis is that interference should be greater within a hemisphere than across
hemispheres. This hypothesis has been tested using a paradigm in which the word and
colour patch are spatially separated, and performance is compared for bilateral versus
unilateral presentation (note that the interpretation of results from these experiments makes
the implicit assumption of direct access for both word reading and colour naming with
lateralized visual presentation). Several experimenters have used this paradigm and found
greater interference for unilateral versus bilateral presentation (David, 1992; Zaidel, 1994)
although others have observed no differences (Weekes & Zaidel, 1996; Shenker, Dori &
Banich, 1994).

A corollary of the shielding hypothesis is that the pattem of interference within a
hemisphere will be influenced by hemispheric specialization. Specifically, greater Stroop
interference should be observed in the verbally oriented left hemisphere than in the
nonverbal right hemisphere (assuming that colour naming can be performed by either
hemisphere). This hypothesis has been confirmed in a number of studies using lateralized
presentation of Stroop stimuli (Guiard, 1981; Hugdahl & Franzon, 1985; Schmitt & Davis,
1974). To the extent that the stimuli in the present series of experiments are Stroop-like,
one might predict similar results. Specifically, one might expect more linguistic
interference in the left hemisphere, and more prosodic interference in the right hemisphere.

Predictions from the shielding hypothesis are outlined in Table 1.

-10-



Specialized Callosal Channels

An alternative to the shielding hypothesis comes from Robertson and colleagues
(Lamb, Robertson, & Knight, 1990; Robertson, Lamb, & Zaidel, 1993), who suggest that
the callosum does not reduce interference, it causes it. Their hypothesis is specific to the
integration of global and local information in visual processing. There is considerable
evidence that the left hemisphere is specialized for the processing of local information, and
the right hemisphere is specialized for the processing of global information. For example,
when copying a hierarchical stimulus (e.g., a large letter "S" made of small letter "T"s),
patients with left hemisphere damage (particularly in areas of the temporo-parietal junction)
will draw the global letter but not its local elements, whereas patients with damage in
homologous areas of the right hemisphere will draw the local elements, but not arrange
them into an appropriate global configuration (Delis, Robertson, & Efron, 1986; Robertson
& Lamb, 1991). Studies of split-brain patients indicate that hemispheric specialization
reflects a processing bias toward global or local levels, and not absolute lateralization of
processing (Robertson, Lamb, & Zaidel, 1993). All three split-brain patients tested by
Robertson et al. were able to make global judgments (identifying the global letter of
hierarchical stimuli) of stimuli presented to the left hemisphere, and two of three were able
to make local judgments of stimuli presented to the right hemisphere.

In normal subjects, global information interferes with local processing (Navon,
1977), a phenomenon known as global interference. Interestingly, both in patients with
unilateral damage to temporo-parietal junction (T-P; Lamb, Robertson, & Knight, 1989,
1990) and in split-brain patients (Robertson et al., 1993), global interference is absent. In
a series of 12 patients with unilateral T-P damage (5 left hemisphere and 7 right
hemisphere), Robertson et al. (1990) found that left T-P damage produced very long
responses to local information (250 ms global advantage versus a 30 ms global ad--antage
in normals), but no global interference. In the studies of the three split-brain patients

(Robertson et al., 1993), hierarchical stimuli were presented unilaterally. Patients
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identified the global or local letters in separate blocks. When stimuli were presented to the
right hemisphere, RTs for global identification were similar to those for controls, but RTs
for local identification were much slower (300 - 400 ms). None the less, none of the
subjects demonstrated global interference, and in fact, two of the three exhibited slightly
longer RTs when information at global and local levels was congruent than when it was
incongruent. When stimuli were presented bilaterally, so that each hemisphere could
process according to its own processing strengths, global interference was still absent.
This finding suggests that it is interhemispheric communication that produces giobal
interference. The effect is specific to the processing of global.and local information, and
does not represent some generalized ability to inhibit unattended information. For example,
these same patients still exhibit normal Stroop interference (Henik, Lamb, & Robertson,
1993, cited in Robertson, 1995).

This pattern of results is highly counter-intuitive, especially given our often implicit
acceptance of the hemispheric shielding view of interhemispheric interaction. However,
Robertson and colleagues argue that it reflects the operation of a highly efficient bilateral
system that integrates global and local analyses to produce unified visual perception.
Global/local integration is therefore a desirable product of visual processing, and it is only
under the artificially contrived situation in which global and local analyses conflict that
interference arises. A specialized communication channel is proposed to connect
homologous areas of T-P cortex. When this channel is disrupted, either through callosal
disconnection or unilateral damage, global and local levels of analysis can no longer
interact, and global interference is no longer observed.

Robertson's results might also be conceptualized in terms of differing mechanisms
of selection across versus within hemispheres. Given that each hemisphere can process at
either the global or local level, early selection mechanisms within a hemisphere must bias

processing toward one level, and eliminate the possibility of interference between levels.



However, across hemispheres, global and local analyses run in parallel, leading to late
selection of one dimension, and the potential for interference.

Although Robertson’s hypothesis is specific to the integration of global and local
information in visual processing, it is possible that a similar bilateral system operates for
the integration of linguistic and prosodic information in speech perception. If so, maximal
interference between linguistic and prosodic information would be expected when
processing is divided across hemispheres. According to a direct access model of dichotic
listening, no interference would be expected with dichotic presentation to either ear, as this
produces processing of both dimensions within the same hemisphere According to the
mixed model, one would expect interference with presentation to the left ear (as this
produces cross-hemisphere processing) but not with presentation to the right ear (as both
dimensions are then processed in the left hemisphere). This pattern might be particularly
evident when subjects are attending to the prosodic dimension, as this is the situation in
which callosal relay of linguistic information is most likely. These predictions are outlined
in Table .

Experiments 1 and 2 establish that the stimuli used in this series of experiments
meet two criteria: First, the linguistic and prosodic dimensions are procéssed in opposite
hemispheres and second, they interfere with each other. Experiments 3 and 4 examine
interference that occurs under dichotic conditions, in order to examine interference within

and across hemispheres.
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Table 1

Predicted patterns of interference on linguistic and prosodic tasks.

Model of Dichotic Listening

Theory Direct Access Mixed
Shielding
Linguistic Task L>R R>L
Prosodic Task R>L R>L

Callosal Channel
Linguistic Task L=R=0 L>R
Prosodic Task L=R=0 L>R

Note: Each cell depicts the relative magnitude of interference from the opposite dimension.

L = Left Ear, R = Right Ear.
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EXPERIMENT 1

Experiment | was designed to determine if the linguistic and prosodic dimensions
of the stimuli are processed in opposite hemispheres. It employed a target detection
procedure similar to that in Bryden and MacRae (1989). Stimuli were presented
dichotically, and subjects attended to a linguistic target in one block, and a prosodic target
in another block. It was expected that an REA would be observed on the linguistic task,
and an LEA would be observed on the prosodic task.

Method

Participants

Participants were 32 right-handed undergraduate students (16 men and 16 women).
All spoke English as a first language, or leamned English before the age of 5. None had any
history of audiological problems. They received either course credit or payment for their
participation.
Stimuli and Apparatus

Stimuli for this and all other experiments were the words “mad”, “sad”, “glad™ and
“fad”, spoken in emotional tones of voice that were mad, sad, glad, or neutral. Words
were spoken in a female voice and digitized in 16 bits at a sampling rate of 44.1 kHz on a
PowerMacintosh 7100AV computer, using SoundEdit 16 software. Individual speech
tokens were edited to include 30 ms of silence prior to the onset of the initial burst, and
were truncated if necessary at 750 ms. Four samples of each token were initially recorded,
for a total of 64 tokens. These tokens were then presented binaurally in random sequence
to four raters who were required to identify the emotional tone of voice without time
pressure. On the basis of these ratings, one sample of each token was selected for which
the emotional tone had been identified with 100% accuracy. Tokens were then combined in
all possible pairings, with the constraint that a different word and a different tone of voice
were presented to each ear on each trial. This produced 144 stimulus pairs. The

experiment was presented on a PowerMacintosh 7100AV computer equipped with a 15



inch AV monitor through JVC headphones with circunaural cushions. PsyScope software
was used to control the experiment (Cohen, MacWhinney, Flatt, & Provost, 1993). The
same computer apparatus was used for all five experiments.
Procedure

Participants attended to a linguistic target and a prosodic target in separate blocks.
Initially, they heard each of the 16 tokens presented once binaurally, and they were
required to indicate if their target was present or absent, using the index fingers of the left
and right hands on the (z] and (/] keys of the computer keyboard. Participants then
proceeded to -the dichotic trials. They were instructed to indicate whether their target was
present in either ear, or absent. Targets were present on 50% of the trials, half in the left
ear and half in the right ear. Participants were instructed to respond as quickly and as
accurately as possible, and response time (RT) was recorded. They then proceeded to their
second target, repeating the binaural practice trials and then the experimental dichotic trials.
Subjects performed 2 blocks of 72 trials for each task, for a total of 288 trials. Earphones
were reversed between the first and second blocks of each instructional condition to control
for mechanical effects. Each possible target combination was assigned to two subjects (1
man and 1 woman). Task order and response hand for present versus absent trials were
counterbalanced across subjects. The experiment took approximately 30 minutes to
complete.

