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Abstract

In the present research we investigated the paocepf
Spanish stress in German-speaking listeners in agsgm
with native Spanish listeners. We used a cognitivel
demanding Odd-One-Out task and stimuli with valigbin
voice and/or in intonation. The main findings shdvkat the
German-speaking listeners were able to perceiveSghanish
lexical stress to a very high degree (76% of canresponses),
but that their performance was lower than the Sgani
listeners' performance (90%). The difference betw@&erman
and Spanish speakers was mainly due to the Gerpeakers'
poorer detection of thedd in two specific accentual contrasts.
The implications on thestress deafnesdypothesis are
discussed.

Index Terms: stress deafness, German, Spanish, Odd-One-
Out task.

1

While speakers of some languages can easily igetiié
position of lexical stress in L2, speakers of otlerguages
show some difficulties in performing this task. Tdiéiculty

in perceiving or discriminating accentual contrabtst do not
exist in L1 is the basis of treress deafnedsypothesis (e.g.,
[1]-[3].)- According to this hypothesis, the degre€ stress
deafnessis related to the accentual properties of L1, more
specifically to the nature of lexical stress (fagefixed). In a
free-stress language such as Spanish, German dislEng
lexical stress has a distinctive function, sincdigtinguishes
segmentally identical words such as in Spanimsimero

(['numero], engl.(the) numberandnumeo ([nu'mero], engl.l
numbe) or in Germanunfahren (['vmfaran], engl. run into)
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and umfehren ([um'faron], engl. drive round’. As a
consequence, speakers of a free-stress languagelestice
accentual information in their mental representataf the
words. On the other hand, the position of stresa ifixed-
stress language such as French or Finnish is miathl@, and
thus not contrastive. Consequently, the accentdalmmation
does not need to be stored in the lexical repratent of
speakers of a fixed-stress language. Wieess deafness
hypothesis claims that speakers of fixed-stresguages have
more difficulties in perceiving stress contrasts Lig than
speakers of free-stress languages, since theyarahbte to
encode the accentual information in their menteictn (e.g.,
[3]). In view of this, speakers of German should show

! The underlined syllable in these examples, artthénrest of
the paper, corresponds to the stressed syllable.
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evidence ofbtress deafnedn a L2 like Spanish. Alternatively,
since the acoustic correlates of stress are to soegeee

language-specific, it is unclear whether Germaerisrs show
the same performance in stress distinction comparced
Spanish listeners.

In addition, the degree atress deafnedsas been shown
to depend on other factors like the cognitive lgdaglved in
the task and the variability in voice (i.e., speak§l]-[3]).
Among the test paradigms with a low cognitive loas, find,
for example, the identification task, in which tparticipants
are asked to identify what they perceived in amogreclosed
set of responses (used for example [§)-[6]). Another
paradigm with a low cognitive load is the AX disnmation
task, where the participants have to decide whett@stimuli
are the same or different (used in [1] for examptehong the
paradigms with a higher cognitive load, we find, éxample,
the ABX discrimination task, in which the participarhear
three stimuli and are instructed to indicate whethe third
stimulus (X) is the same as the first stimulus @%)as the
second stimulus (B) (used for example in [1]). TH&XAtask
presents two major problems. First, since the g@psnts, in
order to make their decision, have to hold StimwWum the
short-term memory while they hear stimulus B, thiera bias
towards Stimulus B, as it is more current in thersterm
memory (e.g.,[7]). Second, it seems conceivable that the
participants perform the ABX task by simply judgiwbether
Stimulus B is the same or different from StimulusIX.that
case, the ABX task converts into an AX discriminattask.
These disadvantages I¢d] to use a variation of the ABX
task, namely an AXB task, where Stimulus X is préseén
between Stimulus A and Stimulus B. [2] developedtlagio
cognitively demanding paradigm, namely the sequeecall
task. In this task, two pseudowords differing ires$ position
(e.g.,piki with stress on the first syllable, apiki with stress
on the second syllable) are associated with twos katy a
keyboard (e.gpiki = key 1 ancpiki = key 2). The participants
hear sequences composed of the two pseudowordspi&ig
piki, piki, piki) and have to reproduce them with the
corresponding keys (e.g., 1, 1, 2, 1).

