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This paper discusses methodological issues and problems related to measuring laterality effects in dichotic
listening. Section I describes the standard dichotic two-response paradigm, as well as a number of indices
of the degree of ear advantage proposed in the literature. The numerical range of most of these indices is
constrained by performance level; only one particular index avoids these constraints. However, this does
not make this index necessarily the optimal one. First, a correction for guessing is proposed. Then,
analogies to signal-detection theory are discussed, as well as theoretical and empirical criteria for
choosing the correct index of laterality. While this index is still ‘unknown, the index called here e is
proposed as’the best solution at the present state of knowledge. Section II discusses the phenomenon of
dichotic fusion and the dichotic single-response paradigm, which offers many methodological advantages
_over the two-response paradigm. Section III discusses the factors of ear dominance and stimulus
dominance in the perception of fused stimuli. An index of ear dominance is derived by again taking
advantage of analogies to signal-detection theory. In Sec: IV, a number of remaining problems are
discussed: stimulus intelligibility, guessing and selective attention, blend responses, test reliability,

validity, and homogeneity.

PACS numbers: 43.70.Dn, 43.66.R(i, 43.66.Yw

INTRODUCTION

Since Kimura’s (1961) demonstration of an average
right-ear advantage (REA) in the recognition of dichotic
verbal stimuli, many researchers have used dichotic
listening tasks to measure hemispheric dominance for
language. Kimura’s hypothesis that hemispheric domi-

. nance for language is the major factor underlying the ear

- asymmetries has been almost universally accepted.
While some studies have been content with diagnosing the
mere direction.of the average ear advantage (left or

" right) and testing its significance, many recent studies
have attempted to compare different individuals, dif-

- ferent tests, or different experimental conditions with
respect to the observed magnitude of the ear asym-
metry. Underlying these attempts has been the belief -
that cerebal lateralization, like handedness, is a matter
of degree and can be measured on a continuous scale
(Zangwill, 1960; Shankweiler and Studdert-Kennedy,
1975).

In order to yield meaningful and reliable measure-
ments, dichotic testing must meet certain formal and
methodological requirements which have been given rela-
tively little attention in the past. ‘If dichotic listening
tasks are used as instruments to measure the degree of
hemispheric dominance for language, they must satisfy
the same high standards of construction, procedure, and
scoring as any other psychological test. These stan-
dards may be derived from methodologically oriented -

- regearch in the laboratory, from theoretical analyses of
the task situation, and from general test-theoretical
principles. ‘Many of these requirements are not suffi-
ciently met by dichotic tests as they are now widely
‘used. oG -

The present paper summariies the issues that must be
dealt with in constructing an effective dichotic test for
the purpose of measuring hemispheric dominance. The
dichotic listening situation is remarkably complex. In
the discussion that follows, I provide some suggestions
- but point out many probléms that need further investi-
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gation or have not been dealt with at all in the past. Al-
though the discussion is restricted to dichotic listening,
many of the issues should also apply to other situations
in'which lateral asymmetries are measured (e.g. ,
visual hemifield differences, binocular rivalry, or ocu-

‘lar dominahce), and therefore may be of interest to a

wider audience,

One focus of the present discussion is the problem of
choosing a numerical index of the ear advantage. This
problem is fundamental to the measurement of lateraliza-
tion; unless it is solved, no meaningful comparisons
between subjects, tests, or experimental conditions are
possible, - Section I—which heavily relies on earlier
discussions by Halwes (1969) and Marshall, Caplan, and
Holmes (1975)—discusses a number of indices that have -
been proposed and used in the past in conjunction with

. the dichotic two-response paradigm (which requires the

listener to identify both stimuli in a dichotic pair). All

- but one of these indices fail to take into account the con-

straints imposed by pérformance level on the range of
differences between the scores for the two ears. In ad-
dition, none of them corrects for guessing, despite the
fact that most dichotic studies use only a few different
stimuli, which results in substantial guessing proba~
bilities. An index is described that takes both perfor-
mance level and guessing into account. However, the
correct index must be based on a correct theory and em-.
pirical evidence of how scores for the two ears change
with performance level and how guessing operates, and
this theoretical and empirical basis is not available at
present. The index proposed here is merely based on
plausible assumptions; the question whether it is the
correct index remains open. '

The second focus of the present paper is finding ways
of simplifying dichotic testing and circumventing some
of the problems encountered in the standard two-re-
sponse paradigm. Sections II and HI describe an ap-
proach to dichotic listening that in many ways seems
simpler than the two-response paradigm. This method,
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which requires only a single response to each dichotic
stimulus, relies on the phenomenon of dichotic (or
binaural) fusion., Section II briefly discusses the factors
that make two dichotic stimuli fuse more or less com-
pletely into a single perceived stimulus, as well as the
methodological consequences of such fusion. Section III
derives an index of the ear advantage for the single-re-
sponse paradigm. Here, the phenomenon of stimulus
dominance (perceptual dominance of one stimulus over
the other in a fused dichotic pair) exerts constraints on
the ear score difference similar to that exerted by per-
formance level in the two-response paradigm. However,
these constraints can be dealt with and actually become
a crucial factor in deriving an unbiased index of the ear
advantage.

Section IV is devoted to a survey of additional topics

and problems in dichotic testing: stimulus intelligibility,

selective attention, blend responses, test reliability,
homogeneity, and validity. Since the concern of this
paper is exclusively methodological, any discussion of
the physiological factors that may underly dichotic ear
advantages ig avoided. The aim is to develop methods
for measuring the dichotic ear advantage with maximum
precision. Before we can attempt to answer the more
fundamental questions about the structures and processes
underlying the ear asymmetry, we must be able to ob-
tain valid and reliable measurements from dichotic
tests. There is much room for improvement in exist-
-ing methods with respect to this goal.

I. LATERALITY. INDICES FOR THE TWO-RESPONSE
PARADIGM

A. Method

In the two-response paradigm, two different stimuli .
are presented simultaneously to the two ears, and the
subject is asked to identify both, typically without any
constraint on the order of report. The two responses
must be different from each other, and guessing is en-
couraged, - This is the standard situation that will be
considered in this section.

The results of a standard two-response test may be
summarized in a 2X 2 table, as shown in Table I. The
responses are scored as correct (i.e., identical with
one of the stimuli) or incorrect without regard to order.
The proportions of correct and incorrect responses are
calculated separately for each ear, so that the row sums
in Table I are equal to 1.0. '

The overall performance level is defined as the aver-
age proportion of correct responses per ear,

‘ TABLE I.. The data structure in the two-response paradigm.

Responses
Correct Incorrect .
© 1-P 1.00
- Channels LE Py : r
RE . Py 1Py 1.00
. PPy 2—Pp-Pg 2.00
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FIG. 1. The numerical ranges of four indices of the ear ad-
vantage as a function of performance level.

Py=3(Pg+Pi).. Y

B. The simple differehce score (d)

The 31mplest index of the ear advantage is the dif-
ference between the proportions of correct responses for
the two ears,

+ d=Pp-Py , ()

The vast majority of dichotic listening studies have re-
ported the ear advantage as d. (There is no commonly
accepted name of the index; it is called d here simply
for notational convenience.) Although useful as a de-
scriptive statistic, d has severe limitations when the
results of different subjects, different tests, or dif-
ferent experimental conditions are to be ¢compared. .
These limitations arise from the constraint imposed on
differences between proportions by their absolute size—
a fact that is often neglected and therefore constitutes
one of the primary fallacies of descriptive statistics.

In the context of measuring laterality effects, Halwes
(1969) was the first to point out that the overall perfor-
mance level Py sets an upper limit to d,

d,,,,,_za, if 0.0< Py<0.5,
Apay=2(1=Pg) if0.5<sPy<1.0, ' ®)

where d,,,, is the maximal value that d can assume at a
given level of Py, and dy,,=~ dy;,, the corresponding
minimal (i.e., maximal negative) value. Figure 1(a)
shows the triangular function respresented by Eq. (3).

Thus, d indices.of different subjects, tests, or ex-
perimental conditions are not directly comparable un-
less the respective performance levels are equal.
Since, in general, performance levels are not constant
from one subject (test, condition) to another, compari-
sons of d indices are almost certainly invalid, ‘Many
studies in the past have neglected this quite elementary
limitation of simple difference scores and, consequent-
ly, some of these studies may have reached faulty con-
clusions.! Nevertheless, it must be conceded that there
is a theoretical possibility that direct comparisons of d

. are valid, after all—i.e., that d is the correct index to

use—, although this seems very unlikely (see Sec. I E).
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Hopefully, empirical evidence will become available in
the future to decide this issue objectively, - '

C. “Correcting” for the constraints of performance’
level

Several authors became aware of the limitations of d _
and proposed alternative indices of the ear advantage
that were subsequently used by others. All of these in-
dices were intended to provide a measure of the ear ad-
vantage that is independent of performance level, both
theoretically and empirically.- Only one of the indices
discussed here seems toachieve this aim, but it will be

.argued that this index is still not a final solution to the
- problem of finding the optimal index of the ear advan-
" tage.

- POC (percentage of correct [responses]) and POE
‘(percentage of errors) are two alternative indices sug-

gested by Harshman and Krashen (1972). They are de-
fined as ' , '
POC = P, /(Pg+ Py) . - @
and ‘
POE= (1 - P,)/(2- P4—Py) . )

These indices range from 0 (perfect LEA) to 1 (perfect
REA); an index of 0.5 means no ear advantage, For
those who, like the present author, prefer a scale rang-
ing from — 1 (perfect LEA) to +1 (perfect REA)—and
this is entirely a matter of personal choice——corre-
-gponding POC’ and POE’ indices are obtained by a sim-
ple linear transformation of POC and POE?2:

POC’=2POC—1=(PR_PL)/(PR+PL) y (6)
POE'=2POE - 1= (Pp= P,)/(2 - P Py) . )

The limitations of POC and POE as a function of per-

. formance level have recently been competently discussed
by Marshall ef.al. (1975). The analogous limitations of
POC’ and POE’ are illustrated in Figs. 1(b) and (c). In

- formal terms, we obtain from Egs. (3), (6), and (7),

POC,,, =1 ~ if0.0sPy<0.5,

POC),=(1-P)/Py 1£0.5<P<1.0, @
POE,,,=P,/(1- Py) if 0.0 Py<0.5,
POE[,.=1 if 0.5<Py<1.0..

