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In a previous paper, Lottoet al. @J. Acoust. Soc. Am.103, 3648–3655~1998!# claimed that
experiments investigating a perceptual magnet effect~PME! failed to demonstrate a novel effect of
goodness judgments on speech sound discrimination due to a confound in the procedure. New
analyses of these data and a review of the recent literature fail once again to support the existence
of PME. © 2000 Acoustical Society of America.@S0001-4966~00!01105-X#
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The perceptual magnet effect~PME! has been offered a
a novel perceptual effect in work on the discrimination
speech sounds~e.g., Kuhl, 1991; Iverson and Kuhl, 1995!.
The data from several experiments have been interprete
an indication that category ‘‘goodness’’ influences discrim
nation above and beyond the effects of spectral distance
phonemic identification. For example, Iverson and Ku
~1995! demonstrated that vowel tokens that were labeled
‘‘good’’ members of the /i/ category@thePrototype ~P! con-
dition# were harder to discriminate from neighboring exe
plars than were members that were considered poor
amples of /i/ @the Nonprototype ~NP! condition#.
Importantly, these discriminations were all considered to
intracategory comparisons. Lottoet al. ~1998! suggested tha
this experiment contained a confound that made the inter
tation in terms of PME problematic. The problem is th
identification functions were collected for stimuli present
in isolation and discrimination occurred for stimuli present
in pairs. Lottoet al. ~1998! demonstrated that the perceive
phonemic identities of these stimuli were greatly affected
context in the pair condition and, therefore, that the iden
cation functions obtained in isolation were not good indic
tors of identity in the discrimination task.

Of greatest theoretical significance was the fact tha
shift in vowel identity was more likely to occur for the poo
vowel exemplars~i.e., theNP condition! than for the good
exemplars~i.e., theP condition!. Thus, discriminations in the
NP case were more likely to beintracategorical and theP
discriminations were more likely to beintracategorical. If
this is the case, then the PME is not a novel demonstratio
has long been observed that discriminations between so
from different phonemic categories are easier than discr
nation of sounds from within one speech category~e.g.,
Libermanet al., 1957; Pisoni, 1971; Wood, 1976!.

To see if there was any evidence for an effect of c
egory goodness on discrimination above and beyond the
tablished effects of spectral distance and phonemic iden
Lotto et al. examined thegeneralization scores~misses!.

a!Electronic mail: alotto@luc.edu
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This measure had been used by Kuhl in previous demons
tions of PME ~Grieser and Kuhl, 1989; Kuhl, 1991; Kuh
et al., 1992!. The obtained difference in generalizatio
scores for theP and NP conditions was compared to th
predicted difference in generalization scores based solely
phonemic identification. In making this comparison, it w
presumed that effects of spectral difference were equiva
~these were experimentally equated in the two conditions
using the mel scale! and that any joint probabilities wer
equivalent between conditions. Because there is no wa
this experimental setup to estimate the joint probabilit
~e.g., the probability of discriminating on the basis of ph
nemic identificationand perceptual space@goodness# differ-
ences!, this was considered the most conservative route.
results demonstrated that the obtained scores did not d
from the predicted scores in a way that would serve as
dence for PME. There was no evidence that the differen
between theP andNP conditions were due to category goo
ness. The conclusion reached was that there was a lac
positive evidence for PME.

Guenther~2000! points out that if the joint probabilities
differ in the P and NP conditions, then the outcomes o
generalization difference scores could tell a different sto
He presents a clear and powerful example in which a war
perceptual space could lead to generalization differe
scores that incorrectly appear to demonstrate no magne
fect. It should be noted that Lottoet al. ~1998! were not
attempting to disprove the existence of PME with the diffe
ence equations, but that they were looking for positive e
dence for PME using Kuhl’s generalization score. Howev
Guenther’s~2000! point is significant for the extensive PME
literature. Basically, Guenther’s analysis leads one to c
clude that the use of generalization scores in all of the P
work is of dubious merit.

The following example elucidates the problem. Presu
that the data demonstrate that the probability of discrimi
tion based on phonemic identity is equal in both theP and
NP condition of a PME experiment, let’s say, 0.50 in eith
case. Now, presume that the probability of discriminati
based on perceptual space distance~warped in relation to
goodness! is 0.60 for theP condition and 0.40 for theNP
35787(6)/3578/3/$17.00 © 2000 Acoustical Society of America
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condition. That is, the better members of a category are m
easily discriminated from neighbors than are poorer me
bers. This is the opposite of PME: it is an anchoring effe
What will the generalization scores show? This depends
the joint probability of discriminating based on phonem
identification and perceptual space distance. Let’s say th
for the P condition the joint probability is 0.40 and that fo
theNP condition it is 0.10. Plug these values into Guenthe
equation~???!:

@12~0.5010.60!20.40#2@12~0.5010.40!20.10#50.10.

The difference in generalization scores for this examp
looks like PME: generalization scores are higher for theP
condition than for theNP condition. However, the value
presented here are for an underlying perceptual space th
warped in the opposite direction. It appears that if one allo
the joint probabilities to differ, then generalization scores c
be quite deceiving.

