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Abstract
Previous studies have demonstrated that listeners show high
sensitivity in discriminating non-native segmental length con-
trasts thanks to auditory memory [1, 2]. We tested the limits of
discriminating Japanese consonantal length contrasts with three
groups of listeners (German learners of Japanese, German non-
learners and Japanese natives) under increasing task demands.
We increased memory load through a longer inter-stimulus in-
terval (= ISI) (2500ms vs. 300ms) and added psycho-phonetic
complexity (trials with task-irrelevant pitch falls that occurred
simultaneously with the consonant vs. with monotonous pitch).

Results showed very good discrimination in all groups
when the task demands were the lowest. With increasing
task demands, only the non-natives’ discrimination abilities de-
creased: non-learners were strongly affected by both ISI and
pitch, while learners only by pitch. The psycho-phonetic com-
plexity of the stimuli had a stronger impact on performance than
the increased memory load.

Our findings suggest that L2 learners can establish novel
phonological representations, but the ability to use them can
be applied only under favourable listening conditions with
no distracting acoustic information. The non-native listeners’
reduced sensitivity under increasing task demands appears to
be the reason why even advanced learners still face difficulties
in natural learning situations.

Index Terms: task demands, discrimination, non-native length
contrast, Japanese, German, geminate

1. Introduction
The discrimination of non-native length contrasts is expected to
be difficult for L2 listeners when such contrasts do not exist in
an L2 lexicon (theoretical supports for segmental contrasts see
e.g. [3, 4]). Indeed, better performances have been oft found
in L1 listeners rather than in L2 listeners [5, 1, 6]. At the same
time however, despite this prediction, even non-native listen-
ers have occasionally been reported to discriminate non-native
prosodic contrasts fairly better than expected, given the lacking
L2 phonological category in a listeners’ L1. Hayes and Masuda
[1] and Wilson et. al [2] report that even non-learners who have
no consonantal length contrasts in their L1 could discriminate
them without any exposure to the L2, by simply relying on au-
ditory memory [7] and absolute durations [8, 2]. We postulate
that these findings do not contradict each other, but do relate to
task demands.

Under challenging situations, speech perception becomes
more demanding. This is because the listener’s cognitive load,
operationalized as attention control (efficient attention shift
among foregrounding and backgrounding of task-relevant and
-irrelevant information [9]) and memory load becomes higher
in such situations (e.g. [10, 11]). That appears to be all the

more true when it comes to L2 perception. Previous studies
show that the difficulty of listening to speech in noise or with
greater talker variability is more exacerbated in L2 perception
when compared to L1 perception [12, 13, 14, 15]. Given that
the cognitive resources in L2 speech processing are fewer due
to reduced L2 proficiency in comparison to native speakers [12],
L2 perception is expected to be more ”vulnerable” under such
demanding listening conditions.

Werker and Logan [16] for instance show a performance
decrease in the L2 listeners’ discrimination of non-native seg-
mental contrasts once an ISI becomes longer. ISI is known to
increase task demands affecting the memory load (the longer the
higher) and involving different levels of speech processing (the
longer the more higher phonological perception) [17, 18, 19, 7,
20, 16]. Their findings suggest that L2 listeners had difficulties
in discriminating non-native segmental contrasts once memory
load increased and the processing tapped into the phonologi-
cal one. We will investigate non-native listeners’ limitations in
discriminating non-native segmental length contrasts (and not
segmental contrasts) under increasing task demands by increas-
ing ISI [16] and by adding another dimension of task demands,
psycho-phonetic complexity relating to attention control.

A discrimination task is a suitable method to investigate
said issue, because it appears to require low task demands un-
der a certain condition (see the aforementioned fairly good non-
native performance) and it is therefore easy to enhance task
demands in other conditions. In the current study, we con-
ducted a speeded same-different-task to discriminate consonan-
tal length contrasts testing Japanese natives, German learners
and non-learners. Consonantal length is lexically contrastive in
Japanese, but not in German. We expect therefore that the dis-
crimination of consonantal length contrasts will be exacerbated
to a greater extent only for German learners and even more for
German non-learners under increasing task demands. Increas-
ing task demands in our study are defined along two dimen-
sions: attention control through psycho-phonetic complexity of
the stimuli (e.g. [9, 21]) and memory load (e.g. [22]), the ca-
pacity to hold memory for a limited period of time.

