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The present study investigated Italian learners’ production and perception of German /h/ and /?/ — two sounds that
lack obvious linguistic counterparts in Italian. Critically, of these sounds only /h/ is explicitly known to learners from
instruction and orthography. We therefore asked whether this awareness would lead to better acquisition of /h/

than /?/, and whether any differences would depend on the explicitness of the task. In production, learners of a
medium proficiency level performed accurately in about 70% of the cases, with errors including sound deletions

Keywords:

Speech perception

Spoken word recognition
Speech production

Second language acquisition
Orthographic coding

ltalian learners of German

and substitutions. In spoken word recognition, two other learner groups of the same proficiency were hindered
by sound deletions, but not by substitutions, although they were able to differentiate the sounds in an explicit good-
ness rating task. Overall, acquisition of /?/ was similar to /h/, despite lack of awareness for this sound. The results
suggest that learners have established one combined “glottal category” to which both sounds map in speech pro-
cessing, while they may be better implemented in production.

1. Introduction

Speaking and listening in a second language (L2) that has
been learned after a native language (L1) is already in place
is a challenge for many learners, specifically with regard to
the second language sound inventory. A wide range of empir-
ical studies has demonstrated that those L2 sounds are espe-
cially difficult to learn that are similar, but not identical to a
category in the learners’ L1 (e.g., Best & Tyler, 2007; Bohn &
Flege, 1992; Bradlow, Pisoni, Akahane-Yamada, & Tohkura,
1997; Escudero, Hayes-Harb, & Mitterer, 2008; Gluszek,
Newheiser, & Dovidio, 2011; Hattori & Iverson, 2009; Ingram
& Park, 1997; Ingvalson, Holt, & McClelland, 2012; Llompart
& Reinisch, 2017). In that case, learners often perceive the
novel L2 sound as similar or identical to the acoustically and
articulatory closest category in their native language. This
leads to less accurate and slower recognition of words includ-
ing these sounds (Broersma & Cutler, 2008; Pallier, Colomé, &
Sebastian-Galles, 2001; Weber & Cutler, 2004). This process
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of mapping L2 sounds onto the L1 is also found in L2 word pro-
duction, such that learners produce L2 sounds similar to the
closest native sound category even if this comes at the cost
of reducing or failing to maintain critical L2 contrasts (e.g.,
Cebrian, 2000; Eger & Reinisch, 2019; Llompart & Reinisch,
2017; Smith, Hayes-Harb, Bruss, & Harker, 2009).

But not all non-native sounds that challenge L2 speakers
have close counterparts in the learner’s L1. One case in point
is the glottal fricative /h/, which is a notorious example of a “dif-
ficult” sound for many learners, for instance, French or Italian
learners of English or German. In their native languages, there
is no obvious counterpart that they would typically use instead.
Despite this well-known problem of the sound /h/, there is sur-
prisingly little work on how /h/ is acquired by L2 learners who
are L1 speakers of languages that lack this sound. It is possi-
ble that this is due to the special position that /h/ occupies in
languages in which the sound exists and that are relatively
often acquired as an L2 (such as English and German). Since
in these languages /h/ tends to occupy a hermit position as it
does not obviously contrast with any similar sound in these lan-
guages, prominent models of L2 sound acquisition (e.g., PAM-
L2: Best & Tyler, 2007; SLM: Flege, 2003; NLM-e: Kuhl et al.,
2008) would predict that this sound should be relatively easy to
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acquire, especially as its articulatory gesture is not particularly
complex.

However, recent work on German sheds a different light on
whether /h/ contrasts with any similar sound. Mitterer and
Reinisch (2015) showed that native speakers of German trea-
ted /h/ and the glottal stop /2/ very similarly for lexical access,
even though, traditionally, /?/ is viewed as epenthetic segment
that is not part of lexical representations. Phonological treat-
ments of German (e.g., Wiese, 1996) assume that German
allows vowel-initial syllables, which are then produced with
an epenthetic glottal stop (e.g., /afe/ — [2afs], ape), while /h/
is a phoneme that is lexically specified (e.g., /ha:fan/ —
[ha:fan], harbor). This predicts that deletion of these two
sounds should have different effects in perception, with stron-
ger deletion costs for the lexically specified /h/. In contrast with
this prediction, deletion costs for native speakers of German
were similar (Mitterer & Reinisch, 2015). Based on these
results, Mitterer and Reinisch (2015) argued that the glottal
stop may be considered a phoneme, because it is similar to
the phoneme /h/ in other aspects, too. Both sounds mostly
occur in morpheme-initial position, and they are the only
sounds that in word-initial position are relatively often deleted
in spontaneous speech. Therefore, Mitterer and Reinisch
(2015) argued that it might be problematic to treat them as fun-
damentally different (/h/ being a phoneme and glottal stop
being an optional epenthetic segment). These considerations
then also suggest that the two segments may form a perceptu-
ally and articulatory relatively similar contrast, giving raise to
the question how L2 listeners not familiar with these sounds
from their L1 deal with it. In line with the findings by Mitterer
and Reinisch (2015) we use the notation /2/ and /h/ rather than
[?] and [h] throughout the paper since we aimed at testing the
status of these sounds against each other, and as discussed
below both include phonetic variant forms.