" Thus, it is evident that the range of POC’ is uncon-
strained at low performance levels and the range of
POE’ is unconstrained at high performance levels, but
where one index is unconstrained the other is severely
limited by performance lével, The same is true for
POC and POE. Harshman and Krashen (1972) preferred
POE over POC after empirically demonstrating a high
positive correlation between P, and POC but. a low cor-
relation between Py and POE, as computed over a num-
ber of studies in the literature. This finding can be ex<

. 'plained by the fact that high performance levels are more
commonly encountered in dichotic studies than low per-
formance levels, so that the majority of the reported
scores fell in the region where POE,_,, rather than
POC,,,, is independent of performance level.
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A quite different approach was taken by Kuhn (1973)
v{h? proposed an existing statistical index, the ¢ coef-
ficient, as the solution to the performance level problem,

-which was readilyfaccepted by several other authors,

However, Levy (in press) has presented mathematical
proof and empirical evidence that the ¢ coefficient does
depend on performance level. ‘The theoretical argu-
ment can be made in simplified form by pointing out the
relationship between ¢ and POC’ and POE":

¢=(Pa=P1)/[(Pp+ P)2= Pppp)]/?

=[(POC’)(POE")} /2. (10)
The.n,. from Eqs. (8), (9), and (10),
Pmac=[Po /(1= P)I'/ i£0.0<Py<0.5, _
(11)

Smax=[(1 = Po)/Pg]'/? it 0.5<Py<1.0.

Thus, ¢pa, much like d,,,, is constrained by Py at all.
performance levels except 0.5. This is illustrated in
Fig. 1(d). ; : :

Being a conjunction of POC' and POE'—viz. , their
geometric mean—¢ combines the constraints of these
two indices. The most obvious solution is a disjunctive
use of POC’ and POE’ that takes advantage of the fact
that each is unconstrained in one half of the range of P,.
Thus, o E

e=POC’=(Py— P,)/(Py+ Py) if0.0<Py<0.5,

~ _ (12)
Since e=d/dy,, [cf. Eqs. (2) and (3)], eg,,=1 and thus is
completely independent of ‘P, ¥ The idea to express the
observed ear difference as a proportion of the maximally
possible ear difference at a given performance level was
first-conceived by Halwes (1969) and, more recently and
apparently independently, by Marshall e al. (1975) who
called their index f. The solution seems straightfor-
ward—it is a simple multiplicative rescaling of d to fit
its restricted range. '

1t should be noted thé,t the range of ¢ is independent of
Py but not its variability: e is least variable (i.e. , most

- reliable) at intermediate levels of Py, and it gets un-

reliable when P, approaches extremely low or high
levels. In addition, the variance of e ig likely to vary
with the magnitude of e itself, It is important not to
confuse the magnitude (estimated mean) of an index with
its variance; these are separate statistical parameters,
and only the former is expressed by an ear advantage in-
Thus, the magnitude of an index is not a direct
measure of its significance, which requires a separate
test. '

Despite its apparent.'independence of Py, e is not
necessarily the optimal index. The kind of theoretical

" and empirical support that is needed to determine the

correct index will be discussed in Sec. TE (see also
Marshall ef al.,. 1975). At this point, let us consider
a more obvious shortcoming of the e index (and of all
other indices proposed, for that matter): its failure

to correct for guessing.- Strangely enough, a correc-
tion for guessing has never been considered in the past,
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FIG. 2. Maximal and minimal ear scores (upper panel) and
their difference (lower panel) as a function of performance
level, for three levels of guessing probability.

although it is obvious that guessing plays a substantial
role in most dichotic experiments. In the next section,
an appropriate correction for guessing is derived.

D. Correction for guessing
In order to deal with the guessing problem, we need to
consider the scores for each ear, not just their dif-
ference d, as a function of Py, This is illustrated in
Fig. 2(a). 'The diagonal line labeled P,= Py is the case
of nq ear advantage (d=0). In this case, Pp=Pp=F,
regardless of the guessing probability. = At the other ex-
treme, consider the maximal and minimal possible ear
scores, Ppua,and Pp ..., as a function of P,. (We as-
sume here, without loss of generality, that the right ear
is the dominant ear; the corresponding results for left-
ear advantage are obtained by interchanging the R and L
subscripts.) Let us first assume that N, the number of
stimuli, equals infinity, so that the guessing probability
is zero. Then the lowest poss1b1e performance level,
Pgpins 1S Zero, and, of course, Py max=FL min=0 if Pomin
=0, As Pyincreases, Ppgp,, increases linearly towards
1.0 while Py ,,, remains at 0, consequently, Py max= 2Py
and Py, ;=0 for 0.0< Py<0, 5 At Py=0.5, Pg e
reaches 1.0 and remains at this level wh11e Py, niq e~
gins to increase with Py; consequently, Pgpgy= 1.0 and
" Ppmin=2Pg~1for 0.5< Py<1,0. Thus, the maximally
divergent scores for the two ears are represented by the
parallelogram labeled N= in Fig. 2(a). Of course,
Pg max— PLmin = dmaxy Whose relation to P is shown in
Fig. 1{(a) and again in F1g 2(b) as the function labeled
N=oo, . .

Now cons1der the more realistic case of a nonzero
guessing probability. Two typical cases, N=6 and N=4,
are illustrated in Fig. 2(a). The lowest expected per-
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formance level for a given number of stimuli, P, miny is
found to be

Poaa= -1/ () <2/

This is the performance level that would be expected if -
the subject produced only completely random guesses,
3 N(N=-1) combina-
tions of two responses lead by chance to a correct re-
sponge for one ear. Thus, Py ..= Pt uin=Pomin if Po.
=Pyyyy. From this minimum, Py, increases linearly
towards 1.0 as P, increases while Py ,,. remains at
chance level. However, this chance level does not re-.
main constant but depends on Pg,,,. At the point of
maximal ear difference, where Py, reaches 1,0,

Pyun=1/N-1), (149

which is the simple guessing probability for N stimuli.
(It is not 1/N because-the right-ear response must be
different from the left-ear response.) In other words,
at this point a hypothetical listener with the maximal
possible ear difference always can identify the stimulus
in the dominant ear but produces a random guess for the
stimulus in the other ear. The maximal ear difference
dinay at this point is

Armax= PRmax~ PLumin =1 — 1/(N-1)=(N- 2)/(N— 1),
(15)
which is the maximal expected ear difference for a given .
N. It occurs at a performance level of

Py=%+5(N=-1)=N/2(N-1) .

From this point on, Pg .. remains at 1.0 and P; min
increases with P,. The complete functions relating
Py ey @0d Py, 0, to Py are

PRma.x=[2/(N— 2)][(N" 1) Py - 1]
if 2/N< Py< N/2(N-1), (17
Prmax=1 if N/2(N- 1)< P,<1.0,
Ppon=[2/(N-2)]J(1 - Py) if 2/N<Py< N/2(N-1),
Ppmn=2Py—-1 if N/2(N-1)< P,<1.0.
' , (18)
Figure 2(b) shows the corresponding relatioﬁship be-

tween d,,, and P, for N=«, N=6, and N=4. For a finite
N, this function is

(13)

(16)

dmu=PRmn.x"PLmin
[2/(N-2)|(NPy—2) if 2/N< Py< N/2(N-1),

=2(1—P0) if N/2(N=-1)< Py<1.0.
’ (19)
(The function for N= is given in Eq. (3).)

Now we define e,—as we will call ¢ with the correctlon
for guessing-—as

e,=d/dnex
= (Pp— Pp)/[2(NPy - 2)/(N-2)] if 2/N<P0<N/2(N 1),
= (Pg- PL)/[2(1-P0)] if N/2(N=1)<s Py<1.0.
(20)

Equation (20) shows that e, is identical to e—and thus to

- POE'~in the upper range of performance levels. In

other words, POE’ is unaffected by guessing probability
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and needs no correction. It is only in the lower range iof '

performance, where POC’ applies, that a correction for

guessing becomes necessary. Without it, the magnitudes .

of ear advantage at low performance levels would be
seriously underestimated.

The correction for guessing just proposed is only a

“global and approximate solution. Ideally, such a cor-

rection should be based on a detailed model of perceptual
" and response processes in dichotic listening. At pres-
ent, such a model does not exist. Repp (1977b) has con-
sidered a very simple probabilistic model that assumes
that the listener either perceives a stimulus correctly
or makes a random guess, independently for each ear.
The ¢ index based on the resulting estimates of the
“true” probabilities of perceiving left- and -right-ear
stimuli is almost identical to ¢,, However, the model
is too simple to provide a complete account of the per-
ception of dichotic stimuli; likewise, the correction for
guessing may have to be refined in the future.

E. Isolaterality contours

The correct index of the ear advantage must fit both -
theoretical conceptions and empirical evidence. Halwes
(1969) believed to have solved the theoretical problem by
proposing an index (e) whose range is free of the con- ‘
straints of performance level. Although ¢ may very well
be the correct index to use, Halwes’ argument—ex-
pounded in Sec. IC—is not completely valid, as the .
following discussion will show. Marshall et al. (1975),
who also proposed e as: the perhaps best index, correctly
stressed that different indices represent “psychological
theories of how an S (subject) changes Re and Le [Py
and P.] in achieving different overall accuracies” .
320).* In other words, performance level mustbe under-
stood as a consequence of changes in right-ear and left-
ear scores, and the concomitant constraints on the
ranges of certain indices must be accepted if they are
predicted by theories about the form of covariation of
Pp and P,. There is no such theory that explicitly postu-
lates that the range of an ear advantage index must not
be constrained in any region of performance.

However, among the infinite number of possible the-
ories, thereis one class of theories that lead precisely
to this outcome, e.g., the theory underlying the ¢ index.
'In.order to clarify this point, consider the isolaterality
contours assumed by different indices, i.e., by dif-
ferent theories of the ear advantage. Isolaterality con-
tours connect points of equal underlying ear asymmetry
at different levels of performance. In Fig. 1, these
contours would be parallel horizontal linés within the
limits of each index., It is more illuminating to repre-
sent these isolaterality contours in terms of Py and Py,
- as Marshall ef al. (1975) have done. Figure 3 plots Py
against Py, so that the isolaterality contours connect
all pairs of scores (Py,; P,) that are assumed to reflect
the same underlying ear asymmetry. To simplify the
© exposition, the guessing probability is assumed to be
Zero; a nonzero guessing probability would have the ef-
fect of restricting the possible score combinations to a
region in the upper right-hand corner of the unit square -
(or accuracy space, as Marshall ef ai. call it).