Results and Discussion

Mean response times for correct responses were calculated for each condition.
Outliers were identified using a simple recursive outlier procedure with a criterion of 3
standard deviations (Van Selst & Jolicoeur, 1994). Fewer than 1% of data points were

excluded on this basis. Mean RT's and error rates (misses) are presented in Figure 2.
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Figure 2. Experiment 1: Response times (A) and error rates (B) for the detection of
linguistic and prosodic targets as a function of ear.
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Response Times

RTs for present trials were analyzed in a 2 (Task) x 2 (Ear) x 2 (Sex) x 2 (Response
Hand) analysis of variance (ANOVA) with Task and Ear as within-subjects variables, and
Sex and Response Hand as between-subjects variables. No effects of Sex or Response
Hand were observed, and so they were eliminated from the analyses. A main effect of
Task was observed, F(1, 31) = 28.50, p < .001, reflecting faster responses for linguistic
targets. Also, a Task x Ear interaction was observed, F(1, 31) = 4.44, p <.05. Planned
comparisons of the ear advantage for each task revealed a significant REA of 112 ms for
the linguistic task, ¢ (31) = 3.52, p = .001, and a nonsignificant LEA of 52 ms for the
prosodic task, #(31) = -0.95, ns (see Figure 2).

Error Rates

Error rates for present trials (misses) were analyzed in a similar manner. The main
effect of Task was again observed, F (1, 31) = 14.68, p = .001, as was the Task x Ear
interaction, F(1, 31) = 10.98, p =.002. A significant REA was observed for the linguistic
task, #(31) = 2.40, p = .02 and a significant LEA was observed for the prosodic task, #(31)
= -2.06, p = .04.

Experiment 1 clearly indicates that there is differential hemispheric specialization for
the two dimensions of these stimuli, with linguistic information processed primarily in the
left hemisphere, and prosodic information processed primarily in the right hemisphere.
They are therefore good candidates for this study of interhemispheric integration. Although
both the interaction of Task and Ear and the REA for linguistic targets were significant in
both RT and error data, the LEA for prosodic targets was significant only in the error data.
It should be noted that the LEA for prosodic information was smaller than the REA for
linguistic information, a common finding in laterality studies, which may reflect some left-

hemisphere competence for prosodic analysis.
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EXPERIMENT 2

Experiment 2 consisted of a binaural identification task in which subjects identified
either the word or the tone of voice of each stimulus. Although interference in the standard
Stroop task is asymmetric, that is, words interfere with colour-naming, but colours do not
interfere with word-naming, it was not clear what pattern of interference should be
observed between linguistic and prosodic information. This experiment therefore identified
the interference pattern that should be expected under standard binaural conditions.

Method

Participants

Participants were 24 right-handed undergraduate students (12 men and 12 women).
All were either native speakers of English, or learned English before the age of 5. None
reported any history of audiological problems. They received either course credit or
payment for their participation.
Stimuli and Apparatus

The stimuli were the same auditory tokens used in Experiment 1, presented on the
same computer system. Stimuli were either congruent (e.g., “mad” in a mad voice),
incongruent (e.g., “mad” in a glad voice), or neutral. Neutral stimuli for the linguistic task
were the words “mad”, “sad”, and “glad” spoken in a neutral tone of voice. Neutral
stimuli for the prosodic task were the word “fad” spoken in mad, sad, and glad voices.
Procedure

Participants attended to either the tone of voice or the word in separate blocks. In
the linguistic task, they identified the words “mad”, “sad”, and “glad” spoken in tones of
voice that were mad, sad, glad, or neutral, using the three middle fingers of one hand on
the b}, [n], and [m] keys of the computer keyboard. In the prosodic task, they identified
the emotions mad, sad, and glad, carried by the words “mad”, “sad”, “glad” and “fad”,
using the same three fingers on the same keys. Each block of 72 experimental trials was

proceeded by 36 neutral practice trials, that were designed to help subjects learn the
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response mapping. Equal numbers of congruent, incongruent and neutral trials were
presented. Response hand and response mapping (6 possible configurations) were
counterbalanced across subjects. The experiment took approximately 15 minutes to
complete.
Results and Discussion

Response times for correct responses were subjected to a recursive outlier
procedure using a criterion of 3 standard deviations (Van Selst & Jolicoeur, 1994). Fewer
than 1% of data points were eliminated on this basis. Although both congruent, neutral,
and incongruent stimuli were presented, only neutral and incongruent trials (i.e.,
interference) were analyzed. Because attention to either dimension on a congruent trial
leads to the same response, it is impossible to know the source of any facilitation. Better
performance on congruent than neutral trials may not reflect true cognitive facilitation, but
might rather be an artifact produced by the participant occasionally responding to the wrong
dimension (MacLeod & MacDonald, in press; Vanayan, 1992). Therefore, all analyses are
based on only neutral and incongruent trials. All data for congruent trials (for this and all
other experiments) are presented in the appendices.
Response Times

Mean response times for each condition are presented in Table 2. They were
analyzed in a 2 (Task) x 2 (Congruency) x 2 (Response Hand) analysis of variance with
Task and Congruency as within-subjects variables, and Response Hand as a between-
subject variable. A main effect of Congruency, F(1, 22) = 12.40, p = .002 and a main
effect of Task, F(1, 22) =22.52, p < .001 were modulated by a Task x Congruency
interaction, F (1, 22) = 11.52, p = .003. RTs were much shorter for the linguistic task
than for the prosodic task. Interference effects were assessed for each task separately and

are presented in Figure 3A. In this and in all experiments, interference is assessed
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as the difference between incongruent and neutral trials. All statistical tests of interference
effects are one-tailed, because, by definition, interference occurs when performance on
incongruent trials is slower or less accurate than that on neutral trials. Significant
interference was observed in both the prosodic #(23) = 3.92, p < .001 and lingustic tasks,
1(23) = 1.98, p = .03.

Error Rates

Error rates are presented in Table 3, and were analyzed in a similar manner.

Again, main effects of Congruency, F(1, 22) = 8.46, p = .008, and Task, F(1,22)=7.17,
p =014 were observed. Error rates were higher on the prosodic task than on the linguistic
task. The Task x Congruency interaction that was observed in the RT data approached
significance, F (1, 22) = 3.93, p = .06. Interference was significant in the prosodic task,
1(23) = 3.50, p = .001, but not in the linguistic task, #(23) = 0.40, ns. Interference effects
are presented in Figure 3B.

In summary, linguistic information produced a great deal of interference when
subjects were identifying the prosodic content of the stimulus. Although mean RTs for the
prosodic task were almost 200 ms slower than those for the linguistic task, prosodic
information still produced significant but modest interference when subjects were
identifying the linguistic content of the stimulus. This suggests that speed-of-processing
cannot account entirely for the interference that is observed on the prosodic task, although a
task that is, on average, slower can interfere with one that is, on average, faster, if there is

some overlap in the response time distributions (MacLeod, 1991).
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The results of Experiments I and 2 together indicate that linguistic and prosodic
dimensions of these Stroop-like stimuli are processed primarily in opposite hemispheres,
and they interfere with each other. They are therefore excellent stimuli for the investigation
of interhemispheric interference. Experiments 3 and 4 examine interference that is
observed under binaural conditions, when hemispheres can divide processing according to
their own sticugiits, and that observed under conditions of dichotic stimulation, when the

stimulus is initially projected to only one hemisphere.



EXPERIMENT 3

Experiment 3 used dichotic presentation in order to examine interference when
stimuli were initially projected to one hemisphere or the other. On a dichotic trial, the target
stimulus was presented to one ear, and the neutral word "fad" was presented to the other
ear. This distractor stimulus was required to produce dichotic presentation, and therefore
maximize ipsilateral suppression. However, it provided no specific interference or
facilitation for either the linguistic or prosodic dimension. Subjects identified the word or
the tone of voice, and responded to the stimulus in the right ear or left ear in separate
blocks.

Recall that the actual locus of processing with dichotic presentation is not known,
but inferences depend on the model of dichotic listening that is assumed. Under direct
access, both dimensions of the stimulus from the left ear are processed in the right
hemisphere, and both dimensions of the stimulus from the right ear are processed in the left
hemisphere. Both left- and right-ear presentation therefore produce within-hemisphere
processing. The shielding hypothesis therefore predicts that interference will appear under
dichotic conditions, and that linguistic interference will be greater in the right ear and
prosodic interference will be greater in the left ear. In contrast, the callosal channel
hypothesis predicts that interference will be eliminated under dichotic conditions. Under
the mixed model, with callosal relay for linguistic information and direct access for
prosodic information, linguistic information is always processed in the left hemisphere, but
prosodic information is processed in the left hemisphere with right ear presentation, and in
the right hemisphere with left ear presentation. Therefore right-ear presentation produces
within-hemisphere processing, and left-ear presentation produces cross-hemisphere
processing (see Figure 1). The shielding hypothesis therefore predicts greater interference
at the right than at the left ear (regardless of task), and the callosal channel hypothesis

predicts greater interference at the left than at the right ear.