The prediction that /h/ may be problematic for learners is
partly borne out by a study that investigated how French learn-
ers of German produce word-initial /h/ (Zimmerer & Trouvain,
2015a). Based on anecdotal evidence, one hypothesis was
that French learners may simply delete the glottal fricative
when speaking German. In contrast to that, analyses of pro-
ductions in different tasks (reading single sentences, repeating
sentences, and reading a text passage) revealed that learners
produced /h/ in word-initial position in almost 70% of the cases.
Only in very few cases they completely omitted it. In most
cases in which /h/ was not realized, they produced it as a glot-
tal stop, a sound that can occur as a stress marker in French
(Malécot, 1975). These observations imply that producing /?/,
which also shares some articulatory properties with /h/, may
be a preferred alternative for learners when /h/ is not realized
successfully, rather than simply omitting it. Unfortunately, the
study by Zimmerer and Trouvain did not investigate how
word-initial /?/ was produced by French learners, probably
because the glottal stop is, in phonological theory, not seen
as integral for word recognition as it turns out to be (Mitterer
& Reinisch, 2015). Another study investigated phonological
processing of /h/ in francophone Canadians using event
related brain potentials (White, Titone, Genesee, &
Steinhauer, 2017). This study used stimuli in which /h/ was
either present or absent in single-word utterances. It was found
that auditory discrimination abilities (as measured by the

MisMatchNegativity) were good in native as well as non-
native listeners independent of proficiency. However, with
regard to word recognition only native speakers and high-
proficiency learners showed sensitivity to the presence vs.
absence of /h/. This was measured with an N400 to pseu-
dowords such as 'urricane (for hurricane) and havocado (for
avocado). This shows that the ability to discriminate a sound
does not mean that it is used for word recognition. However,
similarly to the study by Zimmerer and Trouvain discussed
above, this study did not look at the processing of /?/.

In the present paper, we hence investigate how the two glot-
tal sounds /h/ and /?/ are acquired by ltalian learners of L2 Ger-
man. Neither /h/ nor /2/ are phonemes in Italian" (Kramer, 2009)
but are used to mark stress or in paralinguistic functions. The
glottal fricative is only used in emotional expressions, for
instance, laughing or sighing. Notably, there are a few lItalian
words that are written with an initial <h>, such as ho (“l have”),
but there it is mute. ltalian also does not have wide-spread glot-
tal marking of vowel-initial words. Vowel-initial words following
voiced sounds (like other vowels or nasals) are usually realized
with an “uninterrupted” transition from the preceding sound,
resulting in a hiatus in the case of two vowels across word
boundaries. In conversational speech, speakers also realize
two adjacent vowels as a diphthong or delete one of the seg-
ments (Bertinetto & Loporcaro, 2005; Magno-Caldognetto,
Zmarich, & Ferrero, 1997). In hyper-articulated speech, a glottal
stop may be inserted (Bertinetto & Loporcaro, 2005). Moreover,
glottalization can be used as a phrase boundary marker
(Stevens, Hajek, & Absalom, 2002) to indicate an open word-
final syllable when it is stressed, especially in the Tuscan dialect
(van Santen & D’Imperio, 1999). Interestingly, van Santen and
D’Imperio (1999) also observed breathy parts, that is, parts with
acoustic properties similar to /h/ in the ltalians’ productions, in
the same context as glottalization. This may indicate that /h/
and /?/ are used as interchangeable segments by Italians. Even
though ltalians may therefore have experience with these two
sounds in their first language, they could have difficulties accu-
rately producing and perceiving German words including these
sounds. This seems reasonable because several studies found
differences between coping with sounds that are linguistically
relevant compared to non-linguistic sound stimuli (Morse,
1972; see also dissociations between the articulation of speech
sounds and movements of emotional expressions in patients
with dysarthria: Ziegler, 2010).