psycho-phonetic complexity was increased by adding a
task-irrelevant pitch movement. We built two stimuli condi-
tions, one with pitch falls that occurred simultaneously with
the consonant and the other with flat (namely monotonous)
pitch. Attention control in the former condition is expected to
be higher, because ignoring the task-irrelevant pitch movement
is required in this condition. In case listeners cannot ignore it,
they need to process both pitch and length simultaneously in the
consonantal length contrast. In the flat pitch condition, listeners
have one prosodic cue less to process (only duration). In case of
an unsuccessful attention control, the trials with a falling pitch
are expected to become psycho-phonetically more complex and
more difficult for the discrimination of consonantal length con-
trasts than those with a flat pitch.
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Previous studies consistently report that the complexity of
speech perception in a bad speech quality or in unfavourable
circumstances (e.g. in noise) impairs successful speech percep-
tion [10, 11, 23] and that is more the case for L2 perception
[12, 13, 14]. It may be assumed that L2 listeners’ are less suc-
cessful in ignoring or shutting down the task-irrelevant infor-
mation, e.g. noise in background. In our study we therefore
hypothesize that the psycho-phonetic complexity of the stimuli
constitutes is an impediment to a greater extent for L2 listeners
than for L1 listeners, because the former are less likely to ignore
the task-irrelevant pitch movement. Moreover, this additional
falling pitch movement mirrors the phonetic form of a Japanese
lexical falling pitch accent. The study will therefore contribute
to understanding the L2 perception of a language with lexical
tone or pitch accent.

The other dimension, memory load, was manipulated by in-
creasing the duration of ISI (in one condition 300ms and in an-
other condition 2500ms). In order to eliminate the risk of back-
ward masking, ISI should be longer than 250ms [17, 24, 25].
Around 250ms after the offset of a sound, information is rec-
ognized at the sensory level, but is not yet identified or catego-
rized [26]. The discrimination ability increases rapidly between
100 and 500ms and falls gradually as the ISI increases further
[17, 7, 20]. The decrease after 500ms may be interpreted as the
effect of gradually decaying auditory information in short-term
memory. In order to test the acoustic comparison of successive
stimuli without risking a backwards masking effect, we decided
to use 300ms in one condition (slightly longer than 250ms) to
ensure the acoustic trace was available. Then, it is claimed
that this uncategorized acoustic information is maintained for
a while (approximately 2000ms) in the precategorical acoustic
storage [26] or in the short-term phonological storage as an au-
ditory image [27, 28]. To keep our experiment to a duration that
would not cause the participants to diminish their concentration
or motivation, but at the same time to make sure that the the pro-
cessing taps into the categorical level after 2000ms [27, 28, 26],
we decided to use 2500ms as the long ISI.

At the segmental level, numerous studies have investigated
the effect of the durations of ISIs on the discrimination of non-
native segmental contrasts. With a short ISI with which re-
searchers hypothesize that the lexical knowledge or phonologi-
cal category is not consulted, no difference between L1 and L2
listeners was found. When the ISI became long, however, the
L1 listeners’ performance surpassed the L2 listeners’ one. No
study has been carried out so far that explores the discrimination
of non-native segmental length contrasts by varying ISIs. We
assume that segmental length contrasts are perceived relatively
in a larger unit in relation to the adjacent words than segmental
contrasts. Therefore, it might be more difficult to discriminate
two stimuli with a segmental length contrast by directly relying
only on auditory memory.

2. Experiment
2.1. Methods

2.1.1. Participants

Twenty-four native Japanese participants (henceforth= JNs, 10
male, 20-31 years), 24 native German who were not learn-
ing Japanese (= non-learners, henceforth= GNs, 8 male, 19-30
years) and 48 German learners of Japanese (henceforth= GLs,
30 male, 20-34 years) took part for a small fee. They were un-
aware of the purpose of the experiment. None of the learners
had prior training in Japanese phonology.