Binaural trials, in which the target stimulus was presented to both ears, were mixed
with the dichotic trials. Binaural trials served two purposes. First, they provided a
baseline measure of interference that occurs when both hemispheres have equal access to all
information, and can divide processing according to hemispheric specialization. Second,
they allowed an examinaiion of the effects of attending to either the left or right ear on the
interference between linguistic and prosodic dimensions. It is assumed that dichotic
presentation influences the locus of processing (according to the models described above),
and therefore any differences between the ears reflect differences within or across
hemispheres. However, it is also possible that attention to a single ear (especially over a
block of trials) produces activation of the contralateral hemisphere (Kinsbourne, 1970).
Therefore, attention to the right ear may bias performance toward linguistic processing, and
attention to the left ear may bias performance toward prosodic processing. If so, different
patterns of interference may be observed on binaural trials as a function of the direction of
attention.

Method

Participants

Participants were 32 right-handed undergraduate students from the University of
Waterloo. None reported a history of hearing problems, and all were either native speakers
of English or learned English before the age of 5. They were paid for their participation.
Stimuli and Apparatus

Stimuli were the same as those described in Experiment 1. On dichotic trials, a
target stimulus (congruent, neutral, or incongruent) was presented in the attended ear, and
the neutral word "fad" was presented in the opposite ear. On binaural trials, the target
stimulus was presented to each ear.
Procedure

Each task manipulation (linguistic or prosodic identification) was preceded by 36

binaural practice trials (to teach response mapping). Each task condition consisted of 4



blocks of 36 trials. Subjects attended to and reported from one ear in the first and fourth
blocks, and from the other ear in the second and third blocks. Earphones were reversed
after the second block to control for mechanical effects. Within blocks, one half of the
trials were dichotic, and one half were binaural. Subjects identified the stimulus in the
target ear as mad, sad, or glad, using the keys [b], [n], and [m], respectively. Half of the
subjects responded with the middle three fingers of their left hands, and half with the
middle three fingers of their right hands. Although it would have been desirable to balance
response hand within subjects, the three-finger response mapping proved difficult to
translate across hands. Orders of task and ear of report were also counterbalanced across
subjects. The experiment took approximately 30 minutes to complete.

The design was a 2 Task (linguistic/prosodic) x 2 Congruency (neutral/incongruent)
x 2 Presentation (dichotic/binaural) x 2 Attended Ear (left/right), x 2 Response Hand
(left/right) factorial ANOVA with 12 trials per condition.

Resuits and Discussion

Response Times

RTs were subjected to a simple recursive outlier procedure on a cell by cell basis,
with a criterion of 3 standard deviations (Van Selst & Jolicoeur, 1994). Fewer than 1% of
the data points were excluded on this basis. Mean RTs are presented in Table 4.
Interference effects are presented in Figures 4A (linguistic task) and 5A (prosodic task).
Because of the large number of comparisons associated with a 5-way design, analyses
were carried out to test specific hypotheses. First, the omnibus ANOVA is reported, for
completeness. Then, interference effects are analyzed for binaural and dichotic conditions
separately. The analysis of binaural trials was carried out to confirm that the typical pattern
of interference (as demonstrated in Experiment 2) was still observed, and to determine
whether directed attention itself influenced that pattemn. Analysis of dichotic trials was
planned to compare the magnitude of interference when the stimulus is presented to the left

or right ear. This analysis is the test of the two hypotheses of interhemispheric interaction.
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Omnibus ANOVA. Mean RTs were analyzed in a mixed analysis of variance with
Task, Ear, Presentation and Congruency as within-subjects variables, and Response Hand
as a between-subjects variable. Because of the large number of effects associated with a 5-
way analysis, only significant effects will be reported here. The omnibus ANOVA revealed
main effects of Task, F(1, 30) = 63.05, p < .001, Ear, F(1, 30) =4.22, p = .049,
Presentation, F(1, 30) = 26.08, p < .001, Congruency, F(1, 30) = 10.27, p = .003, and
interactions of Type x Congruency, F(1, 30) = 5.42, p =.027, Hand x Task x Ear, F(1,
30) = 4.47, p =.043, and Hand x Task x Ear x Type x Congruency, F(1,30)=4.37,p=
.045.
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Binaural Trials. In order to examine the effects of directed attention on binaural
performance, a separate ANOVA was carried out for binaural trials. The results revealed
the expected main effects of Task, F(1, 30)= 57.01, p < .001, and Congruency, F(1, 30) =
15.28, p < .001, as well as a main effect of Ear, F(1, 30) = 5.57, p = .025, which
reflected faster response times when subjects were attending to the right ear. Importantly,
this ear advantage did not interact with Task or Congruency. It is interesting to note that
the Task x Congruency interaction did not approach significance, F(1,30)=1.28,p=
.266, indicating that, in contrast to Experiment 2, equivalent interference was observed on
linguistic and prosodic tasks. Overall, there was 37 ms of interference on the linguistic
task, and 69 ms of interference on the prosodic task.

Dichoric Trials. Of greatest interest for the hypotheses is the comparison of
interference effects at left and right ears under dichotic conditions. Therefore, an ANOVA
was carried out on just dichotic trials. This analysis revealed only the expected main effect
of Task, F(1, 30) = 56.90, p < .001. However, several interactions approached
significance. The interaction of Hand and Congruency, F(1, 30) = 3.72, p = .063 reflected
the fact that larger interference effects were observed with the left hand. This difference
must be qualified by the inexplicable finding of 60 ms of facilitation (incongruent trials
faster than neutral trials) on the linguistic task in the right ear of subjects who responded
with the right hand. Most importantly, the interaction of Ear and Congruency, F(1, 30) =
3.79, p = .061, reflects greater interference overall in the left than in the right ear. This
effect did not interact with Task.

In summary, greater interference was observed in the left ear than in the right ear,
for both the linguistic and prosodic tasks. Furthermore, interference effects were larger in
subjects who responded with the left hand. These findings cannot be reconciled with the
shielding hypothesis of interhemispheric interaction. However, they are consistent with a
callosal-channel account if one assumes the mixed model of dichotic-listening performance,

in which direct access is observed for prosodic processing, but callosal relay is necessary
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for linguistic processing. According to this model, when stimuli are presented to the right
ear, both linguistic and prosodic dimensions are processed in the left hemisphere. It is in
this within-hemisphere condition that interference is eliminated. This pattern is particularly
evident on the prosodic task (see Figure 5). The effect of response hand is also consistent
with the callosal-channel interpretation. It is when subjects are responding with the left
hand that prosodic processing is most likely to occur in the right hemisphere, as both
processing and output factors are biased toward the right.
Error Rates

Omnibus ANOVA. Percent errors were similarly analyzed in a 5-way ANOVA,
with Task, Ear, Presentation, and Congruency as within-subjects variables, and Response
Hand as a between-subjects variable. Cell means are presented in Table 3, and interference
effects are plotted in Figures 4B and 5B. The omnibus ANOVA revealed main effects of
Task, F(1, 30) = 48.15, p < .001, Presentation, F(1, 30) = 12.81, p < .001, and
Congruency, F(1, 30) = 60.87, p < .001, and a Type x Congruency interaction, F(1, 30) =
9.94, p = .004. These effects all mirrored those in the RT data. A Task x Congruency
interaction, F(1, 30) = 22.51, p < .001 indicated that greater interference was observed on
the prosodic than on the linguistic task.

An interaction of Hand x Ear x Congruency was observed, F(1,30)=4.85,p=
035. In general, interference effects were larger in the left ear in subjects who responded
with the left hand, but were larger in the right ear of subjects who responded with the right
hand. This effect interacted with Presentation, F(1, 30) =4.19, p = .05, such that it was
observed only on dichotic trials. This Hand x Ear interaction suggests that interference
effects are larger when callosal relay is not necessary for response execution.

Binaural Trials. Analysis of the binaural trials revealed only the expected effects of
Task, F(1, 30) = 55.99, p < .001, Congruency, F(1, 30) = 7.07, p = .012, and the Task x

Congruency interaction, F(1, 30) = 12.06, p = .002. There were no main effects or
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interactions involving ear, indicating that directed attention did not influence accuracy in the
binaural condition.