To our knowledge, there are relatively few studies that
examine the acquisition of two L2 sounds that are both not sim-
ilar to the sounds of the L1. One classic finding is that English
learners are well able to discriminate click sounds from the
Zulu language (Best, McRoberts, & Sithole, 1988). This finding
suggests that at least some contrasts that are not perceived as
similar to any L1 sound should be acquired relatively easy (see
also Faris, Best, & Tyler, 2016, 2018). However, as we review
below, the ability to perform well on an auditory discrimination

" In the Tuscan dialect, the consonant /k/ is usually realized as glottal fricative (Marotta,
2008). On the website of the institute for German in Florence (https://www.deutschesin-
stitut.it/pronuncia-la-h/; last viewed on 11/02/2019), the pronunciation of “h” in German
words is even described as identical to the initial sound in “casa” (house) when spoken in
the Tuscan dialect. Therefore, for the present study, ltalians from the Tuscany were
particularly not included, since they may have experience with producing and perceiving
this sound, even if for a different phoneme category.
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task does not necessarily mean that L2 learners will find it easy
to make use of the contrast for linguistic processing in the L2. A
case in point are the results from two studies on the acquisition
of the Spanish contrast between tap and trill by American Eng-
lish learners. Both tap and trill are unlike the typical approxi-
mant realizations for /1/ in American English (Scarpace,
2014). Importantly, the Spanish tap and trill not only distinguish
between words (e.g., pero vs perro, Engl., ‘but’ vs.” dog’) but
also indicate whether an intervocalic /r/ at a word boundary
belongs to the first or second word, because word-finally the
sound is tapped but word-initially it is trilled. A study by Rose
(2010) showed that naive American English listeners are rela-
tively good in discriminating Spanish taps and trills in an AXB
task. However, Scarpace (2014) used a word-monitoring task
which focuses on lexical processing and showed different
results. In that study, listeners were presented with truncated
sequences (e.g., ‘veo ba[r/rrjo...’, Engl., ‘I see baro...’) and
had to tell whether the intended word was barones (with a
tap) or barrotes (with a trill). For /r/ at word boundaries, listen-
ers heard a sequence such as pedifrjelo. .. and had to decide
whether the intended sequence was pedi relojes (Engl., ‘I
ordered watches’, requiring a trill for the word-initial /r/) or pedir
elotes (Engl., ‘asking for sweetcorns’, requiring a tap for the
word-final /r/). Results showed that, especially in the word-
boundary condition, learners had difficulties correctly deciding
what the intended word was, a decision that had to be based
on the knowledge whether the intended word requires a tap
or a trill. This indicates that learners may treat the two sounds
as free variants of one single category for lexical processing
(Scarpace, 2014). Note, however, that in American English
varieties, the tap is a frequent realization of the phoneme /t/
when it follows a stressed vowel (Patterson & Connine,
2001), whereas the trill may be known as a variant of the pho-
neme /i/ from other varieties of English (e.g. in Scottish;
Hughes, Trudgill, & Watt, 2012). This study hence does not
fully address how learners deal with two new L2 sounds that
are distinct from all L1 sounds.

When investigating how a new L2 sound is acquired, the
question arises how the sounds are acquired in perception
and production. There have been different suggestions on
whether perception and production of difficult L2 sounds are
directly linked and how this relation may look. It may be the
case, for instance, that the ability to perceive an L2 contrast
is a necessary prerequisite for correctly producing it. Con-
versely, producing a contrast may enhance the ability to per-
ceptually discern it. One of the currently widely held theories
of second language acquisition, for instance, proposes the for-
mer, namely that production skills depend on how well an L2
contrast is perceived (i.e., the Speech Learning Model,
Flege, 1995, 2003). According to this idea, the same non-
native representations are accessed for production and per-
ception, and “without accurate perceptual ‘targets’ to guide
the sensorimotor learning of L2 sounds, production of the L2
sounds will be inaccurate” (Flege, 1995: 238). However, stud-
ies investigating this relationship revealed mixed results. For
instance, the learners’ ability to perceptually differentiate
sounds was not always correlated with their ability to produce
them in a straightforward way (e.g., Kartushina & Frauenfelder,
2014; Kartushina, Hervais-Adelman, Frauenfelder, &
Golestani, 2015; Kassaian, 2011; Peperkamp & Bouchon,

2011; Schertz, Cho, Lotto, & Warner, 2015). Moreover, some
studies reported that learners’ production abilities seemed to
be better than their perception (Sheldon & Strange, 1982;
Tsukada et al., 2005). Training studies that investigated
whether training of one modality can transfer to the other
revealed that better perceptual skills due to perception training
can lead to better production (Bradlow et al., 1997; Herd,
Jongman, & Sereno, 2013) or reversely (Akahane-Yamada,
McDermott, Adachi, Kawahara, & Pruitt, 1998). However,
effects are often only weak (Bradlow et al., 1997) or cannot
be found at all (Wong, 2013).