Guenther~2000! suggests that this analysis of joint pro
abilities invalidates the conclusions of Lottoet al. ~1998!
that there is no evidence for PME. However, Guenthe
analysis, in fact, supports this conclusion by pointing out t
previous empirical work using generalization scores do
provide compelling evidence for PME. Note that this is tr
for any experiment that allows cross-category pairs in d
crimination. If phonemic identity is equivalent for all stimul
then the joint probabilities are zero. Lottoet al. ~1998! dem-
onstrated that the discrimination pairs in Iverson and K
~1995! often contained cross-category comparisons. Furth
more, the strong context effect on perceived identity t
Lotto et al. demonstrated for stimuli in pairs indicates th
many of the demonstrations of PME probably have c
tained cross-category discriminations. Thus, the analysi
Guenther~2000! does not invalidate the conclusions of Lot
et al. ~1998!, but rather the two works taken together provi
a challenge to the entire PME enterprise at least in relatio
the use of generalization scores.

I. NEW DATA ANALYSIS

If the generalization score is a dubious measure for t
ing PME, is there another analysis that will provide inform
tion about the effect of goodness ratings on discriminat
above and beyond the effects of spectral distance and
nemic identity? One possibility is to model discriminatio
using multiple regression to see if goodness ratings acc
for a significant amount of the variance.

To further test for PME, the discrimination data fro
experiment 2 of Lottoet al. ~1998! were modeled using step
wise regression with variables representing spectral dista
discrimination predicted from perceived phonemic identi
goodness rating of the standard~P or NP!, and average good
ness rating of both members of each discrimination pair
stepwise regression, factors are entered into the mode
pending on the amount of variance~R-squared! accounted
for in the dependent variable. A significance test determi
which factors get entered into the model with the fact
accounting for the most variance being added first. For
analysis, the factors were the following.
3579 J. Acoust. Soc. Am., Vol. 107, No. 6, June 2000
re
-

t.
n

t

s

s

t is
s
n

s
t
t

-

l
r-
t

-
of

to

t-
-
n
o-

nt

e,
,

n
e-

s
s
is

~1! Spectral distance: Euclidean distance between the s
dard and the comparison stimuli in the mel-scaled fi
formant3second formant space~30, 60 or 90 mel!.

~2! Probability that both stimuli in pair will have the sam
perceived phonemic identity~PI!: This is the predicted
probability of a miss dependent solely on the identific
tion functions for stimuli presented in pairs from Lott
et al. ~1998! experiment 1.

~3! Goodness rating for standard: Mean goodness rating
P or NP for the particular pair being discriminated
determined from experiment 1 of Lottoet al.

~4! Average goodness rating for pair: The average goodn
rating for the two stimuli in the pair as obtained in e
periment 1 of Lottoet al.

Evidence for PME would correspond to either of these l
two factors accounting for a significant amount of the va
ance in discrimination scores beyond the variance accou
for by the first two factors.

Two models were calculated: one for the depend
variable of hits~i.e., ‘‘different’’ responses to stimuli that are
in fact different! and one for the bias-free measure of sen
tivity, d8 ~Green and Swets, 1966!. For the model of hits,
spectral distance was entered, first having accounted for
most variance @R-square50.79, F(1,10)536.67, p
,0.0001]. The factor PI was then entered, resulting in
model that accounted for a healthy 91% of the variance
hits @F(2,9)546.41,p,0.0001]. Both of the goodness fac
tors failed to contribute significantly to the model (p’s
.0.67; criterion of selection50.05).

The model ofd8 data followed the same pattern. Spe
tral distance was entered into the model first@R-square
50.86, F(1,0)559.97, p,0.0001] followed by PI @full
model, R-square50.94, F(2,9)572.24, p,0.0001]. The
two goodness-rating factors failed to account for any sign
cant added variance (p’s.0.19).

These results offer a compelling lack of evidence
PME. In fact, they demonstrate that spectral distance
phonemic identity do a remarkably good job of predicti
discrimination for these vowel stimuli~94% of the variance
accounted for ind8 scores!!.

II. CONCLUSIONS

Taken together, these new regression models, the
pirical work of Lottoet al. ~1998!, and the analysis by Guen
ther ~2000! offer a sobering picture of PME. As Lottoet al.
point out, PME has been one of the more fertile areas
recent speech perception research, spawning numerous
pirical, theoretical, and modeling papers. However, the e
dence underlying this enterprise is tenuous at best.

Guenther~2000! ends with the statement, ‘‘It appear
clear from Kuhl ~1991! and follow-up studies including
Lotto et al. ~1998! that our perceptual spaces for vowels
warped.’’ But the data as they stand donot allow for such a
conclusion. The regression models indicate that one can
count for discrimination by looking at spectral distance a
binary phonemic identity decisions without any addition
intra category information. In addition, there is a growin
literature of empirical work that fails to demonstrate perce
3579Andrew J. Lotto: Letters to the Editor
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tual warping for vowel categories when proper controls
taken. For example, Lively and Pisoni~1995! found no dif-
ference in P and NP discrimination when individual pro
types were determined for each subject. Rendaet al. ~1995!
failed to find PME for the vowel /"/ Kewley-Port and Neel
~1998! and Sharma and Dorman~1998! have also demon
strated failures of PME hypotheses. Thus, there does no
pear to be sufficient evidence in the literature to back
Guenther’s~2000! conclusion1 and there appears to be littl
support for the concept of PME.

1Thereare models of perceptual space warping associated with catego
perception~e.g., Livingstonet al., 1998!. This may be a fruitful avenue for
the study of categorization effects on perceptual space.
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