Dichotic Trials. Performance was compared on left- and right-ear dichotic trials.
This analysis again revealed the effects of Task, F(1, 30) = 16.59, p < .001, Congruency,
F(1, 30) = 81.06, p < .001, and the Task x Congruency interaction, F(1, 30) = 12.96, p =
.001. There was an interaction of Hand x Ear x Congruency, F(1, 30) =7.00, p = 013,
and there was a trend for this effect to interact with Task, F(1, 30) = 3.20, p = .084. In
subjects who responded with the left hand, there was more interference at the left than at
the right ear on both the linguistic and prosodic tasks. This pattern is consistent with that
observed in the RT data, and with that predicted by the callosal channel hypothesis.
However, in subjects who responded with the right hand, there was more interference at
the left than at the right ear on the linguistic task, but more interference at the right ear than
at the left ear on the prosodic task.

The findings from the error data are not consistent with the shielding hypothesis of
interhemispheric interaction. However, they are also less clearly supportive of the callosal
channel hypothesis than are the RT data. The inconsistency between results in the RT and
the error data in right-hand responders makes their data impossible to interpret. Experiment

4 was designed to resolve these issues.
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EXPERIMENT 4

Experiment 4 was designed to provide converging evidence for the callosal channel
hypothesis using a slightly different procedure to examine interference between linguistic
and prosodic processes with binaural and dichotic presentation. Given the response hand
interactions that were observed in Experiment 3, response hand was balanced within
subjects. Additional practice trials were included whenever response hand changed, in
order to help subjects adjust to the response mapping.

The design of Experiment 4 was similar to that of Experiment 3, except that ear of
report was cued on a trial by trial basis with a tone presented in the target ear, 450 ms
before the onset of the stimulus. This manipulation served two purposes. It allowed for a
replication of the findings of Experiment 3 using a different manipulation, and it allowed
ear of report to vary from trial to trial, so as to minimize any potential effects of attentional
set such as specific hemispheric activation (Kinsbourne, 1975). Again, dichotic and
binaural trials were mixed.

Method
Participants

Participants were 32 right-handed undergraduates from the University of Waterloo.
None reported any history of hearing loss, and all were either native speakers of English,
or leamed English before the age of 5. Subjects were paid for their participation.

Stimuli and Apparatus

Speech stimuli and the computer apparatus were the same as those described in
Experiment 1. On dichotic trials, the stimulus was presented to the target ear, and the
neutral word "fad" was presented to the opposite ear. Ear of report was cued with a 1000
Hz pure tone, 100 ms in duration, presented at a stimulus onset asynchrony (SOA) of 450
ms. Binaural trials consisted of the identical stimulus in each ear. Binaural trials were also

cued, although the cue was irrelevant for the purposes of report.
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Procedure.

Each task manipulation (linguistic or prosodic identification) was preceded by 36
binaural practice trials (to teach response mapping). Each task condition consisted of 4
blocks of 60 trials. Subjects responded with one hand for the first and second blocks, and
the other hand for the third and fourth blocks. Earphones were reversed after the first and
third blocks to control for mechanical effects. Subjects performed 12 practice trials
whenever response hand was changed. Within blocks, one half of the trials were dichotic,
and one half were binaural, and half were cued to each ear. Subjects identified the stimulus
in the target ear as mad, sad, or glad, using the keys [b], [n], and [m], respectively. Orders
of task and initial response hand were counterbalanced across subjects. The experiment
took approximately 40 minutes to complete.

The design was a 2 Task (linguistic/prosodic) x 2 Congruency (neutral/incongruent)
x 2 Presentation (dichotic/binaural) x 2 Attended Ear (left/right), x 2 Response Hand
(left/right) factorial ANOVA with 10 trials per condition.

Results and Discussion

RTs were subjected to a simple recursive outlier procedure on a cell by cell basis,
with a criterion of 3 standard deviations (Van Selst & Jolicoeur, 1994). Fewer than 1% of
data points were excluded on this basis. Analyses followed the same plan outlined in
Experiment 3.

Response Times

Omnibus ANOVA. Mean RTs are presented in Table 6, and interference effects
are presented in Figures 6A (linguistic task) and 7A (prosodic task). Results from the 5-
way repeated measures ANOVA (Task x Ear x Presentation x Congruency x Response
Hand) revealed effects of Task, F(1, 30) =97.31, p <.001, Congruency, F(1, 30) =
32.88, p < .001, Task x Congruency, F(1, 30) = 4.26, p = .048, and Presentation, F(1,
30) =67.02, p <.001. These effects were all consistent with those observed in

Experiment 3. The Task x Congruency effect interacted with both Ear, F(1, 30) = 11.40, p
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=.002 and Hand, F(1, 30) =4.28, p = .047. The interaction with Ear indicated that there
was greater interference when the cue was at the left ear than at the right ear, on the
prosodic task, but greater at the right than the left ear on the linguistic task. A similar
interaction was observed with Response Hand. Greater interference was observed when
subjects were responding with the left than with the right hand, and again this effect was
limited to the prosodic task.

Binaural Trials. Analysis of the binaural trials revealed no main effects or
interactions involving Ear, suggesting that the lateralization of the tone cue did not affect
processing on binaural trials.

Dichotic Trials. Interference at left and right ears was compared in a 2 (Task) x 2
(Ear) x 2 (Congruency) x 2 (Response Hand) ANOVA. This analysis revealed the
expected main effect of Task, F(1, 30) =78.78, p <.001, and a Task x Ear x Congruency
interaction, F(1, 30) = 6.47, p = .016. This effect reflected greater interference at the left
than in the right ear, but only on the prosodic task. This pattern of results is strikingly
similar to that observed in Experiment 3, and is consistent with the callosal-channel account
of interhemispheric interference, if one assumes the mixed model of dichotic-listening
performance. According to this model, when the stimulus is in the right ear, both linguistic
and prosodic dimensions are processed in the left hemisphere. It is under these conditions
that interference is eliminated. Interference is greatest when the stimulus is in the left ear.
Under these conditions, prosodic information is processed in the right hemisphere, and
linguistic information is processed in the left hemisphere. Interference (and therefore
integration) is maximal when the two dimensions are processed in opposite hemispheres.

No interactions with response hand were observed.
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Table 6
Experiment 4: Response Times as a Function of Task, Congruency, Ear, and Response Hand (n=32)

Left Hand Right Hand

Task Neutral Incongruent Interference Neutral Incongruent Interference
Mean S.D. Mean  S.D. Mean S.D. Mean S.D. Mean  S.D. Mean S.D.

Linguistic
LeftEar 939 360 887 190 -51 237 873 233 891 227 18 138
Binaural 784 166 769 170 -14 80 740 162 803 214 63 * 123

Right Ear 849 267 867 195 18 191 839 233 878 255 39 157

Prosodic
LeftEar 1113 290 1245 274 133 * 120 1157 313 1202 262 44 231
Binaural 1021 228 1107 303 86 * 160 1017 259 1081 236 64 * 133

Right Ear 1192 359 1195 254 3 283 1229 534 1219 375 -10 388

Note. Interference is measured as [Incongruent-Neutral)

* p < .05 (one-tailed)
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Figure 6. Experiment 4: Interference (in ms and % error) on the linguistic task as a

function of ear and response hand. Interference = [Incongruent - Neutral].
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Error Rates

Omnibus ANOVA. Mean error rates are presented in Table 7, and interference
effects are plotted in Figures 6B (linguistic task) and 7B (prosodic task). The 5-way
ANOVA revealed many significant effects. Effects were observed of Task, F(1, 30) =
9.22, p = .005, Ear, F(1, 30) = 14.74, p = .001, Presentation, F(1, 30) =71.65, p <
.001, Congruency, F(1, 30) = 86.78, p < .001, Task x Ear, F(1, 30) = 13.90, p = .001,
Task x Presentation, F(1, 30) = 9.19, p = .005, Ear x Presentation, F(1, 30) = 16.44, p <
001, Ear x Congruency, F(1, 30) = 12.76, p = .001, Presentation x Congruency, F(1,
30) = 30.42, p < .001, Task x Ear x Presentation, F(1, 30) = 15.24, p < .001, Task x Ear
x Congruency, F(1, 30) = 18.56, p < .001, Task x Presentation x Congruency, F(1, 30) =
21.46, p < .001, Ear x Presentation x Congruency, F(1, 30)= 25.88, p < .001, and Task x
Ear x Presentation x Congruency, F(1, 30) = 61.52, p < .001.

Binaural Trials. Binaural trials were analyzed separately in order to assess the
effects of left and right tone cues on interference. No main effects or interactions involving
Ear were observed, indicating that accuracy on binaural trials did not vary as a function of
the location of the tone cue.