Comparing L2 production and perception abilities is further
complicated by the finding that learners may perform relatively
well in discriminating isolated phonemes or syllables, but at the
same time perform rather poorly in tasks that tap into lexical
processing (Diaz, Mitterer, Broersma, & Sebastian-Gallés,
2012; Llompart & Reinisch, 2018; Llompart & Reinisch, 2019;
Sebastian-Gallées & Diaz, 2012). This difference is also often
related to different types of tasks. Discrimination of sounds is
often tested in a more explicit way such as in an AXB-
discrimination task, where the listener focuses on phonetic
detail. To test lexical processing, in contrast, listeners typically
have to perform more complex tasks, in which they are not
explicitly prompted to listen to acoustic detail, such as the
visual-world eye-tracking paradigm (Huettig, Rommers, &
Meyer, 2011). This dissociation of explicit and implicit process-
ing of second language sounds is supported by various other
lines of research. For instance, listeners whose language skills
are still developing are able to make use of phoneme-like units
in speech perception (McQueen, Tyler, & Cutler, 2012) but are
usually not aware of such units until they learn to read (Morais,
Cary, Alegria, & Bertelson, 1979). In cognitive neuroscience,
Rauschecker and Scott (2009) suggested different auditory
pathways, with a ventral stream for spoken-word recognition
and a dorsal stream that links perception with production
(see also Hickok & Poeppel, 2000). Somewhat in line with this
proposal, Krieger-Redwood, Gaskell, Lindsay, and Jefferies
(2013) found that explicit speech tasks are impaired by tran-
scranial magnetic stimulation (TMS) to the motor regions, while
an implicit task is not. By using this technique, brain regions
associated with linguistic skills can systematically be stimu-
lated or inhibited in order to see their contribution to different
production and perception tasks. With regard to the study by
Krieger-Redwood et al. (2013), this means that, even if a lear-
ner can make a distinction in an explicit task while focusing on
the acoustic—phonetic properties, this may have different
repercussions for the use of this contrast in spoken-word
recognition and speech production.

Another important consideration in the context of the acquisi-
tion of a new L2 contrast is whether both sounds of the contrast
are acquired equally well or one is acquired better than the other
(Cutler, Weber, & Otake, 2006; Weber & Cutler, 2004). Consid-
ering the contrast /h/ versus /?/, there are in fact reasons to
assume that /h/ might be better acquired than /?/. First of all,
according to the current state of the art of German formal phonol-
ogy, /h/ is a phoneme and /?/ is an epenthetic segment (Wiese,
1996). This would suggest that learners should, simply due to
the nature of the input, acquire /h/ before /?/. Secondly, /h/ is
explicitly coded in German orthography with the letter <h>, while
/?/ is not. While there is a controversy of the role of orthography
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for spoken language processing in the L1 (Mitterer & Reinisch,
2015; Pattamadilok, Morais, Colin, & Kolinsky, 2014), there is
clear evidence that orthography influences L2 acquisition
(Bassetti, 2017; Escudero et al., 2008; Hayes-Harb, Nicol, &
Barker, 2010; Mairano, Bassetti, Sokolovi¢-Perovi¢, & Cerni,
2018; Simonchyk & Darcy, 2018). This is undoubtedly related
to the fact that L2s are usually learned (and tested) to a great
extent in the written modality. In the study on the tap-trill contrast
mentioned above, for instance, learners had overall more prob-
lems correctly deciding whether an /r/ was word-initial or -final
(requiring trill vs. tap, respectively) than to decide whether a
word-internal consonant was a tap or a trill (i.e., pero vs. perro)
(Scarpace, 2014). In word-internal position, the contrast is also
present in orthography, where the trill is written as < rr> and the
tap as <r>. At word-boundaries, however, both are written as
<r>. There, the orthographic coding is hence less straightfor-
ward than word-internally, which may contribute to the difficulty
learners have with the contrast (Scarpace, 2014). For the pre-
sent study, this influence of orthography would hence predict
that learners should be faring better with /h/ than with /?/.

However, the literature on orthographic influences in the L1
also suggests that a potential advantage for sounds with a
transparent phoneme-to-grapheme correspondence may inter-
act with the task effects described above. Task-dependent dif-
ferences have also been shown for L1 speakers when the
words differed according to their orthographic coding. In the
study of Mitterer and Reinisch (2015) with native speakers of
German, orthographic influences were tested both in an explicit
and in an implicit task. The results revealed an orthographic
effect only in the explicit task, not on spoken-word recognition
in the implicit task. When explicitly asked how well the words
were produced, deleting the orthographically coded /h/ had a
stronger effect than deleting the /?/. However, when the words
had to be recognized in a visual-world eye-tracking paradigm,
the reduction costs were similar for both sounds. That is, listen-
ers’ delay in processing the sentences caused by the deletion
of the segments was similar, regardless of whether /h/ or /?/
was deleted. A further comparison with Maltese speakers ruled
out the possibility that this was due to acoustic differences
between /h/ and /?/. In Maltese, the glottal stop is coded with
the letter <g>, and Maltese listeners showed similar deletion
costs when /?/ was deleted as German listeners. However, in
the explicit task, an orthographic effect was also observed in
the comparison between Maltese /?/ and German /?/, just as
in the comparison between German /?/ and German /h/.

