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ABSTRACT

Information stored in short-term memory decays ex-
tremely fast compared to the content of long-term
memory. The nature of this memory loss being little
known (random or systematic), this paper examines
the presentation order effect in the light of the neu-
tralization hypothesis, according to which the first
vowel in a pair decays, while retained in short-term
memory, toward [@]. Twelve French listeners partic-
ipated in three AX roving discrimination sessions.
For each of the 10 vowel categories of French, a
prototype and four satellite tokens were synthesized.
Tokens were paired with themselves as well as with
the prototype (in both orders of presentation). Re-
sults revealed minor or major order effects within
every phonetic category. However, the neutraliza-
tion hypothesis could not account for at least half
of these asymmetries. An alternative model, which
adopts the periphery of the vowel space as a refer-
ence area, appears to fit best with our data.

Keywords: order effect, vowel perception, neutral-
ization, short-term memory, peripherality.

1. INTRODUCTION

The ‘presentation order effect’ (POE) - also known
as ‘phenomenon of asymmetry’ - can be summa-
rized in Polka and Bohn’s (6) definition: “Asymme-
tries in vowel perception occur such that discrimina-
tion of a vowel change presented in one direction is
easier compared to the same change presented in the
reverse direction”.

The order effect has been attributed to various fac-
tors such as peripherality (see Polka (6) for F1/F2;
Best (1) for F1/F2/F3), focalization (9) and typical-
ity (5). Using Rosch’s (8) terminology, we will con-
sider the aforementioned factors as cognitive refer-
ence points.

Cowan and Morse (3), while interpreting their re-
sults, suggested that in a pair of vowels V1V2, it is
possible that the auditory trace left in memory by V1
(the first vowel presented in the pair) might grad-
ually degrade toward a neutral (central) position in
the vowel space which acts as a perceptual anchor.
The neutral vowel would thus behave as a perceptual

Figure 1: Direction of decay predicted by the
neutralization hypothesis for stimuli 1 and 2 in the
order1-2 (a) and in the order2-1 (b). In (a), 1
moves toward [@] and, at the same time, toward
stimulus 2; in (b), stimulus 2 moves toward [@]
but this time, further away from 1.

magnet toward which a vowel is drawn whilst stored
in short-term memory, waiting to be used or to be
discarded in order to make room for the next chunk
of information to be stacked away.

Figure 1 depicts the direction of decay of stimuli
1 and 2 presented in both orders (1-2 and 2-1). Ac-
cording to the neutralization hypothesis, when the
tokens are presented in the order 1-2, stimulus 1 will
degrade toward [@] and, at the same time, toward 2,
which is located on the axis of decay. Therefore,
the initial acoustic difference will become smaller.
In the order 2-1, on the other hand, stimulus 2 will
move toward [@] but this time further away from 1,
rendering the initial difference greater. Therefore,
discrimination scores in the order 2-1 will be greater
than those for the order 1-2. More generally,dis-
crimination would be easier when in a pair, the
first stimulus presented is closer to the adopted
reference point. Repp and Crowder (7), after con-
structing an innovative set of stimuli to examine this
hypothesis (which they called the ‘neutralization hy-
pothesis’, henceforward NH), came to the conclu-
sion that vowels tend rather to be drawn toward the
center of a given stimulus set.

This paper examines the NH for French vowels. A
set of 50 stimuli spanning the ten vowel categories in
French allowed us to observe the direction in which
vowels are easier to discriminate.



Table 1: Formant values of the ten vowel proto-
types in Bark.

Vowel F1 F2 F3 F4
i 3.11 13.22 15.63 16.49
e 3.70 12.90 14.90 16.40
E 5.20 12.00 14.60 16.30
a 6.40 9.90 14.50 16.20
O 5.20 8.50 14.20 16.20
o 3.90 7.20 13.90 16.20
u 3.20 7.00 13.10 15.90
y 3.00 12.10 13.40 16.00
ø 3.80 10.70 13.80 16.10
@ 4.90 11.10 14.50 16.70

2. EXPERIMENT

2.1. Participants

In total, 18 French-speaking listeners (range: 21-47
years; mean: 28 years) participated in this experi-
ment. Not all participants underwent all three tasks,
thus 12 listeners were finally obtained for each of
the three session. All reported being native speakers
and having no known speech or hearing disorders.

2.2. Stimuli

Nine monophthongal vowels, [i, e,E, u, o, O, a, y,
ø], corresponding to the average values1 of French
vowels uttered by adult male speakers, were synthe-
sized. The neutral vowel [@] was then added to the
original set of 9 vowels. Its properties were assumed
to be identical to those of a uniform tube:F1 = 500,
F2 = 1500, F3 = 2500, F4 = 3500 Hz. Raw val-
ues for all ten vowels were converted into Bark scale
(11) in order to account for discrepancies in sensitiv-
ity of frequency perception (Table 1).