Dichotic Trials. Dichotic trials were analyzed in order to compare interference when
attending to the left and right ears. An Ear x Congruency interaction was observed, F(1,
30) = 32.18, p < .001 that further interacted with Task F(1, 30) = 59.36, p < .001.
Interference was greater in the left ear than in the right ear, but only for the prosodic task.
This pattern of results is again similar to that observed in Experiment 3, and is consistent
with a callosal channel account of interhemispheric interference if one assumes direct access
for prosodic processing, and callosal relay for linguistic processing. In contrast with
Experiment 3, no interactions involving response hand were observed. Response hand
interactions in Experiment 3 may therefore have reflected group differences, or may have

been the result of using the same hand throughout the experiment.
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In summary, the pattern of interference observed in Experiment 4 is very similar to
thai observed in Experiment 3. Generally, greater interference was observed at the left than
at the right ear, especially on the prosodic task. This pattern of results is not consistent
with any interpretation of the shielding hypothesis, but is consistent with the callosal-
channel account if one assumes a mixed model of dichotic listening performance.
Experiments 3 and 4 therefore provide converging evidence in support of the hypothesis
that interference between linguistic and prosodic processes arises through interhemispheric

communication.
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GENERAL DISCUSSION

This series of experiments examnined the interference between linguistic and
prosodic processes in speech perception. Previous studies have demonstrated that these
two dimensions are processed in opposite hemispheres (Bowers et al., 1987; Ley &
Bryden, 1982) and Experiment 1 demonstrates that this complementary pattern of
specialization maintains for the Stroop-like stimuli employed in this study. Interference
therefore reflects interhemispheric integration.

Interference between linguistic and prosodic dimensions is asymmetric, that is,
linguistic information interferes with prosodic processing more than prosodic information
interferes with linguistic processing. However, modest interference was observed on the
linguistic task in Experiment 2, and in several conditions of Experiments 3 and 4. This
finding argues against a simple speed-of-processing account of the interference effect, as
prosodic identification is 200 - 300 ms slower than linguistic identification. Rather, it
suggests that linguistic and prosodic information interact throughout the process of speech
perception.

These stimuli therefore meet the criteria outlined in the introduction in that they
consist of two dimensions that are processed in opposite hemispheres and they interfere
with each other.

Experiments 3 and 4 were designed to compare interference that occurs within a
hemisphere to that vwhich occurs across hemispheres. The shielding hypothesis predicts
greater interference within than across hemispheres, whereas the callosal channel
hypothesis makes the opposite prediction. Results from Experiment 3 were somewhat
ambiguous; in that a different pattern of results was observed in the RT and in the error
data for subjects who responded with the right hand. Similarly, results from the linguistic
task are difficult to interpret, in that facilitation was sometimes observed on incongruent
trials, and interference effects were not reliable. The findings from left-hand responders on

the prosodic task are consistent with the callosal channel hypothesis if one assumes a mixed
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model of dichotic listening performance, in that interference was greater at the left ear than
at the right ear. Recall from Figure 1 that left-ear presentation produces cross-hemisphere
processing, but right-ear presentation produces within-hemisphere processing.

The results from Experiment 4 are somewhat more straightforward, at least for the
prosodic task. In both the RT and the error data, interference was greater at the left than at
the right ear, a finding that is again consistent with the callosal channel hypothesis, and
irreconcilable with the shielding hypothesis. Results from the linguistic task are again
difficult to interpret, because the interference effects are not reliable. In Experiment 2,
under normal binaural conditions, a small amount of interference was observed on the
linguistic task. In order to detect differences between ears under dichotic conditions one
would have to greatly increase the power of the experiment, either by using more subjects
or more trials, or by increasing the amount of prosodic interference through probability
manipulations or alteration of the stimuli.

Bilateral Processing Systems

Robertson's theory was developed to explain the integration of global and local
analyses in visual processing. She has proposed that there is a bilateral visual processing
network in which the left hemisphere component is biased toward local processing and the
right hemisphere component is biased toward global processing (Robertson, 1995). The
two components of the network are connected by a dedicated callosal communication
channel that provides foroptimal integration of global and local analyses.

The speech processing system bears some resemblance to the visual system as it
relates to global and local processing. First, speech perception may be an analogous
system, in that the two components of speech processing are lateralized to opposite
hemispheres. A specialized interhemispheric communication channel would therefore
provide optimal integration of linguistic and prosodic information.

Secondly, the relationship may be more concrete, in that both global/local

interference and linguistic/prosodic interference may be manifestations of a common
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mechanism. It has been argued that the global/local dichotomy is a reflection of the
hemispheres’ differential sensitivities to spatial frequency information (e.g., Hellige,
1995). Specifically, the left hemisphere is specialized for the processing of relatively high
spatial frequencies, whereas the right hemisphere is specialized for the processing of
relatively low spatial frequencies (Christman, Kitterle, & Hellige, 1991; Sergent, 1992) .
It has recently been reported that there are hemispheric differences in the processing of
auditory stimuli on the basis of temporal frequency that parallel those for visnal stimuli
(Ivry & Lebby, 1993). It has therefore been argued that the left hemisphere is tuned to
high frequency information (spatial or temporal) and the right hemisphere is tuned to low
frequency information (Hellige, 1995). Note that phonological information is carried in the
high temporal frequencies, and prosodic information is carried in the low temporal |
frequencies. Linguistic and prosodic components of speech may be auditory analogues of
local and global components in visual processing.

Consistent with this hypotnesis is the finding that global interference is dissociable
from global and local processing in patients. Damage to several cortical areas can result in
the impairment of giobal or local judgments. However, it is only damage to the temporo-
parietal junction (T-P) in either hemisphere that disrupts global interference. Global
interference may therefore reflect the more general phenomenon of integration of high and
low frequency information. This argument is further supported by the fact that the T-P
junction is a multi-modal association area, rich in connections to all sensory systems
(Robertson, 1995). It would be interesting to determine if patients with damage in this area
(or split-brain patients) demonstrate reduced interference between linguistic and prosodic
processes, as well as reduced global interference.

The findings of this series of experiments seem very counterintuitive. Robertson’s
hypothesis provides a theoretical framework that can explain the pattern of results. An
alternative explanation can be found in Semmes (1968) hypothesis that localization in the

left hemisphere is highly modular, but representation in the right hemisphere is diffuse. If
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one assumed only direct assess, one would expect greater interference between two
dimensions in the diffuse right hemisphere (left ear) than in the modular left hemisphere
(right ear). However, this hypothesis does not hold for Stroop stimuli, as Stroop
interference is greater in the modularized left hemisphere than in the diffuse right
hemisphere (Hugdahl & Franzon, 1985; Schmitt & Davis, 1974).

However, linguistic/prosodic interference is unlike Stroop interference in many
ways. I suggest that this is because it reflects the operation of an efficient, bilateral,
processing mechanism, designed for the integration of both dimensions. One would hardly
expect the development of a bilateral system for the integration of word and colour
information.

Whereas the present series of experiments examined linguistic/prosodic interference
in normal subjects using dichotic listening techniques, the callosal channel hypothesis was
developed on the basis of findings with patients with unilateral lesions and callosal
disconnection. If global interference and linguistic interference are analogous (or even
identical) mechanisms, converging evidence should be sought from patient studies of

linguistic/prosodic integration, and experimental studies of global interference in normals.
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Appendix A
Experiment 1: Individual Subject Data
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Experiment 1: Prosodic Task

Prosodic Task
Left Ear Right Ear Absent
id. Sex Target RT % error RT % error RT % error
1 m sad 1711 44 1389 45 1483 3
2 f glad 1015 0 1009 0 1061 0
3 m neutral 1235 28 1232 25 1326 51
4 m mad 891 38 849 38 988 0
5 m glad 933 3 949 3 1024 0
6 m neutral 1109 42 1150 34 1091 46
7 m mad 1554 38 1718 59 2082 8
8 m sad 1250 32 1056 21 1147 1
9 m neutral 2376 33 1879 13 2482 43
10 m mad 1414 62 2672 76 984 3
11 m sad 1488 29 1407 39 1355 33

Continued on next page
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Prosodic Task

Left Ear Right Ear Absent
id. Sex Target RT % error RT % error RT % error
24 f glad 697 3 693 0 897 7
25 f mad 844 27 849 38 927 7
26 f sad 1379 I8 1157 8 1563 29
27 f glad 782 3 808 0 885 0
28 f neutral 1665 19 1325 28 1754 17
29 m mad 1070 16 1751 68 1222 3
30 m sad 940 3 1053 8 1047 0
31 m glad 774 22 678 5 926 l
32 m neutral 1175 28 1288 44 1480 18
Means 1172 239 1224 29.9 1246 13.6
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Experiment 2: Linguistic Task

inguisti
Congruent Facilitation Neutral Interference Incongruent
id  Sex RT  %error  RT %eror RT  %error RT  %error  RT % error
1 f 700 0 -31 -8 731 8 97 0 828 8
2 f 1009 12 -101 8 1110 4 143 22 1253 26
3 f 888 4 122 4 766 0 153 4 919 4
4 f 717 4 -25 -4 742 8 60 -8 802 0
5 f 641 0 51 -4 590 4 10 -4 600 0
6 m 607 0 -16 0 623 0 -18 4 605 4
7 m 714 0 -32 0 746 0 -18 4 728 4
8 m 614 0 -8 0 622 0 119 0 741 0
9 f 724 0 -39 -4 763 4 -15 -4 748 0
10 f 602 0 -29 0 631 0 0 4 631 4
11 f 974 0 176 0 798 0 164 0 962 0