Finally, although Italian learners are typically trained to pro-
duce /h/ during school lessons, they are unlikely to be ever
made aware of the glottal stop.? Indeed, many native speakers
of German are not aware of the glottal stop. For instance, the
Maltese-German dictionary (written by a German linguist) claims
that the glottal stop does not exist in German (Ohk, 2006).
Therefore, it is unlikely that Italian learners are aware of /?/
and will spend much effort on trying to correctly produce it. There
are hence strong reasons to expect that /h/ may be acquired bet-
ter than /?/.

2 While it is difficult to get hard data on this, an interview with a German native speaker
teaching German in Italy for more than 20 years confirms that the glottal stop is only
discussed at University level but not in high school.

The current study hence aims at investigating the acquisi-
tion of the German /h/-/?/ contrast by learners with Italian as
their L1. As reviewed above, the critical questions are how well
the contrast is acquired in perception and production, whether
there are differences between different perception tasks,
whether /h/ may be acquired better, and whether there is an
interaction of these two last factors, that is, whether the benefit
of /h/ is task specific.

This was achieved in a series of three experiments. Exper-
iment 1 tested how ltalian learners produce German words
starting with these sounds, and which type of non-target-like
productions they would realize. Italian learners and a German
control group were recorded producing German sentences,
including /h/- and /?/-initial target words. Given that both /h/
and /?/ can be deleted in German (Mitterer & Reinisch,
2015), the data for the control group will provide a benchmark
against which the learners’ performance can be evaluated in
the task that we used. ltalians were also recorded producing
sentences with vowel-initial targets in Italian. This was to make
sure that, even if tested in a similar task, the L1 Italian does not
afford frequent glottalization of vowel-initial words as one
would predict on the basis of the phonological description of
Italian (Bertinetto & Loporcaro, 2005).

Experiments 2 and 3 focused on Italian learners' perception
of German /h/- and /?/-initial words. In each experiment, per-
ception was tested in two different types of tasks that tapped
implicit and explicit processing of the contrast, respectively.
To test learners' perception of words starting with the critical
sounds during sentence comprehension (i.e., implicit process-
ing), we used the visual-world eye-tracking paradigm (Experi-
ments 2a and 3a respectively). Visual-world eye-tracking
makes use of the fact that listeners spontaneously fixate on
visual referents when presented with acoustic input. More
specifically, listeners’ fixation patterns on visual referents are
taken as a measure to what extent the acoustic input matches
the lexical representations that are accessed during compre-
hension (Allopenna, Magnuson, & Tanenhaus, 1998; Cooper,
1974; de Groot, Huettig, & Olivers, 2016; Huettig &
McQueen, 2007; Spivey & Marian, 1999; Weber & Cutler,
2004; see Huettig et al., 2011, for an overview). In this way,
by manipulating the acoustic input (e.g., substituting the critical
sounds for one another) learners' target fixations may provide
insights into how the two sounds are represented in the learn-
ers' lexicon. Critically, the task was implemented so that it did
not require a focus on acoustic—phonetic detail. The different
targets on the screen were always easily distinguishable
(i.e., words starting in /h/ and /?/ were never presented on
the same screen). For the explicit judgment task (Experiments
2b and 3b), the same correctly and incorrectly produced target
words were presented and the task was to judge how well the
target word was pronounced. We expected that if learners per-
ceive the difference between the two sounds, they should rate
words with the incorrect, substituted segment as worse than
words with the correct segment.

2. Experiment 1

The purpose of this experiment was to see how well Italian
learners of German produce words that in their canonical form
start with /h/ or /?/. In order to avoid a reading task and thus
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Laura hat neun

[actor]  [auxiliary] [number]

Laura has bought

Hute gekauft

[TARGET] [main verb]

nine hats

Fig. 1. Example prompt of a German sentence, with transcriptions of the full sentence that had to be constructed. Participants saw only the pictures.

being able to show a true orthographic effect in the acquisition
of /h/ or [?/ (cf., Bassetti, 2017), sentences had to be con-
structed from a series of pictures (see Fig. 1 for an example)
to elicit semi-spontaneous speech. The two main aims of this
experiment were to find out whether the two sounds are indeed
problematic for Italian learners and whether they produce not
only sound deletions but also substitutions in both directions.
Moreover, we expected that if explicit knowledge plays a role
in L2 sound acquisition, we should see asymmetries between
the two sounds with more correct productions for /h/ than /?/.