! “ . :
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Figure 3 shows the isolaterality contours assumed by
four theories: those associated with the indices d,
POC’, POE’, and e. Note that the region above the pos-
itive diagonal reptesents REA’s while the symmetric
region below the positive diagonal represents LEA’s,
The isolaterality contours are shown only for REA’s;

.those for LEA’s are obtained by symmetric reflection

around the positive diagonal. The isoperformance. con-
tours, which connect all pairs of scores (Pg, Py) at the
same Py=3(Pp+ PL), are straight lines parallel to the
negative diagonal in each case.

Figure 3 shows that only the ¢ index provides a defi-
nite estimate of the magnitude of the ear advantage for
every pair of scores. The other three indices depicted
can give only a lower or upper bound on the ear advan-
tage when one of the two ear scores is either at chance
level or perfect, because these data points cannot be
uniquely assigned to a particular isolaterality contour,
Thus, for example, the fact that d cannot exceed 0. 2
when Pgy=0. 8—due to the “constraint imposed by per-
formance level on the range of the index,” discussed in
connection with Fig. 1—really means that, if d is the

. correct index (i.e., if the theory underlying d is ‘cor-

rect), any true ear advantage of d >0.2 cannot-be mea-
sured at Py=0.8, If the model underlying d happened to
be correct, this disadvantage must be accepted; it can-
not be taken as an a priori argument against the index

“theory. Similar arguments apply to POC’ and POE’.

From Fig. 3, the close analogjr to signal detection
theory is evident, which has algo been, pointed out by
Marshall et al. (1975). Py is formally analogous to the
false alarm probability, and Py to the hit probability: in
signal detection. . Isolaterality contours correspond to
receiver operating characteristic (ROC) functions , and
isoperformance contours to isobias contours (cf. Green
and Swets, 1966). The igolaterality contours assumed
by the ¢ index [Fig. 3(d)] are linear approximations to
the ROC functions resulting from the standard signal
detection model assuring underlying normal distribu-
tions with equal variance. This gives the ¢ index some

" intuitive plausibility, in view of the success of the stan-

dard signal detection model in many different situa-
tions. However, whether it is also a correct model of

0 0.5 10 0 0.‘5 10
P i P,

FIG. 3. Isolaterality contours assumed by the theories under-

lying four indices of the ear advantage.
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the dichotic ear advantage remains to be proven. In the
absence of stronger theoretical or empirical support,
the alternative models underlying d, POC’, or POE’ can-
not be ruled out. The POE’ model, for example, corre-
sponds to a “high-threshold” model in terms of signal
detection theory, which has been found to apply in cer-
tain situations (Green and Swets, 1966). There is an

. infinity of other possible models; those depicted in Fig.

" 3 are merely the extreme cases.

. In addition to the intuitive appeal of e, its underlying
agsumptions may be plausibly conceptualized as follows.
Assume that differences in performance level reflect
different levels of noise in the perceptual-auditory sys-
tem of listeners. Further, assume that, as the internal
noise level is reduced from very high to very low, Py
and P, increase independently of each other in the form
of two psychometric (ogive) functions. The separation
between these functions equals the true ear asymmetry
and may be expressed in terms of the signal-detection
statistic 4. 'This simple conception is identical with the
standard signal detection model, so that e—whose iso-
laterality contours are a good approximation to the stan-
dard model—would be the correct index (if not d” itself
is chosen as the index, which certainly is an option).
Again, however, this argument has only intuitive plausi-
bility at present. A decision between different models

_will require empirical evidence in favor of one or the
other.

 Unfortunately, empirical tests of the models are dif-
ficult. Marshall et al. (1975) have pointed out that, in
analogy to signal detection, it would be necessary tovary
performance level (which corresponds to the criterion
or cutoff point) in a number of steps while holding the
underlying ear asymmetry (which corresponds to sensi-
tivity) constant. This would generate points on the same
ROC function whose shape could then be determined.
There are both theoretical and practical problems with
this approach. The most obvious technique would be to
employ masking noise or some other form of distortion
to vary performance level within a single subject, but -
it is not clear whether this variation would be equivalent

to the hypothetical variations in internal noise level that -

cause variations in Py befween subjects, despite high
monaural intelligibility of the stimuli, Cullen, Thomp-
son, Hughes, Berlin, and Samson (1974) have varied

~ signal-to-noise ratio in a dichotic two-response para-
digm, but their results are irregular and permit no
conclusion. -A practical problem is that ear advantages
tend to be rather small and highly variable, so that an
enormous amount of data would be necessary to dis-
tinguish different shapes of ROC functions in the vicinity
of the pos1t1ve diagonal.

Halwes (1969) took the more global empirical approach
of taking the average ear differences obtained for dif-
ferent groups of subjects in a number of different ex-
periments and plotting them as a function of the varia-
tions in average performance level between the experi-

- ments. When the average ear advantages were expressed
“in terms of e, they turned out to be strikingly indepen- -
dent of performance level, which, at the time, provided
impressive emp1r1ca1 support for the e index. Unfor-

1
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tunately, this result does not hold up in the light of more.
recent data. The present author has surveyed a large
number of dichotic studies conducted since 1969 and
found large variéftions in the magnitudes of ear advan-
tages from study to study, regardless of performance
level, so that no clear conclusion emerges from the

data in the literature,

Yet another way of testing the assumptidns undeﬂyiﬁg

" the e index would be to conduct an analysis of individual

stimulus pairs, A large amount of data would have to
be collected for this purpose. If individual stimulus
pairs vary in their “performance level,” but not in the
underlying ear asymmetry, then the data points (Py
plotted against Pp) for all individual stimulus pairs
should lie on the same ROC function.. This approach is
analogous to that discussed in Sec. III for the single-
response paradigm, and it is certainly worth investigat-
ing. However, it is not clear whether individual stimu-
lus pairs vary more than randomly in performance level
(except for the “feature-sharing effect” discussed in Sec.
1V); performance level has so far been considered a '
characteristic of the listener, not of the stimuli. More

-detailed investigations of the dichotic competition be-
* tween individual stimuli are needed.

Thus, although e has the advantage of being the in-
tuitively most satigfying index, other indices and their
corresponding models cannot be ruled out completely at
present. It is recommended, however, that e, [i.e., e
with the correction for guessing—Eq. (20)] be adopted
as an index-as long as there is no evidence that speaks
against its use, In the remainder of this paper, a sim-
pler approach to measuring the ear advantage will be
described that, despite many analogies, avoids some of
the problems inherent in the two-response paradigm.,
Some of these problems will become clear as the dis-
cussion proceeds (see especially Sec. IV)., Considering
the complexity of the two-response paradigm, it may
be time to look for alternative methods that perhaps
achieve the same goal with fewer complications.

1. DICHOTlC FUSION AND THE SINGLE-
RESPONSE PARADIGM

A. Dichotic fusion

!

When two sounds are presented simultaneously to the

. two ears, they are not always perceived as two separate

events. Often they fuse into a single sound image, i.e.,
binaural (dichotic) fusion occurs. The fusion mechanism
tolerates a certain amount of spectral discrepancy. For
example, dichotic sinusoids within a certain critical
frequency range (the “binaural critical band”) are heard
as a single tone, although it may “beat” when low fre-
quencies are involved (Odenthal, 1963; Perrott and

‘Barry, 1969; Van den Brink, Smtmcolaas and Van

Stam, 1976). The fused tone is heard at a frequency
intermediate between the two dichotic frequencies
(Odenthal, 1963). Of special importance is the finding
that two different tones that normally would not fuse can
be made to fuse by imposing the same low-frequency
modulation onto them (Leakey, Sayers, and Cherry,
1958, Tobias, 1972). In general, it seems that com-
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plex'auditory signals ‘with similar waveform envelopes.
fuse despite considerable differences in microstruc-
ture.

This result is important in the dichotic fusion ef speech
sounds. The waveform envelope of a speech signal is
determined by its low-frequency components (primarily
the fundamental frequency), while the higher formants
constitute the microstructure, Two different isolated
formants presented dichotically at the same fundamental
frequency fuse into a single sound, while two formants.
with the same center frequency but with different funda-
mental frequencies are heard as separate sounds
(Broadbent and Ladefoged, 1957). Thus, a speech
signal may be “split” by filtering it into nonoverlapping
low- and high-frequency bands which, if presented sim-
'ultaneously to the two ears, are heard as a single source
resembling the original (Broadbent, 1955; Franklin,
1969). Several recent studies have employed the re-
lated “split-formant technique” with synthetic speech,
where some formants are presented to one ear and the
remaining formants to the other ear (Rand, 1974; Nye,
Nearey, and Rand, 1974; Nearey and Levitt, 1974;

Haggard, 1975). Cutting (1976), in his recent classifica- ,

tion of dichotic fusion phenomena, called this “spectral
fusion.” ‘ : )

Dichotic fusion is not limited to the case where parts

‘of a speech signal fuseto reconstitute the original whole
stimulus. Even if two different complete utterances are
presented, the perceptual result may be a single fused
~ stimulus, provided that the two dichotic stimuli have
‘identical fundamental frequencies. The fused percept
. may resemble one or the other component, or it may be
a hybrid (see.Cutting, 1976). In assessing dichotic ear .
differences, it is important to know whether some or

all of the stimuli fuse, Ideally, the experimenter ‘should
be able to control this property of the stimuli.

The verbal materials used in dichotic ;listening studies
may be roughly classified into three groups:

(1) Words, digits, and other larger-sized verbal units.
Typically, they are natural speech and acoustically he-
térogeneous, so that the waveforms in the two ears show
little correspondence. Therefore, they tend not to fuse,®

(2) Natural-speech nonsense syllables, which have

- been-used extensively in recent research (e.g. » Stud-
.dert-Kennedy and Shankweiler, 1970; Berlin, Lowe-
Bell, Cullen, Thompson, and Loovis, 1973; Cullen et
al., 1974). The typical set.is /ba/, /da/, /ga/, /pa/,
/ta/, and /ka/, spoken by the same voice. Some of the
dichotic pairs formed from these syllables may fuse in-
to a single syllable if they are spectrally similar and
properly synchronized; this will depend on the particular
stimuli and recording procedures used. Apart from
temporal alignment, however, the experimenter has
little control over fusion. Tests of this kind often con-
tain fused and unfused pairs mixed together, which is a
methodological disadvantage, ’

(3) Synthetic syllables (e.g., Halwes, 1969; Shank-
~weiler and Studdert-Kennedy, 1967, 1975). As with any

other stimuli, it depends on their spectral similarity
(most of all on their fundamental frequencies) whether -
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_-they do or do not fuse, However, the imporiant advan-

tage ‘of synthetic syllables is that their acoustic prop -
erties—and, hence, their tendency to fuse—are under
the control of the ekperimenter. Thus it is possible to
construct homogeneous tests that contain only pairs that

fuse, or only pairs that do not fuse.