Each of the ten original prototypes2 (P) was sur-
rounded by four neighboring stimuli (N1–N4) in the
form of a cross. N1–N4 were positioned on the end-
points of each cross, one axis of which pointed to-
ward [@]. Each arm was equivalent to a Euclidean
distance (on the F1-F2 plane) of 0.4 Bark between
the prototype and each neighbor. N1 was located on
the axis pointing toward [@] and was positioned the
furthest away from it (contrary to N3 which was po-
sitionned the closest to [@]). The rest of the tokens
were numbered in a clockwise fashion. N1–N4 for
the /@/ category were arbitrarily numbered and the
two axes were parallel to the F1-F2 coordinates. An
F1-F2 plot of the fifty stimuli is found in Figure 2.

F3 and F4 were fixed independently within each
category (the F3 and F4 values of each prototype
were used for its four corresponding satellites). Du-
ration of tokens was fixed at 250 ms and F0 contour

Figure 2: F1-F2 plot of the fifty synthesized stim-
uli. In the center of each cross lies the prototype.
Neighbors (N) 1 and 3 lie on the axis pointing to-
ward [@].

78910111213

3

4

5

6

F2 (Bark)

F
1

(B
ark

)

1

3

2

4 1

3

2

4

1 3

2

4

1

3

2

4

1
3

2

4

1
3

2

4

1
3

2

41

3

2
4

1

3 2

4

1

3

2 4

/i/

/e/

/E/

/a/

/O/

/o/

/u//y/

/ø/

/@/

was falling (100–80 Hz). A cascade formant synthe-
sizer (4) was used for the preparation of the stimuli,
which were matched in RMS energy at−10 dB us-
ing Sound Forge 6.0.

2.3. Procedure

For each phonetic category, tokens (P, N1–N4) were
paired with themselves (P/P, N1/N1, . . . ) and the
four neighbors were also paired with the prototype
in both orders (P/N1, N1/P, . . . ). The Inter-Stimulus
Interval (ISI) was fixed at 500 ms. Six experimen-
tal blocks, each containing all pairs in random order
(identical for all listeners), were prepared. The first
block was considered a training session.

Listeners were requested to judge whether the
paired stimuli were absolutely identical or even
slightly different by typing ‘d’ for ‘différents’ (eng.
different) or ‘m’ for ‘mêmes’ (eng. same) on the
keyboard. The first stimulus of the following pair
was presented with a 1000-millisecond delay. No
feedback was given after each answer.

2.4. Results

According to NH, four main predictions (Pr) could
be made (Figure 3):

• Pr1: positive order effect for N1 (P/N1>N1/P):
discrimination scores for pairs in the order
‘P/N1’ would be greater than scores in the or-
der ‘N1/P’;

• Pr2: negative order effect for N3 (P/N3<N3/P);
• Pr3: no particular order effect for N2 and N4;
• Pr4: no particular order effect for the [@] cate-

gory.
Two separate three-way (factors: Order, Neigh-

bor, Vowel) ANOVAs were conducted, one on pairs
involving N1 and N3 and another for N2 and N4



Figure 3: Order effects predicted by the neutral-
ization hypothesis. Discrimination is easier when
the stimulus presented first is located closer to [@].
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pairs. Scores for the [@] category were excluded, be-
cause no order effects were expected.

In the case of the N1 and N3 pairs, a signifi-
cant effect of Order [F (1, 396) = 17.568; p <

.001] and Vowel [F (8, 396) = 14.571; p < .001]
was found, as well as a Neighbor*Order interac-
tion [F (1, 396) = 23.295; p < .001]. For N2
and N4 pairs, results revealed a significant effect
of Order [F (1, 396) = 19.525; p < .001] and
Vowel [F (8, 396) = 8.311; p < .001] as well as
Vowel*Neighbor [F (8, 396) = 11.379; p < .001]
and triple Vowel*Neighbor*Order [F (8, 396) =
2.944; p < .005] interactions. The effect of Or-
der for N2 and N4 was evidently incompatible with
NH. At the same time, the ANOVA on N1 and N3
could not inform us whether the direction of order
effects was the one predicted by NH (cf. Figure 3).
Therefore, a follow-up analysis (separate ANOVAs
for each Neighbor) was conducted.