2.1. Method

2.1.1. Participants

Ten monolingual native speakers of German and 13 Italian
learners of German participated for pay. The German speakers
(four males) were aged between 18 and 28 (mean =25.3,
sd = 3.4) and were all current or former students at the Univer-
sity of Munich. The ltalian learners (three males) were aged
between 20 and 36 (mean=29.5, sd=5.1) and came from
various regions of ltaly. Table A2 in the Appendix gives an
overview over the these regions (including information about
the origin of participants in the other experiments). Importantly,
care was taken that no participant from Tuscany was included,
since in this region the sound /k/ is typically realized as a glottal
fricative (see footnote 1). Speakers from this region may hence
have more experience with producing and perceiving this
sound than speakers from other regions.® Some of the Italian
participants were in Munich as exchange students (n=6)
whereas others had their permanent residence in Munich.
According to self-report, the learners’ proficiency was at a med-
ium level between B1 and C1 according to the Common Euro-
pean Framework of Reference for Languages: Learning,
Teaching, Assessment (Council of Europe, 2011). Learners at
this level are considered to have passed the beginner level
but are not native-like either, which was the stage of learning
we were interested in. Overall, they started learning German
at a mean age of 19.8 (sd = 8.1), ranging from an age of 6 to
36 years. Some learners started taking German lessons at
school (n=5), whereas others learned German at University

3 A reviewer noted that glottal sounds also occur in Sardinian and Calabrian versions of
ltalian, albeit less consistently than in Tuscany. Across experiments we had three
participants from these regions. Excluding their data did not alter the results significantly.
We hence report the data with all participants.

or by taking courses at language schools. Their mean age at
the time when they arrived in Germany was 26.2 years
(sd = 5.3), with the youngest at an age of 18. Before their arrival
in Germany, no one had longer-term contact to German spoken
by native speakers. All participants filled out a questionnaire on
self-reported usage and self-estimated proficiency in German.
The questions could be answered on a seven-point scale, with
1 indicating frequent use, good skills, or weak accent, and 7 indi-
cating infrequent use, poor skills, or strong accent, respectively.
Table A.1 in the Appendix reports the means and standard devi-
ations of the length of residence, and of five values from the
questionnaire: The self-reported frequency of speaking and lis-
tening German, the self-estimated speaking and comprehension
skills, and the self-estimated accent in German.

2.1.2. Materials

Twenty German words were selected that start with the glot-
tal fricative /h/ and 20 German words starting with the glottal
stop /2/. All words were picturable nouns and were selected
to likely be known to ltalian learners of German. In order to
compare the learners' productions in German to how vowel-
initial words are produced in Italian (i.e., whether they are truly
vowel initial or whether epenthetic glottalization or glottal stops
would be found), an additional 20 Italian nouns were selected.
They all started with a vowel and were picturable. The German
material was produced by both groups of participants (i.e., Ger-
mans and ltalian learners of German). The ltalian words were
only produced by the Italians. Words are listed in Table B.1 and
Table B.2 in the Appendix.

2.1.3. Design

Participants were asked to produce the words in sentences
that they had to construct from an array of pictures. The struc-
ture of the German sentences was always of the type [actor]
[auxiliary for past tense] [number] [TARGET] [past participle
of main verb], for instance, Laura hat neun Hite gekauft
(“Laura has bought nine hats”). An illustration of one example
prompt is given in Fig. 1. Across the experiment four names of
the actors were used (Anna, Laura, Mario, Nico), each one
indicated by a different cartoon character, and three different
verbs as indicated by symbolic pictures (see, buy, eat). Partic-
ipants were familiarized with all pictures before the production
task began. Critically, the target was always preceded by one
of the numbers neun, zehn (“nine, ten”) or zwei, drei (“two,
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three”) ending in a sonorant sound (i.e., a nasal or a vowel).
This context facilitated the detection of /h/ and /2/ (where /?/
could be either realized as stop or glottalization) in the acoustic
signal. Two repetitions of each target word were recorded,
once after a nasal and once after a vowel, resulting in 80
recordings per participant (see Table B.1).

The Italian words were presented only to the learners and
were again produced in context sentences. Sentences were
elicited in a similar fashion as the German sentences but tak-
ing into account the typical ltalian word order. Sentences were

of the type Nico ha comprato un buon olio per Laura (“Nico has

bought a good oil for Laura”), such that the target always fol-
lowed an adjective ending in a sonorant (i.e., nasal or vowel),
again to facilitate the detection of a glottal stop or glottalization
if any was present. The 20 words combined with both types of
preceding context resulted in 40 Italian sentences (see
Table B.2).

2.1.4. Procedure

After reading instructions in German, each participant was
shown all pictures of the target words on a paper printout
and asked to name each object. This allowed the experimenter
to check whether the correct word was used, that is, to ensure
that the learners were familiar with all the words and to avoid
confusions of semantically related items such as Kaninchen
(“rabbit”) for Hase (“hare”). In cases in which an expression
other than the intended one was used, the experimenter
alerted the participant that the requested word was a different
one. The correct form was given by the experimenter, without
emphasizing the spelling or pronunciation, only if participants
could not guess it by themselves. After this preparation, partic-
ipants were seated in a sound-proof booth in front of a screen
and were instructed to form sentences from the pictures and
produce the whole sentence at a normal pace. The recordings
were made using a large-diaphragm condenser microphone
(Neumann Microphone, type TLM 103) and Speechrecorder
software (Draxler & Jansch, 2004). When a speaker used a
wrong target word or produced a hesitation or pause between
the context and the target word, the recording of this sentence
was repeated.