In the present research, we added a new level of
complexity in the task for the examination sifess deafness
by using the Odd-One-Out tas{8]). In this task, the
participants hear a sequence of three segmentdigtical
stimuli (e.g.,numerg. Among them, two stimuli present the
same accentual pattern (e.g., stress on the pmatstisyllable)
and one (i.e., thedd) presents a different accentual pattern
(e.g., stress on the final syllable). The partioipatask is to
indicate which stimulus is thedd element of the sequence. As
can be seen, this task lies between the AXB task thad
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sequence-recall task. We argue, however, that impeacison

with the AXB task, the Odd-One-Out task constitudeshore

real-life situation, since listeners are typicalpt primed

about the stress pattern of a word in advance ganthe

situational context allows this). The Odd-One-asktis thus
more cognitively demanding, since the target stira(i.e., the
odd) is not always in the middle position within thegsience,
but also in the first and third positions. Unlikeetsequence-
recall task, Odd-One-Out presents the advantageoiade the

possibility to collect not only the participantsrect/incorrect
responses, but also their reaction times, whichrelevant in

investigatingstress deafneg§l], [3], [6], [7])-

In summary, in the present research we testeduiltiey af
German-speaking listeners without knowledge of &tato
identify stress in Spanish words based on the Oude-Out
paradigm.

2. Method

2.1. Participants

Two groups of listeners participated in this expemt: 1) 17
native speakers of Spanish from Barcelona (here&@ganish
listeners”; mean age: 23.5 years, stdev: 6); 2)nafive
speakers of German from Zurich (hereafter "Gernpeaking
listeners”; mean age: 24.5 years, stdev: 3.4). Geeman-
speaking participants had no knowledge of Spaniahian or
Portuguese (i.e., romance languages with freesytres
Participants were students of Universitat Autonorde
Barcelona (Spanish listeners), Universitat Pompetrda
(Spanish listeners) and Universitat Zirich (Gerrapaaking
listeners). Listeners were paid for their partitipa

2.2. Material

Two triplets of trisyllabic Spanish words were us&te three
elements of each triplet differed with respect e stressed
syllable. Each triplet was composed of a propammxgtword
(i.e., first syllable stressed word) (hereafter ";PRUmerq
vdlido), a paroxytone word (i.e., penultimate syllablessed
word) (hereafter "P"numeo, valido) and an oxytone word
(i.e., final syllable stressed word) (hereafter ;"@umerg
validd). Two native female speakers of Peninsular Spanish
(Speaker 1 and Speaker 2) produced twice the sidlsvio a
declarative sentence with a falling intonation.(ilee dijo a
Pat "nimero", engl. He told Pat "nimero") and in an
interrogative sentence with a rising intonatioe.(i¢ Le dijo a
Pat "ndmero"?, engl. Does he tell Pat_"nmero™?). For each
sentence, we extracted the last word (eadgmerg and we
created sequences composed of three segmentaliyicale
words, separated by 500 ms (ejgimercnume&o-ndmero.
The sequences were composed of two words with dhees
accentual pattern (e.g., PRimerg and of one word with a
different accentual pattern (e.g., ®yme&o). The word with
the different accentual pattern was tul element within the
sequence and constituted thus the target word. gnadinthe
words (6 words x 2 speakers x 2 intonations), ¢imy6 words
produced by Speaker 1 with the falling intonaticerevused as
target words, while the other words were only uded
introduce variability within the sequences.

We constructed the sequences in such a way thaige |
phonetic variability was present (as recommendeld J#3]).
Stimuli were created in the following way: 1) Thecantual
pattern of the target word was counterbalanced, (§eme
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number of PP, P and O words as being target wojshll
the accentual contrasts were tested (i.e., PPttevayel paired
with P words or with O words; P target word paireith PP
words or with O words; O target word paired with\Ré&rds or
with P words); 3) The position of the target woridhin the
sequence was counterbalanced (i.e., same numbtargst
words in position 1, 2 and 3); 4) Half of the sempes was
composed of words produced by one speaker, andhgdém
was composed of words produced by two speakers. Was
done to introduce phonetic variability induced byaaiation in
voice (i.e., speakers); 5) Half of the sequences eeanposed
of words produced with the same intonation pattarnd half
of them was composed of words produced with tworiation
patterns. Phonetic variability was added in thaecwith a
variation in intonation.