The most widely used synthetic stimulus set is /ba/,
/da/, /ea/, /pa/, /ta/, and /ka/ with identical funda-
mental frequéncy contours, As with the analogous nat--
ural-speech set of syllables,  the reason for their popu-
larity is primarily the convenience and availability of a
stimulus set that tends to give reliable REA’s-—not their
tendency to fuse, which has been given little attention.
The differences between these stimuli are confined to-the
first 50 msec or so, which carry the consonantal dis-
tinctions, . The vowel portions—which may last for an-

- other 250 msec or so—are exactly identical and there-

fore fuse perfectly in dichotic presentation. This alone
is sufficient to guarantee that dichotic pairs of these
stimuli will sound more or less fused (Halwes, 1969).
The “more or less” will depend on the spectral similari~
ty of the initial 50 msec. Synthetic /ba/, /da/, and
/ga/, if synthesized so they differ only in the transi-
tions of the second (and third) formant, fuse perfectly
into a single syllable, This was éxperimentally demon-
strated by requiring subjects to discriminate dichotic
pairs from binaural (identical) pairs of stimuli from the
same set. Most of the subjects, including experienced
listeners, performed at chance level (Repp, 1976b). It
is justified, therefore, to call these stimulus pairs “per-
fectly fused.”® '

Informal observationg suggest that strong fusion is
also obtained with the voiceless set (/va/, /ta/, /ka/)
if the stimuli differ only in their formant transitions, al-
though the initial random noise (burst and aspiration)
portions no longer fuse perfectly. On the other hand,
stimuli that contrast in voicing (and thus in the relevant
cue, voice onset time, so that a periodic waveform in
one ear is accompanied by filtered noise in the other -
ear during the first 50 msec or so) are sufficiently dif-
ferent to prevent perfect fusion. The listener has some
indication that different events have occurred in the. two
ears, but since these events are immediately followed
by a perfectly fused vowel, their discrepancy is per- =
ceived only as a brief noise or roughness accomparnying
the perception of a single fused syllable which can be
identified without great difficulty. Dichotic pairs con-
sisting of a single phonetic percept accompanied by an
auditory signal of interaural discrepancy may be called
“partially fused” (cf. Repp, 1977a, 1977¢).

The fusion of synthetic syllables can be effectively
prevented by presenting them at different fundamental
frequencies (Halwes; 1969; Repp, 1976a). Temporal
asynchrony also reduces fusion, but as long as the sig-
nals overlap, they may still fuse partially. Some re-
searchers have paired CV syllables that contrasted in
their vowels as well as in the initial consonants (Stud-
dert-Kennedy, Shankweiler, and Pisoni, 1972). Dif-
ferent vowels with the same fundamental frequency seem

- to fuse quite well, although they may be discriminable

from binaural stimuli if they are spectrally dissimilar
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(Kuwahara and Sakai, 1976). The frequency of the first
formant may play a role in addition to fundamental fre-
quency, but little work has been done on the fusion of
complex sounds such as vowels. The influence of vari-
ous other parameters (such as bursts, nasal resonance,
frication, etc.) on dichotic fusion of speech sounds has
not been systematically studied. If stimuli involving
such differences are to be used for agsessing ear advan-
tages, their degree of fusion should first be determined.

B. The single-response paradigm

The standard procedure requires the subjects in a
dichotic test to identify both competing stimuli. While

appropriate with unfused stimuli, the two-response pro-

cedure has also been used with synthetic syllables sub- -
ject to dichotic fusion (e.g., Shankweiler and Studdert-
Kennedy, 1975). It is not surprising that the overall
accuracy was quite low in these studies, because at least
one of the two responses must have been a guess. Al-
though it is possible to analyze only first responses and
ignore second responses, one cannot be gure that the
subjects always record their most confident response
first, even when instructed to do so. Thus, the re-
sponses reflecting what the listeners actually perceived
are.distributed over two response columns, and it is
impossible for the experimenter to identify them reliab-
ly. Hence, instructions. to identify two stimuli when only
one is heard are inappropriate. - The only appropriate
instruction is simply to identify the syllable heard (the
single-response paradigm). The listener need not even
be informed about the presence of different events in the
two ears. Instructions to selectively attend to one ear
are also inappropriate when the stimuli are fused, since
it has been shown that selective attention to one ear has
little or no effect with fused stimuli (Halwes, 1969;

- Repp, 1976b). The topic of selective attention will be
“discussed in more detail in Sec. IV,

. Thus, dichotic tests using fused syllables are quite

_ different from those using unfused stimuli. With un-
fused stimuli, the subject gives two responses which

- are then classified as correct or incorrect, The em-
phasis is on accuracy of identification. A large num-
ber of errors is desirable.. These errors should be
due to dichotic competition only; the monaural intel-
ligibility of the stimuli should be as high as possible.
The “raw” ear advantage (d) is defined as the difference

between the proportions of correct responses.for the two

ears.

In a test using fused stimuii, on the other hand, only

a single response is given to each stimulus pair. Ideal- )

ly, this response should match one or the other of the
component stimuli., Dichotic pairs for which this indeed

'~ tends to be the case (e.g., /ba/-/da/, which is heard

- as either /ba/ or /da/) are especially desirablé. Other
pairs also yield hybrid responses such as “psychoacous-
tic fusions” or blend responses (Cutting, 1976; Repp,
1976b, 1977a). The methodological problems created
by such responses will be discussed in Sec. IV. If we .
congider only the “ideal” pairs, ‘such as /ba/-/da/,
where virtually all responses match one of the two.com-
ponent stimuli, we see that there are no errors and ac-
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curacy is perfect (or, in pra,cticé, as good as the .mon-
aural intelligibility of the stimuli). The question is not

_ how accurately each ear performed but how the competing

information was éreighted and combined into a gingle
perceptual outcome. Thus, the emphasis is on dichotic
integration, not on competition. Instead of different

~accuracy levels for each ear, we have two complementary

proportions representing each ear’s share of the re-
sponses. The difference between these proportions
represents the “raw” ear advantage. I

Despite the theoretical and methodological differences,
the two paradigms also have much in.common. Specif-
ically, the problems encountered in deriving an appro-
priate laterality index are rather similar. This will be-
come evident in the following section which derives such
an index for the single-response paradigm.

. LATERALITY INDICES FOR THE
SINGLE-RESPONSE PARADIGM

A. Ear dominance and stimulus dominance

In this section, the simplifying assumption is made that
each stimulus pair in a test using fused stimuli yields
only two kinds of (single) responses, one that matches
the stimulus presented to the left ear and one that matches
the stimulus in the right ear. One example, already
mentioned in the preceding section, is the pair /ba/-
/da/, which is heard as either /ba/.or /da/. (For other

.examples, see Sec. IVE.) Thus, the responses can be

divided into those reflecting perceptual dominance of the ,
left-ear stimulus and those reflecting perceptual domi-
nance of the right-ear- stimulus. Taking into account the
two possible channel/ear assignments of the stimuli,

the data for a single stimulus pair can then be repre-
sented in a 2X 2 table, as illustrated in Table II, The
two different channel/ear assignments of the stimuli
constitute the rows of this table, and the two responses
the columns. The entries are the proportions of the two
responses for each of the two channel configurations.

Perceptual dominance is a probabilistic phenomenon,’
so that, in general, both responses will occur with some

-frequency over a number of single-response triils,

There are two independent factors that determine which
of the two competing stimuli dominates the perception of
the fused syllable at a given time. One ig the tendency
of (the stimulus in) one ear to dominate (the stimulus in)
the other ear. It is appropriately called ear dominance
and, of course, is analogous to the ear advantage ob-
served in the two-response paradigm.’ The other fac-
tor is the tendency of one stimulus to dominate the other
stimulus, regardless of their particular channel assign-

TABLE II. The data structure for a single stimulus pair in
the single~response paradigm, with sample values.

Channels Responses .

LE RE /ba/ ' /da/
/ba/ -~ /da/ %1=0.276 1-%;=0.724 1. 000 -
/da/ =/ba/ yi=0.487 1—y;=0.513 1.000
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ment. It has béen termed stimulus dominance and con-
stitutes an important phenomenon in its own right. (Repp,
1976b, 1977a, 1977c).

The two factors are illustrated by the fictitious data in
Table II. Ear dominance is reflected in the difference
between the averages of the diagonal entries in the 2x2
table. In the present example, there is a right-ear
dominance: 3(72.4+48.7)=60.5% of the responses, went
to the right ear and only 2(27.6+51.3)=39.5% to the left
ear. At the same time, there is a pronounced stimulus
dominance effect, which is reflected in the difference.
between the column averages: /da/ was heard in $(72. 4
+51.3)=61.8% of the trials; /ba/ only in £(27.6+48.7)
=38.2%.° ' ’

It should be emphasized that the information about ear °
and stimulus dominance is contained only in the complete
2X 2 contingency table but not in its individual rows. The
‘two different channel assignments of a particular stimu-

“lus pair must always be considered together; otherwise,
the results can be very misleading. In Table II, for
example, /da/-/ba/ (with /ba/ in the right ear) shows
a slight LEA, while /ba/~/da/ (with /da/ in the right
ear) shows a very large REA. -Such an apparent reversal
of the ear advantage can appear puzzling if it is inter-
preted without considering the joint operation of two fac-
tors, ear dominance and stimulus dominance (cf. Speaks,
Niccum, Carney, and Marble, 1975; Niccum, Speaks,
and Carney, 1976). In fact, the right-ear dominance
underlying these data.is canceled by stimulus domi-
nance inthepair /da/-/ba/, and it is augmented by sti-
mulus dominance in the pair /ba/~/da/. Neither case
in isolation reveals the actual size of the REA which
lies between these extremes and must be inferred from
the complete contingency table, Likewise, an appro-
priate estimate of stimulus dominance in an individual
stimulus combination can only be derived from the com-"
plete table. .