2.1.5. Analysis

The goal of the analysis was to see whether and how often
native speakers of German and especially the Italian learners
realized the two target sounds /h/ and /2/ appropriately. Pro-
ductions were analyzed by two trained phoneticians. The anal-
ysis was the same for both the German and the ltalian
sentences. First, all cases of multiple recordings of a given
sentence were screened such that all recordings of sentences
that contained pauses or hesitations, or in which a wrong tar-
get label had been used (e.g., Kaninchen, “rabbit” for Hase,
“hare”) were removed from the dataset. From the remaining
sentences, the target words together with the preceding con-
text words (i.e., the number-target sequences) were spliced
out of the carrier sentences using automatic segmentation
via WebMAUS (Kisler, Reichel, & Schiel, 2017) and Praat
(Boersma & Weenink, 2017). The WebMAUS tool also cap-
tured remaining sentences that contained hesitations or
pauses, which were excluded from subsequent analyses (93
of the 1840 German sentences produced by the learners and

1 of 800 tokens produced by the German participants). None
of the 520 ltalian sentences (40 trials x 13 ltalian speakers)
had to be excluded due to hesitations or mistaken words.
These remaining recordings were manually annotated by
two phoneticians, auditorily and by visual inspection of the sig-
nal using Praat (Boersma & Weenink, 2017). That is, the anal-
ysis was based on phonological categorization by expert
listeners. Since the focus of the study was to investigate
whether /h/ and /?/ are acquired as contrastive categories,
annotators could choose between three result categories,
which were /h/, /?/, or deletion, for both sounds respectively.
Allophonic variants that have previously been reported in
investigations of the glottal stop and the glottal fricative in Ger-
man (e.g., Kohler, 1994; Zimmerer & Trouvain, 2015b), and
that indeed were also observed in the current data, were bun-
dled into these three categories (see criteria below). Notably,
no sounds other than /h/, /2/, or deletion were observed.*
The criteria to annotate a glottal fricative were frication noise
combined with a lower amplitude during the fricative as com-
pared to the preceding and following vocalic context. Addition-
ally, interruptions of the fO contour were taken into account, as /
h/ is described as a voiceless consonant that is produced with
an open glottis. However, since all words occurred in a voiced
context, this criterion was not obligatory for the glottal fricative.
In German, /h/ can phonetically be fully voiced, despite its
description as a phonologically unvoiced fricative (see also
Zimmerer & Trouvain, 2015b). Similarly, the glottal stop is often
not a complete stop (see also Maddieson & Ladefoged, 1996,

p. 75; Mitterer, 2018; Pompino-Marschall & Zygis, 2010) but is
often produced as glottalization in the worlds’ languages
(including German, Kohler, 1994). Therefore, a glottal stop
was not only transcribed if there was a clear stop of air flow,
but also based on the properties of the fO track when there
was no clear stop. The criteria for the glottal stop then were
either a visible deviation or interruption of the voicing (i.e.,
sharp drop in FO or lack of FO tracking). Additionally, periods
of irregularity were taken as a criterion. These criteria were
the same for both German and ltalian sentences.

Only tokens in which both annotators agreed on the label
were included in the analyses. This was the case in 92% of
the remaining recordings for the German sentences. For the
Italian sentences, annotators agreed in 99% of the cases.
The productions of these sentences will be discussed after
the analysis of the German sentences, which are the main
focus of the present study.

2.2. Results

2.2.1. German sentences: learners vs. native speakers

Statistical analyses were conducted using generalized lin-
ear mixed-effects models with a logistic linking function as pro-
vided by the Ime4 package (Bates, Machler, Bolker, & Walker,
2015) in R (Version 3.4.3, R Core Team, 2017). Two types of
analysis were performed, the first of which analyzed whether
the target was produced canonically or not, and the second,
for the subset of non-canonical productions, whether the target