Continued on next page
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Linguistic Task

Congruent Facilitation Neutral Interference Incongruent
i.d Sex RT % error  RT % error RT % error RT % error RT % error
23 f 713 0 28 0 685 0 -5 0 680 0
24 f 845 0 -2 -4 847 4 12 8 859 12
Means 765 1.7 2 0.9 763 2.6 32 1 795 36

Continued on next page
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Experiment 2: Prosodic Task

Prosodic Task

Congruent Facilitation Neutral Interference Incongruent
i.d Sex RT % error RT % error  RT % error RT % error RT % error

1 f 735 0 -21 -4 756 4 124 0 880 4
2 f 1447 0 319 -12 1128 12 558 17 1686 29
3 f 1439 0 -24 0 1463 0 160 12 1623 12
4 f 877 0 0 0 877 0 96 12 973 12
5 f 703 0 -200 0 903 0 -21 8 882 8
6 m 776 4 -98 -4 874 8 41 4 915 12
7 m 787 0 -14 -4 801 4 82 -4 883 0
8 m 685 0 -67 0 752 0 84 8 836 8
9 f 830 0 97 0 733 0 161 8 894 8
10 f 764 0 -38 -4 802 4 164 -4 966 0
11 f 1076 0 -19 0 1095 0 17 8 1112 8

Continued on next page



Prosodic Task

Congruent Facilitation Neutral Interference Incongruent
id Sex RT % error RT % error RT % error RT % error RT % error

12 f 1101 0 -14 0 1E1S 0 57 8 1172 8
13 m 931 4 158 0 773 4 123 0 896 4
14 m 923 0 7 0 916 0 123 0 1039 0
15 m 867 2 -270 2 1137 0 -270 14 867 14
16 m 909 0 -41 0 950 0 150 0 1100 0
17 m 697 0 3] -8 666 8 192 -4 858 4
18 f 955 0 -203 -4 1158 4 142 16 1300 20
19 m 739 0 -111 -8 850 8 133 4 983 12
20 m 857 0 -34 -8 891 8 11 4 902 12
21 m 607 4 -38 4 645 0 13 4 658 4
22 m 879 0 -7 0 886 0 219 0 1105 0

Continued on next page
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Appendix C
Experiment 3: Individual Subject Data
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Linguistic Dichotic Task

Left Ear
Congruent Facilitation Neutral Interference Incongruent
i.d. Sex Hand RT % error RT % error RT % error RT % error RT % error
30 f l 731 0.0 -44 0.0 175 0.0 51 0.0 826 0.0
31 f r 823 0.0 40 0.0 783 0.0 50 16.0 833 16.0
32 f | 677 8.0 16 8.0 661 0.0 28 8.0 689 8.0
Means 840 4.1 -16 0.8 856 3.3 13 38 869 7.1

Continued on next page
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inguistic Dichotic Task

Right Ear
Congruent Facilitation Neutral Interference Incongruent
id Sex Hand RT % error RT % error RT % error RT % error RT % error
1 m r 820 00 -524 00 1344 0 -308 0 1036 0
2 m l 847 0.0 -165 0.0 1012 0 -103 0 909 0
3 m r 836 0.0 2 -8.0 834 8 9 -8 843 0
4 m ] 822 0.0 -14 -8.0 836 8 -53 -8 783 0
5 f r 746 8.0 -177 8.0 923 0 -84 0 839 0
6 f l 987 0.0 -153 00 1140 0 97 16 1043 16
7 f r 727 0.0 -107 0.0 834 0 -45 8 789 8
8 f l 760 8.0 35 8.0 725 0 47 0 772 0
9 m r 538 0.0 -104 -8.0 642 8 -34 -8 608 0

Continued on next page



a3ed 1xau uo panunuoy)

0 89L 0 08- 0 8¥8 00 IL 00 616 4 w6l
0 S9¢ 0 Ly- 0 (48] 00 Le- 00 SLS i w8l
8 L9 8 98- 0 8SL 08 8¢ 08 0tL 1 w L
0 801 0 1Y 0 <06 08 Ll 08 616 l J 91
0 S9L 8- 8¢ 8 LeL 08 9% 00 £6L 4 J Sl
0 156 0 L 0 vi6 00 ¢6l- 00 (443 l J 14!
0 901 0 el 0 6S01 091 t1c- 09I 98 1 J tl
8 818 0 v8 8 veL 0'8- t6 00 LT8 [ w ?i
8 88 8- (474 91 908 091- - 00 S6L 1 w I
0 99L 0 e 0 88L 08 19 08 6v8 ! w ol

10118 9, LY om0 g R 10119 9, LY FTEY A LA Io19 9 LY puey xa§ ‘p
wansduoouj dUILIIAU [eNnaN uonEIoey wonduo)

Teq ysiy

70



93ed 1xou uo panunuo)

0 L9L 0 8¢- 0 S08 00 09 00 $98 1 J 6¢
0 818 0 89 0 08L 00 Ly- 00 tEL I w - 8C
0 £8¢ 8- I- 8 8¢ 0'8- 1Y 00 68S 1 w Lz
0 S08 0 0c- 0 S8 08 901- 08 61L | w9z
8 9tL 8 ¢ 0 vl 00 £t 00 viL 1 w Y4
8 £89 8 96 0 L8S 00 76 00 6L9 | J v
8 S8 8 v- 0 6¥8 00 144 00 £LS 1 J X4
8 908 8 6 0 L6L 00 Sel- 00 cL9 | 3 44
91 £L9 91 6v1- 0 a8 00 19¢- 00 19¢ 1 3 1T
0 18 0 9¢l- 0 LL6 00 §9- 00 clé l w - 0c

1010 9, J4  Joudg, LYy JOMID 9 13  Jouag, R X La pueH xo§ ‘p’l
aniguoosu] Q0UAIJIANU] LA LEIN| uonen|Ioe| oniduo))

Jegq 3y

71



Linguistic Dichotic Tas
Right Ear

Congruent Facilitation Neutral Interference Incongruent
id. Sex Hand RT % error RT % error RT % error RT % error RT % error

30 f i 672 0.0 47 0.0 625 0 136 0 761 0

31 f r 880 00 -74 0.0 954 0 -193 0 761 0

32 f | 691 8.0 -59 0.0 750 8 -53 0 697 8
Means 771 23 -58 0.0 830 23 -27 1.0 803 33

Continued on next page
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Linguistic Binaural T

Right Ear
Congruent Facilitation Neutral Interference Incongruent
id Sex Hand RT %ewor RT  %error RT JDoerror RT  %error RT % error
30 f 1 719 0.0 1 0.0 718 0 -63 0 655 0
31 f r 726 0.0 6 0.0 720 0 35 0 755 0
32 f | 661 0.0 -23 00 684 0 -34 8 650 8
Means 743 0.5 -12 -0.8 755 1.25 36 -0.5 791 0.75
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Prosodic Dichotic Task
Left Ear

Congruent Facilitation Neutral Interference Incongruent
id. Sex Hand RT % error RT % error RT % error RT % error RT % error

20 m l 1016 0 -119 -8.0 1135 8 20 8.0 1155 16
21 f r 850 0 -158 -16.0 1008 16 -11 -8.0 997 8
22 f 1 858 0 -31 -8.0 889 8 124 0.0 1013 8
23 f r 1025 8 -200 0.0 1225 8 -3 -8.0 1222 0
24 f 1 686 8 -1 8.0 763 0 22 16.0 785 16
25 m r 841 0 -57 0.0 898 0 -719 8.0 819 8
26 m 1 1038 8 -1 8.0 1039 0 116 250 1155 25
27 m r 768 8 -57 8.0 825 0 -29 16.0 796 16
288 m I 841 0 63 -8.0 778 8 163 -8.0 941 0
29 f r 1012 0 -4 -8.0 1016 8 74 -8.0 1090 0

Continued on next page
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Prosodic Dichotic Task

Left Ear
Congruent Facilitation Neutral Interference Incongruent
id. Sex Hand RT % error RT % error  RT % error RT % error  RT % error
30 f 1 958 0 -174 0.0 1132 0 37 16.0 1169 16
31 f r 1234 0 -50 -16.0 1284 16 -209 -8.0 1075 8
32 f 1 871 8 -164 0.0 1035 8 183 8.0 1218 16
Means 1013 33 -69 -1.5 1082 48 52 1.7 1134 124

Continued on next page
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Prosodic Dichotic Task
Right Ear

Congruent Facilitation Neutral Interference Incongruent
id. Sex Hand RT % error RT % error RT % error RT % error RT % error