2.1.2. Materials

We used disyllabic triplets that differed segmentally only in the
length of the first vowel or in the length of the second con-
sonant (e.g., [pWnW],[pW:nW], [pWn:W]). Twenty-one triplets
were evaluated in a pretest with Japanese and German native
listeners (different from those of the main experiment) to select
only stimuli that did not activate a word via phonological anal-
ogy. Participants were presented with one stimulus at a time
and were required to write down the first word coming to their
mind. We analysed the responses of 24 Japanese natives and 24
German natives separately. From there, six non-word triplets
with the lowest association strength in both groups were se-
lected (word association rate between 29.8 % and 45.3%, mean
= 34.5%, while the one of all 21 triplets ranged between 29.8%
and 100.0%, mean = 52.3%). The selected stimuli differed in
manner of articulation and voicing of the medial consonant (=
phon), punu, gunu, gupu, gubu, zusu, sufu. The materials were
recorded by a female speaker of Japanese in two pitch condi-
tions; high flat pitch and falling pitch (with a pitch fall during
the medial consonant pitch tracks, see Figure 1). Each stimulus
was recorded six times in order to have different tokens of the
same type (N = 216). To ensure the same pitch between the two
stimuli presented together (= A and X), the pitch was manip-
ulated by using a method which is based on the representation
of F0 contours with B-splines [29] and on a smooth warping of
the time axis allowing us to move selected time boundaries to
desired positions (see [30]). More specifically 6 tokens of each
triplets of a given phon (thus N = 18 for each phon) realized in
the same pitch pattern were aligned on the average pitch across
tokens (in the flat pitch: average = 1.3 semitones, range = 1.0
– 1.6 semitones; in the falling pitch: average = 13.0 semitones,
range = 10.5 –16.4 semitones). Finally, a female native speaker
of Japanese and a male native speaker of German selected the
most naturally sounding tokens as experimental items (for each
phon, N = 3 for the stimuli with a long vowel or a long conso-
nant, N = 4 for the stimuli with short vowels and consonants).
There was no disagreement on the decisions.

Figure 1: Pitch track of geminate stimuli in the flat and falling
pitch condition. F0 range is shown between 100 and 350 Hz.

To verify the durational differences of the selected stimuli,
mean durations from the three different tokens of the respec-
tive long and short consonants and vowels were analyzed. A
linear mixed effects regression model with the critical vowel
or consonant duration as dependent measure and pitch (flat vs.
falling), segmental condition (short vs. long vowel or conso-
nant) as fixed factors and phon as a random factor including
random slopes for the fixed factors [31, 32] showed a signifi-
cant interaction for vowel contrasts (p < 0.01), but not for con-
sonantal contrasts (p > 0.1). Then we analyzed the durations in
the flat and falling pitch conditions separately for vocalic con-
trasts. Results of paired t-tests showed that, on average, long
vowels in the flat pitch condition were 3.3 times longer than
short vowels (t(5) = 20.0, p < 0.001) and those in the falling
pitch condition were 3.0 times longer (t(5) = 28.1, p < 0.001).
For consonant contrasts, we analyzed the durations in the flat
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and falling pitch conditions together. Results of paired t-tests
showed that geminates were on average 3.2 times longer than
singleton consonants in the flat pitch condition (t(10) = 25, p <
0.001). These duration measurements ensured that the acous-
tic criteria for the length distinction in vowels and consonants
were met (ratio for Japanese vowels was approximately 3.2:1,
[33] and for consonants 3.2:1 [34, 35]).

To compare the spectral quality for long and short vowels
/u:/ and /u/, the first and second formants at the midpoint of the
vowel were automatically extracted. A linear mixed effects re-
gression model with formant as dependent measure and pitch
(flat vs. falling), formant condition (F1 vs. F2) as fixed fac-
tors and phon as a random factor including random slopes for
the fixed factors [31, 32] showed that an interaction approached
significance (p = 0.07). Results of paired t-tests separately in
the two pitch conditions showed no difference in F1 nor in F2
(p-values were overall > 0.15). On average, F1 was 501.3 Hz
for long vowels and 484.8 Hz for short vowels in the flat pitch
condition and 467.9 Hz for long vowels and 429.9 Hz for short
vowels in the falling pitch condition. F2 was 1499.0 Hz for long
vowels and 1530.8 Hz for short vowels in the flat pitch condi-
tion and 1510.0 Hz for long vowels and 1495.9 Hz for short
vowels in the falling pitch condition.

2.1.3. Procedures

A speeded AX-task was used to test the subjects’ sensitivity
for consonantal length contrasts. One base list was assembled
by presenting all possible pairings of the stimuli (N = 84). The
short ISI was 300ms lSI (session 1) and the long one 2500ms lSI
(session 2). In both sessions, the intertrial-interval was 1000ms.
Each trial began with a beep of 44100 Hz (500ms). No feed-
back was provided during the experiment. Each session began
with 10 training trials using the phones that were not used as the
experimental ones (guna and puna) followed by a pause before
the experimental session started. The test lasted approximately
20 minutes. The order of presentation was automatically ran-
domized using Presentation (Neurobehavioral Systems).