Table II bears a close resemblance to the 2x2 con-
tingency table for the two-response paradigm (Table I).
However, in Table I, the dimensions were left/right ear
and correct/incorrect responses. The analogy becomes
closer if we arbitrarily consider one response in Table
Il as “correct” (e.g., /ba/) and the other as “incor-
rect” (e.g., /da/). The rows of the two tables remain
incompatible, however; In Table I, they represent the
individual component stimuli in each ear, while, in
Table II, they represent the two possible channel/ear
assignments of both component stimuli. In the two-
response paradigm, it is easy to summarize the re-
sponses to all stimulus pairs in a single table; in fact,
it is standard procedure to do 80, and the data are rare-
ly broken down to the level of individual stimulus pairs.
Basically, each individual channel agsignment of each
stimulus pair yields its own 2x 2 table (of the form

‘shown in Table I), and these tables are then simply added

up or averaged. This presents no problem, because
each stimulus pair yields left-ear and right-ear as well
‘as correct and incorrect responses. In the single- re-
sponse paradigm, on the other hand, the 2X 2 tables for
the individual stimulus pairs are not commensurate—
their rows and.columns have different labels in each
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case— and therefore cannot simply be added up or
averaged. Even if we stipulate that the positive diagonal
always contain righ{-ear responses and the negative
diagonal left-ear responses (as in Table II), there re- .
mains one degree of freedom for the arrangement of the
table. The next section shows how this problem can be
solved. ‘ :

B.” The e index for the single-response paradigm

The problem facing us is how to compute an.appropri-
ate laterality index for a whole single-response test,
It is easy to compute ear dominance indices for individ- -
ual stimulus pairs, Despite the different nature of the

- entries in Table I and Table II, the structure of the data

is almost completely identical in the two cases, and
most of the discussion of Sec, I applies. In particular,
the factor of stimulus dominance exacts the same con-
straints here as the factor of performance level in the
two-response paradigm. A 50/50 distribution of re-
sponses here is analogous to a 50% performance level
there, The simple difference index, d,=y,-x,, is un-
satisfactory for the same reason that d is unsatisfactory
in the two- résponse paradigm. (The subscript {indicateg
that we are dealing with a single stimulus pair.) Clear~
ly, the best choice is ‘

er= (9 =%/ (9g+x,) if %(y!"'xi)s 0.5,

e =(9i=%)/2=9;-%,) if 3(y,+%,)>0.5 . (21) |

Sitice the arrangement of the 2% 2 data table is arbi-
trary, we may adopt the convention of tabulating the less
frequent response in the left column (as in Table 1),

50 that the first condition always holds and

e;=(y;-x)/(y;+%;) . (22)

Thus, a lateraiity index can be computed for each in-
dividual stimulus pair. The most straightforward way
of arriving at an index for the whole test would then be
to take the average of all the e; indices, However,
these indices vary considerably in their precision, de-"
pending on how much stimulus dominance deviates from -

.equilibrium. e, indices are most reliable wheh the two -

stimuli are in equilibrium, and they become more vari-
able and unreliable as the relative dominance of one or
the other stimulus increases (cf. Sec. IC). This fol-
lows straightforwardly from statistical arguments,
Therefore, e, indices for stimulus pairs with very asym-
metrical response distributions should receive less

~ weight than indices for stimulus pairs with more nearly

symmetrical response distributions. The degree of
asymmetry is represented by the proportion of the less
frequent of the two responses, w,=3( ¥;+%,;), which is

‘the appropriate weight to be assigned to each ¢,. We

then compute the overall E index as the weighted aver-
age of the ¢, indices,

E=va,e,/2w,
='1'Z [(y;+x;)<y¢—x;)/(y¢+x¢)] /lz(yﬁx,) (23)
2 : 2
=Z(yi‘xdyz(yi+xt)=e .
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. Thus, the result turns out to be identical with the e.
index computed from a summary 2X2 table for the whole

test. Note that, by adopting the conventions of tabulating

the less frequency response in the left column and right-
ear responses in the positive diagonal, we have fixed the
format of the data tables, so that they can now be added
up or averaged in a nonarbitrary way. The e index com-
puted from this summary table is then identical with the
weighted average of the e, indices for the individual ‘
stimulus pairs. :

~ The variance of the e, indices provides us with an esti-
mate of whether the overall e index is significantly dif-
ferent from zero. Assuming that the e; indices are ap-
proximately normally distributed around zero- if the null
hypothesis is true, we make use of the well-known rela-
~ tion that the estimated variance of the mean is the sam-
ple variance divided by the number of observations,

s*(e)=sh(e)/N 24)

where N is the number of stimulus pairs. The subseript
w indicates that, again, we would like to agsign more
weight to the deviations of the more reliable indices from
the mean than to the deviations of unreliable indices.. We
thus compute the weighted variance of the ¢, indices as

.v Si,(é;)=2w¢(e¢—e)a/2 w;
ST 0t /T
DTN CREN VOWCREN
D> im0/ T e |

. Confidence limits for e can then be estimated by e
+2s(e). 1f they do not include zero, e is significant at
. approximately »p<0.05.

C. Thee' index.

(25)

e will be a useful index as long as the distribution of
the ¢; indices is roughly symmetrical, With very asym-
metric distributions, however, an arithmetic mean is
not the optimal measure. There is an alternative meth-

od available which also permits an approximate graphical .

determination of the laterality index, - This method
makes use of the basic concepts of signal detection theory
referred to in Sec. 1. In addition, it provides a direct
test of the assumptions underlying the ¢ index, which-is
of great significance. The procedure is illustrated in’
Fig. 4 using some actual data from a recent experi-
ment by Repp (1977a).

We again restrict our attention to the less frequent
responses only, i.e., to the left columns of the N data
tables for the individual stimulus combinations. The
entry in the top row (x,) represents left-ear responses,
or “false alarms.” The entry in the bottom row (¥;)
represents right-ear responses, or “hits.” We then
. plot y,~—or p(H), the hit probability—against x,—or
p(FA), the false alarm-probability—for all stimulus
pairs. This results in a swarm of points located on or
below the negative diagonal of the unit square, (There~

24 A RI. A Odlesamabhad 1077
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fore, only its lower triangular portion is shown in Fig.
4.) To these points, a receiver operating characteristic
(ROC) function may be fitted. The standard ROC func-
tion is curvilinear, but for our purposes little accuracy
is lost by simply fitting a linear function. A straight
line through the origin and the data points may be fitted
by eye, or, more precisely, by the method of least .
squares. The slope b of this line will range from in-
finity (perfect REA) to 0 (perfect LEA). It order to
convert this range to the standard scale from +1to -1,
we define.

e'=(b-1)/(b+1).

This value can also be read off a linear scale on the
negative diagonal, as illustrated in Fig. 4. The tri-
angles are the average results of eight subjects, while
the circles are for a single experienced listener (the
author) who showed an especially large REA. Based on
24 data points (stimulus pairs) in each case, the e’ co- -
efficients are +0.55 and +0. 96, respectively. It can be
seen in Fig. 4 that the point swarms are fitted reason-
ably well by straight lines (isolaterality contours) through
the origin, which provides empirical support for the e’
index. Further support has been obtained in recent ex-

(26)

‘periments using dichotic voicing contrasts (Repp, 1977¢).

e’ may be directly calculated as :

e’=ta‘n{%arctan[(z yf-sz‘)/ 29, x,y,]} @7

which effectively is a rotation of the best-fitting line into
the + 45 degrees sector, so that its slope (the tangent)
ranges from +1 to - 1. o

¢' is an unbiased measure in terms of signal detection
theory, since it is a simple linear transformation of the
area under the ROC function, a commonly used mea-
sure of sensitivity that is independent of any particular
assumptions about the internal representations of the
sensory events (Green and Swets, 1966; Richardson,
1972). It is monotonically related to the signal-detec-
tion index d’. Testing the significance of e’ is not.
straightforward, however, so that one may rely on the
e approximation [Eq. (22)] for this purpose.

¢’ is usually well approximated by e. Table III pre-
sents e’ and e coefficients, together with s(e), for the

"eight subjects in Repp’s (1977a) study. It can be seen

that e is generally very close to e’; the largest deviation
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FI1G. 4. Tllustration of the gi'aphic derivation of the ¢’ index. -
Data from Repp (1977a). See text for explanation.
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TABLE III. Ear advantages on the voicing dimension. Data of
eight subjects-from Repp (1977a).

" Subjects e e sle)
JK v +0.17 40,16 0.06
JL +0.73 +0.72 0.06
RG o +0.89 +0,89 0.02
MR +0.57 +0.49 0.10
GG =0.09 . -0.12 0.08
WT +0.90 +0,88 0.04
TJ ' + 0,47 +0,44 0.07
cw +0.75 +0.74 0.06

oceurs for subject MR, who in fact showed a highly
asymmetrical distribution of e, indices. By the £2s
criterion, all coefficients except that for subject GG (the
only case of left-ear dominance) are significant, It
should be noted that s(e) becomes constrained as e ap-
proaches =1 (cf. subjects RG and WT in Table III), so
that it should not be used for testing whether two coef-
ficients are significantly different from each other. A
nonparametric test may be used for this purpose.