10 m 1 1309 0 168 0.0 1141 0 312 16 1453 16
it m r 890 0 -31 -8.0 921 8 160 25 1081 33
12 m 1 840 0 ] -33.0 839 33 121 -17 960 16
13 f r 983 0 -54 00 1037 0 99 8 1136 8
14 f | 987 0 -248 00 1235 0 -260 8 975 8
15 f r 1107 0 -167 0.0 1274 0 14 25 1288 25
16 f 1 968 0 -45 -8.0 1013 8 261 0 1274 8
7 m r 836 8 91 8.0 927 0 -122 0 805 0
18 m | 1213 8 -246 -8.0 1459 16 -270 -8 1189 8
19 m r 1887 0 260 0.0 1627 0 -170 25 1457 25

Continued on next page
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Prosodic Binaural Task

Left Ear
Congruent Facilitation Neutral Interference Incongruent
id. Sex Hand RT  %error RT  %error RT  %error RT  %error RT % error
30 f i 991 0 -66 0.0 1057 0 97 8.0 1154 8
31 f r 801 16 -60 16.0 861 0 137 16.0 998 16
32 f 1 989 0 -21 -8.0 1010 8 70 8.0 1080 16
Means 991 1.8 -31 -1.8 1023 35 80 4.1 1102 7.6

Continued on next page
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Prosodic Binaural Task

Right Ear
Congruent Facilitation Neutral Interference Incongruent
i.d. Sex Hand RT %error RT %error RT  %error RT  %emor RT % error
30 f | 984 0 -74 0.0 1058 0 16 0 1074 0
31 f r 754 0 -330  -160 1084 16 -166 0 918 16
32 f 1 990 0 -14 -8.0 1004 8 42 17 1046 25
Means 947 0.0 -43 -4.0 990 4 59 5.1 1049 9.1
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Experiment 4: Individual Subject Data
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911

inguisitic Dichotic Task - Right Hand, Right Ear

Congruent Facilitation Neutral Interference Incongruent

i.d. Sex RT %Ermmor RT %Ermmor RT %Emmor RT  %Emor RT % Error
1 m 999 10 156 -10.0 843 20 68 200 911 40
2 m 874 10 -156 10.0 1030 0 6 50.0 1036 50
3 m 495 0 -36 0.0 531 0 -29 30.0 502 30
4 m 708 0 -163 0.0 871 0 81 40.0 952 40
5 f 125 0 86 0.0 639 0 14 50.0 653 50
5 f 661 10 -114 10.0 775 0 48 50.0 823 50
7 f 626 0 -59 0.0 685 0 62 30.0 747 30
8 f 881 20 -123  -400 1004 60 -160 10.0 844 70
9 m 758 0 58 -10.0 700 10 359 -100 1059 0
10 m 763 0 60 0.0 703 0 36 0.0 739 0
11 m 711 0 73 0.0 638 0 120 0.0 758 0
12 m 1011 0 -330 0.0 1341 0 115 20.0 1456 20
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585
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643
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-227
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Prosodic Bipaural Task - Left Hand, Left Ear

Congruent Facilitation Neutral Interference Incongruent
id. Sex RT  %Emmor RT %Ewor RT %Emmor RT  %Error RT % Error
1 m 1227 10 187 10.0 1040 0 -126 10.0 914 10
2 m 1311 0 -177 0.0 1488 0 247 0.0 1735 0
3 m 574 0 -122 -10.0 696 10 15 0.0 711 10
4 m 859 0 -167 0.0 1026 0 179 0.0 1205 0
5 f 776 0 72 0.0 848 0 63 0.0 911 0
5 f 848 10 39 -20.0 809 30 -19 -20.0 790 10
7 f 775 0 -46 00 821 0 251 10.0 1072 10
8 f 749 60 -13 0.0 762 60 132 10.0 894 70
9 m 670 0 32 -10.0 638 10 107 10.0 745 20
10 m 1083 0 117 -10.0 966 10 328 -10.0 1294 0
11 m 728 0 -97 0.0 825 0 84 10.0 909 10
12 m 968 0 -151 0.0 1119 0 -19 10.0 1100 10
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orl

Prosodic Dichotic Task - Right Hand, Right Ear

Congruent Facilitation Neutral Interference Incongruent

id  Sex RT  %Eror RT %Emor RT %Emmor RT %Error RT % Error
1 m 935 10 -263 0.0 1198 10 97 20.0 1295 30
2 m 1390 0 -140  -30.0 1530 30 105 -200 1635 10
3 m 716 0 -2 00 718 0 60 30.0 778 30
4 m 1178 0 214 0.0 964 0 155 0.0 1119 0
5 f 830 0 -214 0.0 1044 0 12 0.0 1056 0
5 f 1060 20 103 10.0 957 10 9 50.0 966 60
7 f 929 10 -10 10.0 939 0 -5 0.0 934 0
8 f 939 50 194 -10.0 745 60 67 0.0 812 60
9 m 605 10 -40 100 645 0 326 30.0 971 30
10 m 944 0 -364 0.0 1308 0 340 10.0 1648 10
11 m 808 0 -223 0.0 1031 0 -19 20,0 1012 20
12 m 1268 10 -18 10.0 1286 0 -43 0.0 1243 0



0t

ol

oy

0l

]|

0c

0l

Ot

0t

9L6

12L1
S06

6L6

844!
89¢1
VAR
$801
0021
¥06

£0C1
9i8
9102
656

906

00

00z-
0'01
00t
0ol
0ol-
001
00c

002Z-

00
001
00

00¢

v8y-

9¢Ll-

194!

Lz

$6

06¢-

8¢t-

t0ge-

Il

6¢

9%

414

¢6-

0¢

0c

0¢

01

0c

]

0z

0971

LShE

09L

Svol

vivi

ELTI

1961

tCll

£0S1

t6L

VLI

OLL

PSLI

8V6

866

00¢-

0'0¢-

001

00t-

00

001-

00

00

00t

0'01-

00

0'0z-

00

00l

98+C-

19

LT

(414

oLe-

LO9-

tlv-

194

(49

£l

oly-

0

0l

01

1749
1L6
178

91¢€l

9291
£06
¥$6

£Cll

0601
9¢8

97tl
£8L

1444
9¢8

Gt6

ut

1.

9

Y4

14

X4

(44

1T

0c

61

81

Ll

91

Si

14!

tl

141



142

90Tl 9 L- 6 vicl v 1440 S 0L01 SUBIA
166 00 4% 0 ¢86 00 ove- 0 6¢L J it
9161 00I- 81¢ ]| 866 0ol- LOY 0 sovi J ¢
LLYT 00 Lot oc oLic  ool-  ¥Si- ]| 910¢ 3 0t
9ttl 00t 60T- 0 Seel 00 Y0S- 0 1£01 J 6C

eiel 00 8sy ] ce8 00 I1LT ]| 9t u 8C



0c

01

]|

|

0c

ot

01

174

ol

9011
LLOI
vi8
16
9tel
6401
vyel
$801
611
656
£801
988
vi9l
LO6

tl8

0'0l-
0°01-
001
00
001
00
00l
00
ool
00t
00
0ol-

(]|

98
St-

otl

vel-
%61
8ty
9¢C-
99
14!
001-
€0l
9Ly
a0l

si-

0l

ot

01

]|

]|

]|

]|

0201
[43%
¥89
886
194!
€S8
906
el
tsel
18
€811
£8L
8ell
G08

8C8

001-

0'0¢-

0'0
00
00
00i-
00
00I1-
0'0l-
0°01-
00l-

001

6- 0
vi- 0l
43 0
S91- 0
v8I- 0
oLl 0
L9- 0
o1¢- 0
<0l- 0
6L 0
69¢- 0
89 0
oL- 0
Si1- 0

6S1 0l

1101

8601

9¢L

£C8

99¢1

X4}

6¢8

S001

16T

068

818

168

8901

069

L86

Lz
9
1 Y4
L4
£C
(44
T
0c
61
81
Ll
91
Sl
4]

¢l

143



4

]

0c

$901

916

€011

0991

1011

(441

00

00

001-

00t

SL

11e

¢6

ove

ve

0l

01

886

SOL

1101

0zel

8LII

898

001-

00

00l1-

00

00

£e-

1

127

8¢T

Sle

(A4

9¢6

91L

S0l

8SS1

totl

9tL

SUBON

(4%

1€

ot

6¢

8C

144



References

Aboitiz, F., Scheibel, A.B., Fisher, R.S., & Zaidel, E. (1992). Fiber composition of the
human corpus callosum. Brain Research, 598, 143-153.

Bradshaw, J.L., & Nettleton, N.C. (1981). The nature of hemispheric specialization in
man. Behavioral and Brain Sciences, 4, 51-92.

Banich, M.T. (in press). The missing link: The role of interhemispheric interaction in
attentional processing. Brain and Language.

Banich, M.T. (1995). Interhemispheric processing: Theoretical considerations and
empirical approaches. In R.J. Davidson and K. Hugdahl, (Eds.),Brain Asymmetry
(pp. 427-450). Cambridge, MA: M.LT. Press.