2.2. Results

2.2.1. Sensitivity to contrast: d’ scores analyses

Participants’ sensitivity to the contrasts was calculated using d’
[36]. We calculated d’ scores for each participant for each of the
consonantal and vocalic length contrasts, flat and falling pitch
as well as short and long ISI. We normalized them by subtract-
ing those for vocalic length contrasts (as baseline) from those
for consonantal length contrasts (note that there were no dif-
ferences in the d’ scores for vocalic length contrasts across lan-
guage groups, overall p > 0.2). The value of 0 in the plot means
that the d’ for consonantal and vocalic length contrasts were al-
most the same. A linear mixed effects regression model with d’
scores as dependent measure and language groups, pitch (flat
vs. falling), ISI (short vs. long) as fixed factors and partici-
pants as a random factor including random slopes for the fixed
factors [31, 32] showed a significant three-way interaction (p
< 0.003). To investigate the nature of this interaction, the data
were split by pitch. In the flat pitch condition, an interaction
was found between language group and ISI (GNs’ d’ scores de-
creased in the long ISI condition, but the d’ scores of the other
two groups did not, p < 0.03). JNs’ and GLs’ d’ scores did not
differ from each other. In the falling pitch condition, a main
effect of language groups was found (the JNs’ d’ scores higher
than the GLs’ ones, p < 0.01, the GLs’ ones higher than the

GNs’ ones, p< 0.01); see Figure 2. In order to compare the d’
scores between the two plots, we analyzed the d’ scores for both
pitch conditions in each language groups. JNs’ d’ scores were
not affected by pitch or ISI (overall p > 0.7). In the GLs’ data,
the effect of pitch approached significance (flat > falling, p =
0.09). The GNs’ data showed a significant interaction between
pitch and ISI (d’ scores only in the flat pitch condition decreased
in the long ISI condition, p < 0.03).

Figure 2: Results of the normalized d’ scores

2.2.2. Processing difficulty: reaction time analyses

The reaction time (RT) analyses were performed to investigate
task difficulty for the discrimination of length conditions (vowel
vs. consonant) [37, 38]. We only analysed RTs in trials with dif-
ferent pairs. To account for participant-specific RT-differences,
we normalized the raw RT data in the following way: We dis-
carded RTs longer than 2000ms and aggregated the data for
each participant, pitch, length condition and ISI. Then, the av-
eraged RTs for vocalic length contrasts were subtracted from
those for consonantal length contrasts.

Figure 3: Results of the normalized RTs

In the following, we will describe the results of a linear
mixed effects regression model with normalized RTs as
dependent variable, language groups, pitch and ISI as fixed
factors and participants as a random factor including random
slopes for the fixed factors. Results showed a main effect
of language groups (JNs faster than other two groups, p <
0.001) and an interaction between them (only GLs slower in
the falling condition than JNs and GNs were, p < 0.03); see
Figure 3. In order to compare the data between the two plots
in Figure 3, we further analysed the RTs in both two pitch
conditions in each language groups separately (pitch as a fixed
factor and participants as a random factor including random
slopes for the fixed factor). The analysis revealed that the JNs’
and GNs’ RTs in the two pitch conditions did not differ (p
> 0.9, p > 0.2 respectably), while those of GLs did (p < 0.001).
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3. Discussion
To investigate the (in)stability of the discrimination of non-
native prosodic contrasts, we conducted discrimination tasks
with various conditions that may impair the processing.

We found a consistent effect of pitch on the discrimination
of consonantal length contrasts in the d’ score analyses: the dis-
crimination of consonantal length contrasts presented in falling
pitch was more difficult for learners than in flat pitch and this es-
pecially for non-learners. The findings consistently confirm that
the psycho-phonetic complexity affected only the non-natives’
discrimination ability, indicating the non-natives’ decreasing at-
tention control along the increasing psycho-phonetic complex-
ity. Additionally, the difference between the learners’ and the
non-learners’ d’ scores suggests a positive L2 learning effect
in establishing higher attention control and in obtaining a more
stable L2 processing of non-native prosodic contrasts.