This time, a significant effect of Order was
found for N1 [F (1, 198) = 44.325, p < .001],
N2 [F (1, 198) = 9.936, p < .005] and N4
[F (1, 198) = 9.627, p < .005] but not for N3
[F (1, 198) = .186, p = .667]. The effect for N1
confirms Pr1. However, the order effect for N2 and
N4, on one hand, and the absence of effect for N3,
on the other, are incompatible with Pr3 and Pr2 re-
spectively. The effect of Vowel was significant in
all cases [F (8, 198) = 10.888; F (8, 198) = 7.071;
F (8, 198) = 5.783; F (8, 198) = 13.259 for N1,
N2, N3 and N4 respectively;p < .001 for all four
neighbors].

2.5. Discussion

A better understanding of the asymmetries found
in our data can be obtained with a graphical repre-
sentation. In Figure 4, the arrows depict the order
in which listeners discriminated considerably better.

We have chosen as a threshold of significant dif-
ference between two orders that proposed by Repp
and Crowder, that is, 10%. We have later read-
justed this threshold to 11%, given that some scores
were critical (10.8%). Therefore, for a given pair
(i.e. P/N1), an arrow pointing toward N1 suggests
that discrimination was better in the order ‘P/N1’:
(P/N1)-(N1/P)> 11%]. As it was explained in the
Introduction section, this is due to the fact that in this
order, P is attracted toward [@] and thus distances it-
self even more from N1.

NH predicts 18 order effects (Figure 3), two (N1
and N3) for each of the nine vowel categories of
which only 11 are found in Figure 4. In addition,
NH cannot account for the 14 additional asymme-
tries involving N2, N3 or N4. It is also worth noting
that within the /@/ category, order effects were found
for 3 of four neighbors (Pr4). Practically all arrows
exhibit a rather considerable consistency: almost all
of them point toward the periphery (the edges) of the
vowel space. This seems to agree with a series of
papers on the role of peripherality in the asymmetry
effect (see (6) for a review).

It appears thus that discrimination is easier when
a peripheral vowel is presented second. In this case,
one is to assume that the reference point is not a sin-
gle point on the space but rather involves the whole
perimeter (periphery) of the vowel space. However,
if the asymmetry effect was due to the vowel decay-
ing towards a reference point (the periphery), dis-
crimination would be easier when the vowel closer
to the reference point was presented first (see Fig-
ures 1 and 3). Arrows in Figure 4 exhibit an in-
versed polarity. This led us to the hypothesis that
the presentation order effect is rather triggered by a
constrast effect due to recency effects. Our postu-
late would thus be: “the more peripheral the second
vowel, the stronger the constrast it generates with
the first vowel”.

Our data and our hypothesis on the role of periph-
erality are supported by Repp and Crowder’s results,
where the role of peripherality appears to account
for more than 85% of the order effects. Moreover,
the direction of the arrows found in Figure 4 is very
close to that presented in Polka and Bohn’s (6) Fig-
ure 1a, which offers an overview of the literature on
infant data.

3. CONCLUSION

In this paper, we have examined the presentation or-
der effect in the light of the neutralization hypothe-
sis. Using a set of stimuli spanning the ten phonetic
categories of French vowels and three AX roving
discrimination tests, we have studied the extent to



Figure 4: Order effects for the 12 subjects. Ar-
rows point to the direction in which vowel change
was perceived more efficiently.
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which the neutralization hypothesis can account for
presentation order effects obtained throughout the
entire vowel space. Results indicated that the afore-
mentioned hypothesis does not fit well with our data.
A graphical representation of the order effects re-
vealed that peripherality appears to be a much more
plausible predictor. A hypothesis was then stated
that asymmetries are not due to vowel decay but that
are rather triggered by the stimulus presented second
in a pair. More precisely, in a pair of front vowels,
the order effect would be triggered by the vowel that
is more front (higher F2) via a retroactive contrast
effect. The same tendency would be valid for high,
low and back vowels.

Whether peripherality is a factor setting off asym-
metries, a very important, two-fold question remains
to be answered: which cognitive process is behind
this phenomenon and whether the trigger is the first
or the second vowel. NH suggests that the decisive
factor is the direction of decay of V1 whilst the hy-
pothesis of peripherality presupposes a retroactive
contrast effect. Any attempt to answer these ques-
tions could have important theoretical implications
in the field of speech perception, giving us an in-
sight to how information is analyzed and stored in
short-term memory.

Further experiments to address this question are
currently being conducted. Only pairs containing
the prototype and N1 of each category were in-
cluded. In the first two tasks, the Inter-Stimulus
Interval was equal to either 200 or 1000 millisec-
ond. At a second stage, the three tasks described in
this paper were undertaken by listeners with differ-
ent linguistic background. Given that the periphery
of the vowel space is, due to articulatory and acous-
tic contraints, similar to all listeners, order effects
from both language groups (French and non-French)

are expected. For lack of space, the effect of experi-
mental block and reaction times collected during our
experiments will be exposed in a future paper.
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