'One important difference between the present proce-:
dure of deriving e” and the signal detection paradigm
shouid be pointed out. In the latter, “bias” is varied by
means of instructions, payoffs, etc., while the stimuli
for which sengitivity is being measured are held con-
stant. If the stimuli (e.g., signal and/or noise levels)
were to be changed, the listener’s sensitivity would
change‘, too. In the present-case, stimulus dominance
takes the role of bias and ear dominance that of sensi-

- tivity. However, in order to change stimulus dominance,
the stimuli themselves are varied. Thus, it is assumed
that ear dominance is independent of the nature of the
stimuli, at least within a given class (such as initial
stop consonants). The validity of this assumphon is an-
‘empirical question. It is especially convenient that .
determining e’ for a set of data at the same time pro-
vides a test of its underlying assumptions. So far the
results have been encouraging., Moreover, no correction
for guessing is needed for e’ since, in general random
guessing plays only a small role in the single-response
paradigm. However, the single-response paradigm is
not without its own problems. The last section provides
a discussion of a number of methodological issues and
problems not consudered so far.

v. PROBLEMS IN MEASURING THE DICHOTIC
EAR ADVANTAGE

A. Stimulus intelligibility

It is good practice to precede a dlChOth test with a
series of binaural (or monaural) stimuli, in order to
familiarize the listener with their sound and to find out
whether they can be reliably identified. In order to ob-
_tain useful dicliotic data, the stimuli must be intelligible
and yield high binaural (or monaural) identification
scores.®

This goal is more easily achieved with natural speech
stimuli than with synthetic speech. However, synthetic
stimuli are desirable because their acoustxc properties
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can be controlled by the experimenter, Therefore, it is
advisable to use a good set of synthetic stimuli that has
been pretested for mtelhgibxhty-—-a point that has often
been neglected in the? past.,

Even when the average intelligibility of a set of syl-
lables is high,. their intelligibility should be tested for
each individual subject in a given test, From time to
time, individuals are encountered who find it very dif-
ficult to identify syntheti¢c speech sounds. Such individ-
uals may have to be excused from the test, (This is an
obvious problem in clincial appllcatlons of dlchotlc tests
using synthetic syllables. )

Intelligibility is usually assessed in-terms of the con-
fusions that occur between members of a stimulus set.
The information obtained from a binaural (monaural)
confusion matrix may be used to apply a correction to

- dichotic data which leads to a better estimate of thé

stimulus dominance relationships between the stimuli
Unfortunately, however, information
about ear dominance cannot be recovered inthis fashion—
confusable stimuli yield smaller ear advantages than
nonconfusable stimuli (Repp, 1977a), Since this effect
may be confounded with individual differences in con-
fusion patterns, it is advisable to omit confusable pairs
when calculating ear advantage indices for individual
subjects,

Problems arising from confusability of certain stimuli
may also be reduced by using a dichotic listening pro-
cedure that does not require a labeling response. I
mention here onIy one such alternative, originally pro-
posed by Preston, Yeni-Komshian, and Benson (1968),
that is especially suited for fused stimuli: The two
component stimuli are presented binaurally, followed
by the dichotic pair, and the listener judges whether the
dichotic stimulus was more similar to the first or the
second binaural stimulus.. Repp (1977c, and work in
progress) has used an AXB version of this ABX para-’
digm, i.e., with the dichoti¢ pair in the middle of each
stimulus triad. This method may yield cleaner data
than the single-response identification task, but it is
more time consuming.

The mtellxglblhty—confusablhty issue raises an im-
portant theoretical problem. Individual differences in
the perception of stimuli (especially of synthetic syl-

" lables) are large, and “poor subjects” who produce many

confusions will tend to have smaller ear advantages than
“good subjects,” ‘The individual differences that thus
confound the measure of the ear advantage may be due to
differential sensitivity to the acoustic cues manipulated
in synthetic speech, which are just a subset of the cues
available in natural speech for the relevant phonetic
distinctions. The cues of synthetic stimuli may be per-
fectly sufficient for some listeners, but only minimally
so for others. Now suppose we have succeeded in gen-
erating an excellent stimulus set that produces no con-
fusions at all. Do we have eliminated the individual dif-
ferences? Overtly, yes; but if the stimuli were at-
tenuated or mixed with white noise, some subjects prob-
ably would produce more confusions than others. Also,
if tested with an acoustic stimulus continuum as used in
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categorical-perception studies, some subjects would
have sharper category boundaries than others. These
individual differences would most likely reflect the s}a.me
differences in cue sensitivity that are evident with in-
herently confusable stimuli.

Tt seems quite possible that such individual differences
in perceptual variability play a role in the perception of
dichotic stimuli. A fused dichotic syllable pair is often
quite ambiguous, and an unfused stimulus pair is often
degraded through mutual interference between the two
stimuli, The problem is best illustrated with a fused
pair, e.g., /da/-/ga/, as shown in Fig. 5.  Assuming
perfect intelligibility of the component stimuli and no
pronounced stimulus dominance effect, this dichotic
pair sometimes sounds like /da/ and sometimes like

-/ga/. (Because of categorical perception, the subject
may often not be aware of the inherent ambiguity of the

syllable.). For individuals with a REA, the dichotic pair -

sounds a little more (often) like /da/ when /da/ is in the
right ear, and a little more (often) like /ga/ when /ga/
is in the’ right ear. Thus, the two fused stimuli may be
considered ag lying on a /da/— /ga/ continuum, a little
to the left and a little to the right of the category bound-
ary, respectively. A “good subject” with low perceptual
variability has a sharp category boundary and thus re-
solves the two dichotic stimuli well; she will show a
clear REA. A “poor subject”, on the other hand, with
. the same degree of latevalization as the good subject
is likely to have a flatter'psyt:hometric;' function separat-
" ing the two categorles and, as a result, will produce
similar response distributions for the two dichotic pairs
and thus a smaller REA. This is schematically il-
lustrated in Fig. 5.

If this argument is correct, it implies that individual
differences in the dichotic ear advantage may be in-
“extricably confounded with individual differences in
perceptual accuracy. This would be a serious obstacle
-to measuring individual ear advantages on an ordinal
scale. :

This 'probleni seems to be less acute in the two-re-
sponse paradigm; there, variations in perceptual ac-

Category
Boundary

Sof

Listener
Iaudsil  poog,

*Poor” Li

Percentage of /da/ Responses

RE = {/da/)i/gas
LE=t/ga/ii/dos

STIMULL
FIG. 5. Schematic illustration of the effect that individual
differences in perceptual accuracy might have on ear domi-
nance for fused syllables.

rda/ /qa/
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curacy are translated, at least in part, into variations

in performance level which can be dealt with more easi-
ly. However, this apparent advantage of the two-re-
sponse paradlgm‘is offset by a number of dlsadvantages .
that are discussed in the next paragraphs.

B. Stimulus dominance

We have seen that the factor of stimulus dominance
can be dealt with elegantly in the single-response para-
digm. Stimulus dominance in this paradigm is somewhat
analogous to performance level in the two-respounse
paradigm. However, this analogy is purely formal—
i.e., these are the factors that can be effectively handled
in the respective paradigms by using similar methods—,
but they are conceptually very different. Ag the preced-
ing paragraphs have shown, there are presumably varia-
tions in “performance level” (i.e., perceptual accuracy)

- in the single-response paradigm, but they are covert

and much more difficult to deal with. Conversely, there
is the problem of how to deal with stimulus dominance
in the two-response paradigm.

Although stimulus dominance may be expected to play
a smaller role in the two-response paradigm, there is
evidence that it is nevertheless present. Berlin ez af.
(1973), for example, have reported that unfused natural-
speech syllables contrasting in voicing receive more
correct voiceless responses than correct voiced re-
sponses. Berlin ef al. reduced this asymmetry by
aligning the stimuli at the'first pitch pulse rather than
at stimulus onset. Speaks et gl. (1975), who used the
same alignment criterion, reported data suggesting that
stimulus dominance effects are relatively small with
natural-speech stimuli. However, this issue needs to
be investigated in more detail. There is no doubt that

- .strong stimulus dominance reduces the manifest ear

advantage, and if some individuals show stronger effects
than others, these individual differences are confounded
with the measure of the ear advantage. At present,
there is no way of dealing with this potent1a1 problem,

C. Guessing

Random guessing plays an insignificant role in the
single-response paradigm. Random guesses following
lapses of attention or highly ambiguous stimuli may oc-
cur now and then, but, in general, the listener reports
what she hears and does not resort to guessing (except
for “sophigticated” guessing between a very limited
number of alternatives)., In the two-response paradigm,
on the other hand, guessing is commonplace. Fre-
quently a listener can identify the stimulus in one ear
but has few or no clues about the stimulus in the other:
The resulting guesses cannot be reliably identified
in the data and lead to a considerable amount of random
variation., The correction for guessing proposed in -
See. I D is a rather crude procedure {cf. also Repp,
1977b), and alternative ways of dealing with the guessing

_problem should be considered.

One obvious possibility is to instruct the listeners not

to guess, i.e., to give zero, one, or two responses per -~ .

stimulus pair, depending on how many stimuli can be
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identified with reasonable confidence. This method has
rarely been used, because the resulting heterogeneous
protocols are difficult to analyze. - More commonly,
subjects are instructed to write down the more confident
respouse first, and then only.these responses are ana~
lyzed. - Effectively, this is the single-response paradigm
- applied to unfused stimuli. (The second response might
just as well be omitted,.) If both stimuli can be identified
on a trial, the procedure amounts to a judgment which of
them is the more salient. This procedure is interesting
because it reduces-guessing and permits the methods of
Sec. III to be applied, so that stimulus dominance can

be taken into account. The main problem is the control
of selective attention, dlscussed in the next paragraphs.

' D Selective attention

The most important difference between fused and un-
fused syllables lies in the effect of selective attention,
Perfectly fused syllables are heard as originating in the
middle of the head, ‘and voluntary efforts to pay attention
to one ear has no effect on the responses (Repp, 1976b).
The effect of selective attention with partially fused syl-
lables appears to be very small (see Halwes, 1969;
Repp, 1976a).'® Unfused syllables, on the other hand
yield large attentional effects, and practiced hs,teners
are able to reach almost perfect scores when reporting
only the syllables in one ear (Halwes , 1969). It isfair

‘to say that the effectiveness of selective attention is a
direct function of the degree of fusion of two stimuli (cf.
also footnote 4).

It follows that, ‘with unfused syllables, it is not pos- -
sible to separate attentional preferences, effectiveness,
or bias from the ear advantage per se, which presum-
ably has a physiological basis. Some researchers have
hypothesized that the ear advantage is entirely an at-
tentional phenomenon (Kinsbourne, 1973, 1975; Morais
and Landercy, 1977) or a perceptual advantage for stim-
uli localized to the right of the midline (Morais and
Bertelson, 1973, 1975; Morais, 1975; Hublet, Morais,
and Bertelson, 1976). The fact that a significant REA
is obtained for perfectly fused syllables in the absence
of any attentional effects (Repp, 1976b, 1976¢c) suggests
that there are both physiological and attentional com- .
ponents of the ear advantage. It is possible that per-
fectly fused syllables yield an estimate of the physiolog-
ical component alone, with the attentional component re-
moved. With unfused syllables, physiological and at-
tentional effects are confounded. '

In fairness, one should dlstingu_ish two kinds of at-
tentional effects: automatic and strategic biases.
Automatic biases may arise from contingencies and
expectancies within the experimental situation; for ex-
ample, during or.after processing a verbal stimulus,
the left hemisphere may be activated more than the
right, which leads to an automatic bias for stimuli on
the right side. These kinds of involuntary biases are -
" what Kinsbourne and Morais have in mind. The REA
- for unfused syllables apparently can be. influenced by

contextual factors (Goldstein and Lackner, 1974; Morais
and Landercy, 1977); whether the same is true with
fused syllables remains to be investigated. Individual
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differences in automatic attentional preferences are
difficult to distinguish from differences in the physio-
logical or functional ear asymmetry itself; they may be
highly correlated. étrategic biases, on the other hand,
are voluntary and at the disposition of the listener. For
example, by deliberately paying attention to the left ear,
even persons with a strong REA can produce a LEA with
unfused stimuli. Such strategies are not under control
in the standard two-response paradigm, so that the ear
advantages obtained are not a pure measure of lateral -
asymmetry