A total of 144 test sequences was used in the ewpst.
We also introduced 72 filler sequences in which theet
word was produced by Speaker 2 and/or with a rising
intonation to avoid the participants to developtratsgy that
enabled them to identify thedd element of the sequence.
These filler sequences were not included in théyaas.

2.3. Procedure

The participants performed an Odd-One-Out task.erAft
hearing each sequence, they had to indicate, hafgmssible
which of the three elements was tid one (i.e., the different
one), by pressing the corresponding key (1, 2 orR)a
response box. They were told that thed element differed
with respect to the stressed syllable. They ha@écdrads to
answer and the next sequence was presented (evére if
participants did not give any answer). Each pauéiot
received a different randomization of the 216 segas. The
experiment lasted 25 minutes.

2.4. Data analysis

One German-speaking participant had to be exclérded the
analysis due to a particularly large number of migsata
(43%), which led to 21 German-speaking participaies.,
non-natives) and to 17 Spanish participants tiatiyes.

Statistical analyses were carried out with the Rveoe
(version 3.1.3; R Development Core Team, 20ibderTest
package[4]). We ran two analyses on the correct/incorrect
responses using mixed-effects logistic regressianleais [9]
(RTs will be examined in future research).

The first analysis, which aimed at validating tlse of the
0Odd-One-Out task in the examination of the perospf
lexical stress, was performed on the native Spalisgéners’
data only. In this analysis, the following predistowere
entered into the model: Wordvglido, numerd and Odd
position (1, 2, 3), interaction Word ©dd Position, and
Presentation ordér

* Although the global rate of missing data was retdy low
(2.54%), the German-speaking listeners presentede mo
missing data (3.14%, stdev: 4.22) than the Spalistners
(1.8%, stdev: 2.7%%(1) = 9.9, p < .01).

2 The nominal variable "Word'valido, numerd was recoded
into a [1, -1] dummy variable, the nominal variai@dd
position" (1, 2, 3) was recoded into [0, 1] dumngrigbles,
and the numerical variable "Presentation order" ressaled
for the values being between 0 and 1.



In the second analysis, we examined the effectlofihd
accentual contrast on the participants' accuradgiacting the
odd In this model, the predictors were L1 (Spaniskrr@an),
Accentual contrast (PP paired with P, PP paireth Wi etc.)
and the interaction L1 x Accentual Contrast. Thdofeing
controlled variables were also entered into the ehodord
(valido, numerp andOdd position (1, 2, 3), Presentation order
and the interaction between each of the controli@dables
and LE. In this analysis, the non-significant controlled
variables or interactions were removed from thalfinodel.

In both analyses, participants and items were edtas
random variables. The significance of the main atffeand
interactions was assessed with likelihood ratiotstethat
compared the model with the main effect or intécacto a
model without it. For clarity's sake, the resultsl digures are
presented in percentages, although all statisticalyses have
been performed on raw data (correct/incorrect nesps).

3. Resultsand discussion

3.1. Validation of the Odd-One-Out task in native
Spanish listeners

Spanish listeners present a performance of 90%ookct
responses, which suggests that the identificatibthe odd
does not constitute a difficult task for nativedisers (chance
level was 33.33%). Moreover, we observed no effeti&/ord
(numero= 91.18% andvalido = 90.43%;y%(1) = 0.88, n.s.),
Odd position (1 =92.38%, 2=89.34%, 3=90.69%;
¥¥2) =3.16, n.s.) or interaction between Word a@dd
position §%(2) = 1.23, n.s.). However, an effect of Preseomati
order is present{(1) = 7.72, p < .01). The error rate slightly
increased along the experimeft0.79, SE = 0.27, z = 2.93),
which seems not to be so surprising in a 30-minute
experiment.

Importantly, these findings let us conclude thae th
Spanish listeners' responses were not biased bywtrd
(numero or valido) or by the position of the odd in the
sequence, which validates the use of the Odd-Orida3k in
the perception of lexical stress.