The RT analyses also showed longer RTs in the learners’
group when the pitch was falling. Contrary to the results of the
d’ scores, the non-learners’ RTs did not change in both pitch
conditions, suggesting that the psycho-phonetic complexity did
not impact on a perceivable task difficulty for non-learners just
as for native listeners. In this way, however, the learners’ perfor-
mance regarding the RTs became worse than the non-learners’
one in the falling pitch condition. Such a similar tendency was
also found in Altmann et al. [5] that investigated the non-native
(= German) discrimination ability of Italian consonantal length
contrasts. They found higher d’ scores for learners than non-
learners, but no significant difference between the learners’ and
non-learners’ RTs. We postulate that learners and non-learners
applied different strategies for the task. When the stimuli be-
came psycho-phonetically more complex, the direct auditory
comparison of the stimuli became more difficult. Therefore lis-
teners started to rely on phonological knowledge. Such learn-
ers’ indecisiveness demonstrates that the learners already had a
degree of access to a newly forming category and thus needed
to decide between two possible mapping representations. Non-
learners on the contrary, required a shorter time for the decision
without the ”selection” processing. Another possible interpreta-
tion would be the following: this difference between the learn-
ers and non-learners was found to be independent from the two
ISI conditions, suggesting a direct co-activation or mapping of
phonological representations from acoustic speech signals [39].
Here again, since learners established L2 phonological repre-
sentations, they needed more time to select one between the L1
and the L2 phonological representations, but non-learners did
not. We assume that this difference was found only in the in-
creasing psycho-phonetic complexity, because this temporal ef-
fect of the selection was relatively small. In future experiments
further attention needs to be paid to the underlying mechanisms
for non-learners and learners in future experiments.

As for the other dimension of increasing task demands,
memory load, native-like good performance by learners and
even non-learners was observed only in the condition with the
lowest task demands (short ISI and flat pitch). In the long ISI
condition, however, the non-learners’ d’ scores decreased. Such
decrease is the evidence that they had difficulties in discriminat-
ing non-native consonantal length contrasts, when the memory
load increased and once the processing tapped into the phono-
logical one. Learners were not affected by the increasing mem-
ory load just as Japanese natives were not. This effect of mem-
ory load was found in a so to say ”greenhouse condition” for
the consonantal length contrasts, when it was not disturbed with
another prosodic cue, pitch, but the processing only dealt with

length contrast without any effects of pitch. Once pitch came
into play, the effect vanished. Recall that the d’ scores in the
falling pitch condition were generally lower than those in the
flat pitch condition in both the learners’ and the non-learners’
group, while those of native listeners did not change between
the two pitch conditions. Therefore, the reason for not finding
the temporal decrease in the falling pitch condition may be ex-
plained with a floor effect.

Taken together, the effect of psycho-phonetic complexity
was stronger than the one of memory load. Both learners and
non-learners were distracted by the stimuli with greater psycho-
phonetic complexity, because their attention control became
lower. As learners become more familiar with the situation,
attention demands were eased and automatic processes devel-
oped [21]. Therefore, our finding suggests that learners, who
even established the phonological representations of non-native
consonantal length contrasts still were not successful in automa-
tising the L2 speech processing fully.

The task demands controlled in our study may be trans-
lated into various distracting factors in our natural speech per-
ception. Therefore, the performance decreases found in our
study suggest the instability of the L2 perception under vari-
ous task demands in our daily life. Moreover, the performance
decrease due to the psycho-phonetic complexity suggests that
the Japanese lexical pitch movement (e.g. a falling lexical pitch
accent or an initial low [40]) makes the perception of non-native
consonantal length contrasts more difficult.

4. Conclusions
We examined the discrimination of non-native consonantal
length contrasts under increasing task demands. Even non-
learners without any exposure to the L2 could discriminate them
in the lowest task demands, simply by comparing two stimuli at
the auditory level. However, such a reliance on the auditory
comparison could not last long. Once the ISI became longer
and memory load became higher, so that the auditory informa-
tion began to be processed phonologically, their discrimination
ability decreased and differed from the one by learners or na-
tive listeners. The learners’ performance did not differ from
the native listeners’ one. This result suggests that the exposure
to the L2 helped them to establish the phonological represen-
tations of non-native consonantal length contrasts. However,
even learners who were not distracted by the increasing mem-
ory load could not overcome the performance decrease due to
the increasing psycho-phonetic complexity of the stimuli. It
was difficult for both learners and non-learners to ignore the
task-irrelevant pitch and to focus on their attention only to the
task-relevant information. The finding indicates the difficulty
to automatise the L2 processing even after establishing or being
exposed to the L2 categories. To summarize, the non-natives’
performance was native-like good only under favourable listen-
ing conditions with no distracting acoustic information and with
lower memory load.

In our natural listening situations, there are numerous dis-
tracting factors that might impair L2 perception. The overall
decreases indicate why L2 perception remains difficult in the
daily-life situations, despite the still successful exercise in L2
class room situations.
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