, This is especially obvious when the single-response
It does not suf-

both ears; unexperienced listeners may. not follow these
instructions, and there is no way of controlling whether
they do. It may be difficalt in principle to “neutralize”.
attention. Requiring two responses at least reduces the
effect that attentional biases would have in the single-
response paradigm. There remains the possibility of
controlling the listener’s strategies by instructions to
pay attention to one ear and to report only the stimuli

in that ear. This procedure has been followed by several
researchers, although usually not for the purpose of
assessing ear advantages. It may be considered as a
two-response paradigm in two passes; in this case, a
single ear advantage index would be computed after com-
bining the results of two (properly counter-balanced)
selective-attention conditions. The problem is here
that, because of the relative efficiency of selective at-
tention, performance level will be rather high, making

‘the ear advantage index less reliable. Alternatively,

the two selective-attention conditions may be considered
as single-response paradigms, and two separate single-
responsge indices may be computed whose difference is
then taken as the measure of the ear advantage.. How-
ever, here we encounter the same problem as with the
d index: Simple differences depend on the absolute size
of the numbers involved, so that the resulting index
would reflect individual differences in the relative ef-
-fectiveness of selective attention in addition to the ear
advantage itself. Regardless of the form of data analy-
sis, there is the theoretical possibility that there are
lateral asymmetries in the effectiveness of voluntary
selective attention which are independent of the ear ad-
vantage itgelf and again would confound the measure of
the ear advantage.

It must be concluded that there is no perfect way of
controlling attentional strategies with unfused stimuli,
so that fused stimuli offer a significant methodological
advantage in this respect.

E Blend responses

In the discussion of the single- response pa.radlgm
(Sec.. III), it has been assumed that only two kinds of
responses are given to a fused dichotic pair; theyv'match
one of the two component stimuli and can be assigned to
one or the other ear. Of the fifteen possible combina-
ations of the six standard stop-consonant-vowel syl-
lables, only seven meet this strict criterion, given that
‘they are highly intelligible in isolation. These pairs are

\ /
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the place contrasts /ba/-/da/, /da/-/ga/, /pa/-/ta/,
and /ta/-/ka/, and the voicing contrasts /ba/~/pa/,
/da/~/ta/, and /ga/-/ka/. .These are the stimulus pairs
especially suited for the methodology outlined in Sec. 1I.

However, it may be desirable for some purpose to in-
clude other stimulus combinations as well, and past
experiments have almost always included all possible
combinations of the-stimuli. The two place contrasts,
/va/~/ga/ and /pa/-/ka/, may receive athird response,
/da/ and /ta/, respectively. Cutting (1976) has called
these intermediate percepts “psychoacoustic fusions,”
Their frequenéy may be negligible for many listeners,
but.some subjects give a substantial proportion of these
responses (Repp, 1976b). The remaining stimulus com-
binations are the six double-feature contrasts: /ba/-
/ta/, /ba/~/ka/, /da/~/pa/, /da/-/ka/, /ga/-/pa/,
and /ga/-/ta/. They typically yield two additional re-
sponses per pair, resulting from the combination of the -
feature values of the component stimuli; e.g., /ba/-
/ta/ is heard not only as /ba/ or /ta/ but also as /pa/
and /da/. These “blend” responses are usually quite
frequent and may even exceed the proportions of correct
responses, although there is much variation between’
stimulus pairs and subjects in this respect (Halwes,
.1969; Repp, 1977a). Blend responses and psychoacous-
tic fusions do not convey direct information about ear -
asymmetries, so that the question arises what to do
with them

Hybrld responses also occur with unfused syllables
(Halwes, 1969; Studdert-Kennedy and Shankweiler,
1970). In the two-response paradigm, they are simply
grouped together with other types of errors in the class
of incorrect responses. As a result, double-feature
contrasts typically have higher error rates than single-
feature contrasts, an effect that has been termed the
“feature-sharing advantage” (Studdert-Kennedy and
Shankweiler, 1970; Studdert-Kennedy et al., 1972;
Pisoni, 1975). The availability of the correct mcorrect
distinction makes it easy to dispose of blends in the two-
response paradigm. '

In the single-response paradigm, on the other hand,
we have assumed that all responses are “correct,”
apart perhaps from a few random errors (which may be
divided up randomly between the two response cate-
gories). Blend responses are different from random
errors in that they reflect what the listener actually
heard; in a sense, they are correct responses, How-
ever, they cannot be unambiguously assigned to one or
the other ear., There are two ways of dealing with
them. One possibility, followed by Repp (1977a), is to
analyze the data in terms of the individual phonetic fea-
tures and to calculate two laterality indices, one for

" voicing and one for place. If only one feature is con-
sidered at a time, blend responses become. informative
with respect to lateral asymmetries. The two resulting
indices may be averaged to obtain a single index.

The other possibility, which consists in discarding
blend responses, is more problematlc. Consider the
followmg extreme example, shown in Table IV. Here
omission of blends (/pa/ and /da/ responses) would
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TABLE 1V, Fictitious response distribution for a double-
feature contrast pair.
Stimuli & " Responses
LE RE /ba/ /ta/ ~/pa/ /da/
/ba/ = /ta/ 0 0.33 0,33 0.33
/ta/ = /ba/ 0.5 0 - 0.25 0.25

lead to the conclusion that there is a perfect REA for
this stimulug pair. However, if the data are analyzed
for each feature separately, it is found that there are
only moderate REA’s for voicing and place (e=+0.46

for both). If blend errors are discarded thig informa-
tion is lost and the REA is inflated. It is not cleéar which
should be considered the correct index: the average of

- the separate indices for the two features or the index

based on “correct” responses only.

It may be possible to settle the problem by examining
empirical isolaterality contours (ROC functions) for
single- and double-feature contrast pairs. In the mean-
time, double-feature contrasts and pairs yielding psy-

- choacoustic fusions are best omitted from dichotic

single-response tests, as long as only the ear advantage
is of concern. -This leaves us with only seven of the

original fifteen stimulus pairs—perhaps too few to con-

stitute a useful test. However, synthetic stimuli offer
the possibility of varying the acoustic structure of the

" stimuli while leaving their phonetic content unchanged.

By varying voice onset time or the formant transitions
within phonetic categories, stimulus dominance rela-
tionships can be changed (Repp, 1976b, 1977a, 1977c).

It is possible to take a single stimulus pair (e.g., /ba/-
/pa/), to select several tokens with different acoustic
characteristics (e.g., several different voice onset
times within each category), to combine them dichotical-

"1y, and thus to arrive at a test that contains a sufficient

number of stimulus pairs varying in stimulus dominance
relationships, is maximally homogeneous, and leads to
a clean estimate of ear dominance (Repp, 1977c). 1 This
illustrates one of the great methodological advantages of
the single-response paradigm over the two-response
paradigm; in the former, two response alternatives a;ée
perfectly sufficient, while the latter always requires a
larger number of response alternatlves in order to re-

_ duce the effect of guessing.

F. Test reliability

In the Introduction, it has been stressed that dichotic
tests must satisfy general test-theoretical standards.
One of these is reliability. As in any other psychological
test, the observed score (ear advantage) of a subject
represents the “true” score plus random measurement
error. The magnitude of the measurement error de-
pends on the length of the test. It is not surprising that,
in repeated administrations of a short dichotic test, the
observed ear advantages for a given subject vary con-
siderably and may even show reversals in direction
(Speaks, Niccum, and Carney, 1976). Most dichotic
studies in the past have used short tests whose reliability
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was likely to be low. The fact that'a certain percentage
of right-handed subjects show either no REA or a LEA
(although physiological data suggest that virtually all are
left-hemisphere dominant for speech) is at least in part
.due to measurement error (cf. Blumstein, Goodglass,
and Tartter, 1975).

Ryan and McNeil (1974) reported a test-retest reli-

" ability coefficient of +0..80 for a 60~item tést; Blumstein
et al. (1975) found a somewhat lower coefficient of +0.74
for an 80-item test; Catlin, VanDerveer, and Teicher
(1976) found an even lower reliability of +0.64 for a
120-item test.'® The first two studies used natural-
speech CV gyllables and the third (probably fused) syn-
thetic syllables in the two- -response format. These re-
liabilities are quite satisfactory in view of the relative
shortness of the tests and the weaknesses of the two-
response paradigm (guessing, attentional fluctudtions,
etc.). - Researchers in the field have tended to expect too
much from a short dichotic test and have been reluctant ,
to accept the conclusion that much longer tests will be
necessary to obtain precise measurements. If we ac-
‘cept the Blumstein ef al. results as typical and apply
the standard Spearman-Brown formula (Lord and Novick,
1968, p. 112), we find that the test has to be three tlmes
as long (about 240 pairs) to achieve a reliability of
+0,90, and six times as long (about 480 pairs) to reach
r=+0.95. From the Ryan and McNeil data, we obtain
more moderate éstimates of 140 and 280 pairs, respec-

- tively.  Considering the fact that the standard set of six

CV syllables yields a basic test unit of 30 dichotic pairs, .

it might be recommended that ten repetitions of this test
unit (i.e., 300 pairs) be administered in order to obtain
stable ear advantage indices. Such a test requires about
20 min of listening time and therefore should be feasible
under most circumstances, both in and outside the 1ab-
oratory.

Underlying the development of the single-response -
methodology is the hope that this procedure will prove
to be more reliable than the traditional two-response
paradigm. Encouraging results have been obtained.
recently by Bruce Wexler (personal communication,
1976). Using a 60-item test of relatively unfused syl—‘
lables in a single-response paradigm, Wexler obtained
reliabilities well above +0., 90 for both normal and psy-
chotic subjects. Repp (1977c) obtained reliabilities bet-
ter than + 0. 95 with partially fused syllables (voicing
contrasts); however, these tests included over 300 stim-
ulus pairs. These results were obtained with very small
subject samples, and further research will be required
to properly assess the reliability of these methods. Al-
- ternative methods, such as the AXB paradigm mentioned
earlier, may also lead to increased reliability.