* The nominal variable "L1" (Spanish, German) wasded
into a [-1, 1] dummy variable, the nominal varial#ecentual
contrast” (PP paired with P, PP paired with O,)etwas
recoded into [0, 1] dummy variables. Moreover, taninal
variable "Word" yalido, numerd was recoded into a [1, -1]
dummy variable, the nominal variabl®dd position" (1, 2, 3)
was recoded into [0, 1] dummy variables, and thmerical
variable "Presentation order" was rescaled fowtiees being
between 0 and 1.
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3.2. Effect of L1 and accentual
detection of the odd?

contrast in the

Figure 1 presents the percent correct identificatib theodd
as a function of L1 (Spanish and German). As caseles, the
performance of the native Spanish listeners isénigd0% of
correct responses) than the performance of the &erm
speaking listeners (76% of correct responsg&lL)= 29.39,
p <.001). Despite the presence of some outliadiqated by
a star in Figure 1), especially in the German-sipepk
listeners, their performance is above chance IéB&lomial
values between 0.000 and 0.005, for p = 0.33). gfiedings
indicate that the speakers of German were ablestect the
accentuabdd element within a sequence in Spanish, but they
were not as good as the native speakers of Spanish

i %
80

*

*

% Correct

T T
Spanish German

L1

Figure 1:Percent correct identification of the "odd" as
a function of L1 (Spanish and German).

Figure 2 presents the percent correct identificatibtheodd
as a function of L1 and Accentual contrast. In flgsre, "PP
paired with P", for example, means that thdd which is
proparoxytone (i.e., with stress on the first dyl#d, appeared
in the sequence among paroxytone words (i.e., sti#ss on
the penultimate syllable). Along the same line,"@ paired
with P", the odd is oxytone (i.e., with stress on the final
syllable) and was among paroxytone words (i.eh sitess on
the penultimate syllable).

As can be seen, we observe an effect of Accentratast
(¥*(5) = 20.74, p < .001), and more interestingly @ieraction
between L1 and Accentual contragi(s) = 133.53, p < .001).
Spanish and German-speaking listeners are not lgqual

2 As far as the controlled variables are concertteslgffect of
Odd position was significantyf(2) = 11.28, p < .001): thedd
was harder to detect in Position 2. Moreover, tldel was
better identified in thenumerosequences than in thalido
sequencesyf(1) = 7.43, p <.01), especially in the German-
speaking participantsy{(1) = 16.49, p <.001). The effect of
Presentation order was different in Spanish- andm@e-
speaking participantg%(1) = 22.64, p < .001): while the error
rate increased along the experiment in Spanishksmpa
participants (as previously mentioned), it decreasa
German-speaking participants.

% We ran the same analysis without the two Germaslspg
outliers to ensure that the L1 effect was not ahlg to these
two participants. The results without the two aardi were
similar to the results with the outliers (effect &fl:
v¥(1)=29.76, p<.001; effect of accentual contrast
¥4(5) = 21.86, p < .001; interaction L1 x Accentuahtrast:y
%(5) = 138.20, p < .001).



sensitive to the accentual contrasts. Post-hocysesl(with
Tukey corrections) showed that the Spanish liserave
more difficulties with paroxytonedds (i.e., with stress on
penultimate syllable), namely with "P paired witR"Pand "P
paired with O" (especially in comparison with "Oined with

P"). The German-speaking listeners present a lower
performance in "PP paired with O" and "O pairedhwitP".
Thus, German-speaking listeners seem to have more
difficulties with the pairing of proparoxytone ward(i.e.,
stress on the first syllable) and oxytone words. (istress on
the final syllable). Interestingly, it is in thesases that we
observe significant differences between the Spaarsth the
German-speaking listeners (in addition to "O pairth P").

@ Spanish
| German

100

90
80
70
60
50

% Correct

40
30
20
10

0
PP paired PP paired P paired
with P with O with PP

P paired
with O

Opaired O paired
with PP with P

Accentual contrast

Figure 2:Percent correct identification of the "odd" as
a function of Accentual contrast and L1 (Spanist an
German).