Banich, M.T., & Belger, A. (1990). Interhemispheric interaction: How do the
hemispheres divide and conquer a task? Cortex, 26, 77-94.

Boles, D.B. (1995). Parameters of the bilateral effect. In F.L. Kitterle, (Ed.),
Hemispheric communication: Mechanisms and models (pp.231-254). Hillsdale, NJ:
Erlbaum.

Bowers, D., Coslett., H.B., Bauer, R.M., Speedie, L.J., & Heilman, K. (1987).
Comprehension of emotional prosody following unilateral hemispheric lesions:
Processing defect versus distraction defect. Neuropsychologia, 25, 317-328.

Broca, P. (1861). Remarques sur le siege de la faculte du langage articule, suivies d’une
observation d’aphemie (perte de la parole). Bulletins de la Societe Anatomique de
Paris, 2, 333-357.

Bryden, M.P. (1982). Laterality: Functional asymmetry in the intact brain. New York:
Academic Press.

Bryden, M.P., & MacRae, L. (1989). Dichotic laterality effects obtained with emotional
words. Neuropsychiatry, Neuropsychology, and Behavioral Neurology, 1, 171-176.

145



Chiarello, C., & Maxfield, L. (1996). Varieties of interhemispheric inhibition, or how to
keep a good hemisphere down. Brain and Cognition, 30, 81-108.

Clarke, J. M., David, A.S., & Zaidel, E. (1993). Dichotic listening performance during
selective attention in commissurotomized & hemispherectomized patients. Paper
presented and the 21st Annual Meeting of the International Neuropsychological
Society, Galveston, TX, February 24-27, 1993.

Cohen JD, MacWhinney B, Flatt M & Provost J (1993). PsyScope: A new graphic
interactive environment for designing psychology experiments. Behavioral Research
Methods, Instruments & Computers, 25, 257-271.

Cohen, J.D., Dunbar, K., & McLelland, J.L. (1990). On the control of automatic
processes: A parallel distributed processing account of the Stroop effect.
Psychological Review, 97, 332-361.

David, A.S. (1992). Stroop effects within and between the cerebral hemispheres: Studies
in normals and acallosals. Neuropsychologia, 30, pp. 161-175.

Delis, D.C., Robertson, L.C., & Efron, R. (1986). Hemispheric specialization of memory
for visual hierarchical stimuli. Neuropsychologia, 24, 205-206.

Dunbar, K.N., & MacLeod, C.M. (1984). A horse race of a different colour: Stroop
interference patterns with transformed words. Journal of Experimental Psychology:
Human Perception and Performance, 10, 622-639.

Friedman, A., & Polson, M.C. (1981). Hemispheres as independent resource systems:
Limited-capacity processing and cerebral specialization. Journal of Experimental
Psychology: Human Perception and Performance, 7, 1031-1058.

Friedman, A., Polson, M.C., & Dafoe, C.G. (1988). Dividing attention between the
hands and the head: Performance trade-offs between rapid finger tapping and verbal
memory. Journal of Experimental Psychology: Human Perception and Performance,

14, 60-68.

146



Grimshaw, G.M., Bryden, M.P., & Finegan, J K (1995). Relations between prenatal
testosterone and cerebral lateralization in children. Neuropsychology, 9, 68-79.
Hiscock, M. (1982). Verbal-manual time sharing in children as a function of task priority.

Brain and Cognition, 1, 119-131.

Heilman, K., Scholes, R. and Watson, R. (1975). Auditory affective agnosia: disturbed
comprehension of affective speech. Journal of Neurology, Neurosurgery, and
Psychiatry, 38, 69-72.

Hellige, J.B. (1993). Hemispheric asymmetry: What's right and what's left. Cambridge,
MA: Cambridge University Press. '

Hellige, J.B. (1995). Hemispheric asymmetry for components of visual information
processing. In R.J. Davidson and K. Hugdahl (Eds.), Brain asymmetry (pp. 100-
121). Cambridge, MA: MIT Press.

Hugdahl, K. & Franzon, M. (1985). Visual half-field presentations of incongruent color-
words reveal mirror-reversal of language lateralization in dextral and sinistral subjects.
Cortex, 21, 359-374.

Ivry, R.B., & Lebby, P. (1993). Hemispheric differences in auditory perception are
simialr to those found in visual perception. Psychological Science, 4, 41-45

Kimura, D. (1967). Functional asymmetry of the brain in dichotic listening. Cortex, 3,
163-178.

Kinsbourne, M. (1975). The mechanism of hemispheric control of the lateral gradient of
attention. In P.M.A. Rabbitt and S. Dornic (Eds.), Attention and Performance V
(pp.81-97). New York: Academic Press.

Kinsbourne, M., & Hicks, R.E. (1978). Functional cerebral space: A model for
overflow, transfer and interference effects in human performance: A tutorial review.
Attention and Performance, 7, 345-362.

Lamb, M. R., Robertson, L.C., & Knight, R.T. (1990). Component mechanisms

underlying the processing of hierarchically organized patterns: Inferences from

147



patients with unilateral cortical lesions. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 16, 471-483.

Ley, R.G., & Bryden, M.P. (1982). A dissociation of right and left hemispheric effects
for recognizing emotional tone and verbal content. Brain and Cognition, 1, 3-9.

MacLeod, C.M. (1991). Half a century of research on the Stroop effect: An integrative
review. Psychological Bulletin, 109, 163-203.

MacLeod, C.M., & Dunbar, K. (1988). Training and Stroop-like interference: Evidence
for a continuum of automaticity. Journal of Experimental Psychology: Learning,
Memory, and Cognition, 14,, 126-135.

Martin, M. (1979). Hemisphere specialization for local and global processing.
Neuropsychologia, 17, 33-40.

Mondor, T. & Bryden, M.P. (1992). On the relation between auditory spatial attention and
auditory spatial asymmetries. Perception and Psychophysics, 52, 393-402.

Morton, J., & Chambers, S.M. (1973). Selective attention to words and colours.
Quarterly Journal of Experimental Psychology, 25, 387-397.

Navon, D. (1977). Forest before trees: The precedence of global features in visual
perception. Cognitive Psychology, 9, 353-383.

Pashler, H., & O'Brien S. (1993). Dual-task interference and the cerebral hemispheres.
Journal of Experimental Psychology: Human Perception and Performance, 19, 315-
330.

Posner, M L, & Snyder, C.R. (1975). Attention and cognitive control. In R.L. Solso
(Ed.), Information processing and cognition: The Loyola symposium (pp. 55-85).
Hillsdale, NJ: Erlbaum.

Robertson, L.C., & Delis, D.C. (1986). "Part-whole" processing in unilateral brain
damaged patients: Dysfunction of hierarchical organization. Neuropsychologia, 24,
363-370.

148



Robertson, L.C., & Lamb, M.R. (1991). Neuropsychological contributions to part-whole
organization. Cognitive Psychology, 23, 299-330.

Robertson, L.C., Lamb, M.R., & Zaidel, E. (1993). Interhemispheric relations in
processing hierarchical patterns: Evidence from normal and commissurotomized
subjects. Neuropsychology, 7, 325-342.

Schmitt, V., & Davis, R. (1974). The role of hemispheric specialization in the analysis of
stroop stimuli. Acta Psychologica, 38, 149-158.

Sergent, J. (1983). The role of input in visual hemispheric asymmetries. Psychological
Bulletin, 93, 481-514.

Sergent, J., Ohta, S., & MacDonald, B. (1992). Functional neuroanatomy of face and
object processing: A PET study. Brain, 115, 15-29.

Sperry, R.W. (1974). Lateral specialization in the surgically separated hemispheres. In
F.O. Schmitt and F.G. Worden (Eds.), The Neurosciences: Third Study Program.
Cambridge, MA: MIT Press.

Steenhuis, R.E., & Bryden, M.P. (1989). Different dimensions of hand preference that
relate to skilled and unskilled activities. Cortex, 25, 289-304.

Stroop, J. R. (1935). Studies of interference in serial verbal reactions. Journal of
Experimental Psychology, 18, 643-662.

Tucker, D., Watson, R. & Heilman, K. (1977). Affective discrimination and evocation in
patients with right parietal disease. Neurology, 27, 947-950.

Van Selst, M., & Jolicoeur, P. (1994). A solution to the effect of sample size on outlier
elimination. The Quarterly Journal of Experimental Psychology, 47, 631-650.

Zaidel, E. (1995). Interhemispheric transfer in the split brain: Long-term status following
complete cerebral commissurotomy. In R.J. Davidson and K. Hugdahl, (Eds.),Brain
Asymmetry (pp.491-532). Cambridge, MA: M.LT. Press.

Zaidel, E., & Peters, A M. (1981). Phonological encoding and ideographic reading by the
disconnected right hemisphere: Two case studies. Brain and Language 14, 205-234.

149