G. Test homogeneity and validity

The problem of test reliability is a practical one that
always can be solved by using a test of sufficient-length,
as long as there are true individual differences. More
important is the theoretical question of what is actually
being measured—the validity of the test. Ultimately,
its validity as an instrument for assessing hemispheric
dominance needs to be assessed by physiological criteria
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of functional lateralization, At present, however, these
physiological measurements are still erude and hazard-
ous; moreover, they are a less crucial criterion than
they may seem at first thought. First of all, the only
reliable physiological indicator in normal subjects, the
Wada test, yields only categorical outcomes (left, right,
or no dominance), not a graded scale of lateralization.
Moreover, it really supplies a useful criterion only for
the small group of left-handers, since it is now well
established that virtually all right handers are left-
hemisphere dominant for speech. Secondly, the original
idea that the dichotic ear advantage directly reflects
hemispheric dominance for speech is probably an over-
simplification. 1t is likely that there are multiple fac-
tors underlying the dichotic ear advantage, only one of
which is the {(quite possibly all-or-none) dominance of
one hemisphere for speech. The primary task of the
theoretical study of the ear advantage must therefore be
to determine what is actually being measured. This is

a difficult problem, but some preliminary steps are pos-
sible by asking the following familiar test-theoretical
questions: Do‘all items in a test measure the same un-
derlying variable(s)? Do different tests composed of
different types of items from the same general class
(viz., those that tend to yield an-average REA) measure
the'same underlying variable(s)? Do different paradigms
measure the same underlying variable(s) ?

These important (and closely related) questions about
within-test (or item) homogeneity and between-test ho-
mogeneity (or validity) have been given little thought in
the past. Their answers are by no means obvious. Con-
sider the question of item homogeneity. Repp (1976D),
for example, found that two fused stimulus pairs of a
three-item test yielded REA’s but the third pair did not,
The cayse for this is not known, and more evidence is
needed. The statistical techniques that may be applied
are intercorrelation of laterality indices for individual
items in a test and subsequent factor analysis, or per-
haps some adaptation of the more recent methods of
stochastic test theory (Rasch, 1960; Lord and Novick,
1968). These analyses should determine whether all
items in a test measure the same factor, or whether dif-
ferent items measure different factors. The empirical
derivation of an isolaterality function in the single-re-
sponse paradigm (Sec. III B) also constitutes a (less
rigorous) test of item homogeneity. (However, éven if’
it turned out that only a single factor is being measured,
this would show only that the test is homogeneous and
all items measure the same thing; the single factor may
nevertheless represent a complex of underlying variables.)

A related problem is whether the ear advantages for
different phonetic features reflect the same underlying
factors. In a recent study of partially fused dichotic
double-feature contrasts, Repp (1977a) calculated e
coefficients separately for voicing and place; they cor-

. related only +0.64, “although each index was based on

the same 768 trials. Repp hypothesized that individual
differences in perceptual organization may be reflected
in the dichotic ear advantage (see also Sec'. IVA). Tests"
of this hypothesis are needed.

Finally, the homogeneity question needs to be asked
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about whole tests: Do tests composed of different types
of speech stimuli (e.g., CV’s; VC’s, VCV’s, or words;
stops, fricatives, or nasals; etc.) measure the same
factor ? Do tests composed of natural-speech syllables
measure the same factor ag synthetic tests ? Do fused
and unfused syllables (or, the single-response and the
two-response paradigm) assess the same factor? Again,
intercorrelations between different tests (perhaps sup-
plemented by factor analysis and modern test theory)
should provide an answer. So far, there are no data
available. A positive result would reassure us that we.
are actually measuring a well-defined characteristic
whose complexities will have to be unraveled primarily
by physioldgis.ts. Negative results, on the other hands,

_ disastrous as they would be for the diagnostic applica-
tion of dichotic tests, wouldbe of great theoretical interest.
Perhaps there is more than one, “ear advantage,” i.e.,
different tests may tap different dimensions of a very

complex phenomenon (cf. Porter and Berlin, 1975).

H. Absolute magnitude of the ear advantage

The questions of reliability, homogeneity, and v‘alidity,
which are correélational in nature, must be kept separate
from the igsue of the absolute magnitude of the ear ad-
vantage. For example, ear advantages may increase
with practice (although the evidence appears to be nega-
tive—see Porter, Troendle, and Berlin, 1976), but as
long as they do so for all individuals, the reliability of
the test will not be affected. Different items in a test
may yield different magnitudes of ear advantages, but
they nevertheless may measure the same underlying
variable (plus some other factor responsible for the
variations in magnitude). Similarly, different classes
of stimuli may yield different average magnitudes of
. REA and nevertheless measure the same thing. As long
as all individuals tested are in basically the same rank
order on éach test (or on each item), the homogeneity
‘criterion is satisfied, and it is immaterial which tests
or items are selected for testing persons, as long as
all persons to be compared are tested with the same
tests or items. The variations in the absolute magnitude
of the ear advantage represent variations in item or
- test “difficulty,” in terms of test theory. It is a sepa-

. rate but nevertheless important question what causes
these variations in difficulty, if they exist. On the other
hand, if two items or tests yield the same average REA,
this implies absolutely nothihg about their intercorrela-
tion, -’ : ‘

'

" One striking difference in the magnitude of ear advan-
"tages has been discovered in recent research using the
single-response paradigm (Repp, 1976b, 1976c, 1977a,
1977c,' and work in progress): Partially fused syllables
(voicing and double-feature contrasts) yield much larger

ear advantages than perfectly fused syllables (place
contrasts), This result is methodologically interesting,

because larger ear advantages are also likely l;o be more
reliable. Perfect fusion seems to prevent large ear
dominance effects. Research is in progressto determine
whether perfectly fused, partially fused, and unfused
" syllables actually measure the same underlying factor.
The ear advantages obtained with dichotic voicing con-
trasts (Repp, 1977a, 1977b) are larger than any effects
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reported previously for normal subjects.. As far as one
can tell from the sman subject samples tested so far,

it also seems that a larger proportion of subjects shows -
REA’s than in previous tests, which would be in closer
agreement with physiological findings. The tests seem
very reliable and are easy to administer- and to score.
Thus, the methodology described in this paper and else-
where holds considerable promise and may constitute a

genuine improvement over existing dichotic testing meth-
ods. '
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1Consider, for example, two subjects, A and B, with Py=0.6
and 0,8, respectively. Assume that d=0.5 for A and d=0.4
for B, Who shows the larger ear advantage? From a com-
parison of d indices, the answer would be A. However, B
never could have reached that index because of her higher
performance level which permits a maximal d of only 0.4.
There is no reason why B’s better performance on the test
should imply that she is less lateralized than A. In fact, once
performance level is taken into account, it becomes clear that
B shows the maximal d for her level of performance, while
A’g index is considerably below the maximal d possible at
Py=0.6 {dysy=0.8). It therefore should be concluded that, -
contrary to the first superficial impression, B shows a
stronger REA than A, : .

2An index very similar to POC' but based only on single-
correct responses was proposed by Studdert-Kennedy and
Shankweiler (1970). This index, which is a possible alterna-
tive to the “e index” described below, will not be considered
here; it is briefly discussed in Repp (1977b). - ‘

3Jerre Levy (personal communication 1977) has demonstrated,
by a statistical proof analogous to that for the ¢ coeificient
(Levy, in press), that even e is intrinsically correlated with
Py. This is an important result; however, its practical sig-
nificance is not quite clear at present, The actual correlation
may be of negligible magnitude, and it seems that the argu-
ments set forth in Sec. IE are valid regardiess of any intrin-
gic correlation between ¢ and Py. ’

4Rjchardson (1976) has criticized the arguments of Marshall
et al. and has argued for a theory~independent ordinal mea-
sure of laterality. However, his proposal seems both too
pessimistic and too restrictive to be of much practical use.
1t should be kept in mind that the numerical scales of the ear
advantage proposed here and by Marshall et al. are not ag-
sumed to have more than ordinal properties. -

SNevertheloss, the spectral separation of the two competing
signals (particularly in terms of fundamental frequency) may
affect performance. Perceptual separability may be viewed
as a continuum ranging from perfect fusion to perfect separa-
tion. (See also the discussion of selective attention in Sec.
IV D.) .

#The actual syllables in this experiment were /bae/, /dae/,
/gae/, but the nature of the vowel is immaterial. - Perfectly
fused syllables have been used in a number of other studies
gince (Repp, 1976¢, and unpublished work).

In order to avoid new acronyms, the abbreviations REA and
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LEA will be maintained for the corresponding trends in ear
dominance.

Y4 may be argued that stimulus dominance reflects l’nerely‘ )
response bias, i.e., a stimulus-independent tendency of
listeners to give one response more often than the other.
However, stimulus dominance relationships can be changed
by modifying the acoustic structure of the stimuli within
phonetic categories (Repp, 1976b, 1977a, 1977c), so that
they are at'least in part stimulus dependent. Repp (1976b,
1977a) hypothesized that stimulus dominance is completely
determined by the relationship of the stimuli to the listener’s
perceptual category prototypes. Essentially, this is a theory

of response bias. Stimilus dominance may be considered as -

the result of the interaction between the listener’s perceptual
organization and the structure of the stimuli.

9At the intensity levels used in dichotic testing, monaural
scores for the two ears are usually similar, even in clinical
cases. However, it is certainly useful to obtain audiograms
for each ear of a listener prior to testing, in order to detect
unilateral hearing loss, -Little seems to be known about the
effects of moderate hearing loss on dichotic ear asymmetries.

Y1 a test where each partially fused dichotic pair contrasts
only in a single cue, such as voice onset time in dichotic
voicing contrasts, the contents of one channel may be in-
ferred from the localization of the unfused stimulus portion -
(e.g., if a noise burst is heard on the right side, the voice-
less member of the pair must have been in the right ear).
However, this is an indirect strategy that can be prevented
by appropriate instructions (cf. Repp, 1977a, 1977c). Even
with selective-attention instructions, many subjects fail to
discover this strategy and perform at chance level (Miller,
1977).

Uy principle, e’ can be calculated without varying stimulus
dominance. However, varying the stimuli and, with them,
stimulus dominance is important in order to avoid extreme
dominance asymmetries due to individual idiosyncrasies, to
derive an isolaterality function, and simply to provide variety
in the test.

L2Catlin et al. also determined the reliability of individual
differences in a monaural reaction time task that showed a
significant overall REA. The reliability was basically zero,
and there was no correlation between individual differences

" in the reaction time task and in the standard dichotic test.
This rules out reaction time as a measure of ear dominance,
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