4. General discussion

The results of this research are interesting iresgwespects.
First, they revealed that the Odd-One-Out task titoiess an
appropriate task in the examination of the peroaptif lexical
stress. Second, they showed that the German-sgeakin
listeners are able to perceive the Spanish lexdtralss to a
very high degree (76% of correct responses), bat their
performance is lower than the Spanish listenerfbpeance.

This finding supports the view that the correctcpetion
of stress might be possible in an unfamiliar largdut that
the performance is poorer. It is possible that ihiselated to
the realization of stress in Spanish which mighhbeexactly
the same as in GermaiflO], for example, showed that
speakers of a language with vowel reduction sucEragish
(or German) might present difficulties in heariing tposition
of stress in languages with less vowel reductitke (Bpanish).
Thus, it seems conceivable that, since languageg wa
different ways in their stress correlates, listsnef some
languages might be better at detecting stress imeso
languages than in others. This interpretation idiqdarly
relevant for key experiments in the examinatiorthef stress
deafness such as [1]. In these experiments, Spanish and
French listeners judged stress in nonsense womttiped by
Dutch speakers. It seems possible that Dutch simigist in
some respects be closer to Spanish than to Fremicich
might contribute (besides the fact that stressoisdistinctive
in French) to a weaker performance of French letgnand
hence the belief that French listeners are destiréss.

Moreover, we have observed that the difference éetw
German-speaking and Spanish listeners was mairdytde
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German-speaking listeners' poorer detection of ddd in
accentual contrasts that paired oxytone and praptmoe
words (i.e., words with stress on the final andtfisyllable,
respectively). This finding is surprising since theree
accentual patterns (i.e., proparoxytone, paroxytcared
oxytone) exist in the German language (e.§11]).
Nevertheless, the German accentual pattern seemBeto
related to the syllabic structure of the word. Example [12]
examined a corpus of trisyllabic German words egdirith
different syllabic structures and showed that 58.8%ahe
words ending with a vowel (i.e., the syllabic sture of the
words used in the present experiment) were paroeyto
37.7% were proparoxytone, and only 4% were oxytdimess,
the German-speaking listeners might have beenrbetuby
the oxytone stress of a word ending with a vowéle poor
detection of the odd in sequences of oxytone and
proparoxytone words can also be explained by tice tfzat
oxytone German words rarely contrast with proparong or
paroxytone words, whereas paroxytone and propasagytio
(e.g., unfahren versus umfalren). On the other hand,
surprisingly, the German-speaking listeners did prgsent
particular difficulties in sequences where oxytomerds are
paired with paroxytone words. In that case, theicpption of
stress might have been influenced (and facilitateg)their
expectation that the paroxytone pattern may catstithe
default pattern in Spanish as it is the case inm@er(11]).

Finally, we cannot exclude that the difference leemv
Spanish and German-speaking listeners might betalube
fact that the former had access to the lexicalesgmtation of
the words they heard, whereas the latter did notteBt this
hypothesis, we ran the above experiment with fivern@n-
speaking listeners with knowledge of Spanish (betw@ and
6 years of Spanish courses). Results showed thatr¢haehed
84% of correct identification of thedd Nevertheless, in spite
of the higher performance in comparison with then@m-
speaking listeners without knowledge of Spanishe th
participants with knowledge of Spanish still prasena lower
performance in sequences where oxytone and proytarex
words were paired (80.70% and 76.52 compared t6083-
88.70% for the other accentual contrasts). Theirfgsl of this
pilot study suggest that the knowledge of the laggudoes
not enable the German-speaking listeners to ovezctime
difficulties related to the accentual pattern gasihus, it is
not in support of the hypothesis according to whitle
absence of lexical access in the German-speaksatignérs
without knowledge of Spanish was responsible feirttower
performance, compared to the Spanish listeners.

In conclusion, the present research validates
introduction of the Odd-One-Out paradigm in therexeation
of the perception of lexical stress. Moreover,ahfirms that,
although the perception of stress in L2 is somehow
conditioned by the accentual characteristics of lthe the
speakers of a free-stress language like German ato n
experience particular difficulties in perceivingests in another
free-stress language like Spanish.

the
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