4 In few cases, the sounds were produced with both frication and creaky voice quality.
Therefore, only tokens were analyzed on which both annotators agreed in their
categorization (see also main text below). Importantly, in the entire set no sounds from
other sound categories, such as fricatives at other places of articulation, were observed.
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sound was more likely to be substituted or deleted. In both
analyses it was assessed whether a given pattern was stron-
ger for either of the two target sounds. The dependent variable
for the first analysis was coded with correct=1 and incor-
rect = 0. We henceforth refer to “correct” realization when the
annotation matched the respective target sound (i.e., /h/ and
/?/) and “incorrect” realization when the annotation indicated
the substitution or deletion of the target sound. The model
was fitted with the fixed factors Target Sound (contrast-coded
as /h/=0.5 and /?/ = —0.5), the speakers' L1 (German coded
as 0.5, Italian as —0.5), and their interaction. With this coding,
the grand mean is mapped onto the intercept, and effects can
be interpreted as main effects. The random-effects structures
included intercepts for participant and word (i.e., item) with ran-
dom slopes for Target Sound over participants and L1 over
items which amounts to the full random effects structure
(Barr, Levy, Scheepers, & Tily, 2013). Parameter estimates
and significance values for all variables are reported as pro-
vided by the Ime4 package (Bates et al., 2015), which makes
use of maximum likelihood estimation based on the Laplace
approximation (Raudenbush, Yang, & Yosef, 2000). The value
b refers to the fixed-effect estimate, SE to the Standard error, z
to the z-value, and p to the probability-value (see, e.g., Field,
Miles, & Field, 2012, for more detailed discussions of mixed-
effects models).

Results are illustrated in Fig. 2. Native speakers of German
produced the sounds correctly in most of the cases, with only
few deletions. The Italian learners produced the sounds cor-
rectly less often than the Germans, but overall correct in
69.8% of the cases. This difference was confirmed by the sta-
tistical analyses, revealing a significant effect of L1 (b_; = 5.58,
SE=1.08, z=5.15, p<0.001; binercept = 3.98, SE =0.58,
Z=6.86, p<0.001). The effect of Target and the Interaction
with L1 failed to reach significance (brarget = 1.56, SE = 0.92,
z=1.69, p=0.09; bL1Target=1.30, SE=1.65 z=0.78,
p = 0.43). The latter might be surprising given that the differ-

Germans' productions

ence between /h/ and /?/ is much larger for ltalian learners
(9.8%) compared to native speakers (2.7%). Note, however,
that the differences for German native speakers is near ceiling,
where the logistic transformation (correctly) assigns more
weight to smaller differences.

Looking at the types of incorrect productions (i.e., the two
darker shadings in Fig. 2 indicating substitutions and deletions)
German speakers deleted both sounds in very few cases, but
never replaced them with each other. Therefore, this second
analysis was not informative for German speakers and was
only conducted for Italian learners, who produced both types
of non-canonical pronunciations, deletions and substitutions
for both /h/ and /2/. In order to test whether ltalian learners
deleted or replaced one of the two target sounds more often
than the other, two additional models were fitted with data of
the ltalian learners, one for deletion, one for substitution. In
both models Target Sound was the fixed factor, again coded
with /h/=0.5 and /2?/=—-0.5. The random effects structure
included random intercepts for participants and word, and ran-
dom slopes for Target Sound over participants. In the first
model, the dependent variable was whether a sound was
deleted or not. Results revealed a significant effect of Target
Sound, showing that ltalian learners deleted /2/ more often
than /h/ (brarget = —2.51, SE=0.93, z=-2.70, p < 0.01; binter-
cept = —3.35, SE=0.74, z=—-4.55, p<0.001). In the second
model, the dependent variable was whether one sound was
replaced with the other. This analysis did not reveal a signifi-
cant effect of Target Sound, indicating that the substitution pat-
tern did not differ significantly between the two sounds
(brarget = 0.80, SE=0.97, 2=0.83, p = 0.41; bintercept = —2.71,
SE=0.35, z=-7.66, p<0.001).

2.2.2. Italian sentences

The rightmost bar in Fig. 2 illustrates how often the Italian
speakers produced a glottal stop (or glottalization) when pro-
ducing vowel-initial words in their own L1. Analyses revealed

Italians' productions
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Fig. 2. Proportion of /h/- and /?/-realizations in the German sentences, shown for the German speakers (left panel) and the Italian learners (right panel). The rightmost bar in the Italians’
productions shows the proportion of realizations of vowels and glottal stops in vowel-initial words in the Italian sentences by the ltalian speakers.
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that in only 6.4% of the cases, vowel-initial Italian words were
produced with an initial /2/. Importantly, whether or not any
instance of /?2/ was used varied widely between participants.
Of the 13 Italian participants, six never produced a glottal stop
or glottalization in Italian, six produced glottalization once or
twice (<5%), and one produced glottalization in 42.5% of the
cases. In the German sentences, the percentage of the correct
/?/-realizations for this speaker was relatively high, at about
82%. Importantly, this participant who was from Liguria did
not report anything particular in the language background
questionnaire that would have distinguished her from the other
participants. Note also that overall there was no correlation
between the number of glottal-stop insertions for German ver-
sus ltalian vowel-initial words. As expected, /h/ was never
inserted in Italian.

In sum, while Italian learners of German produced very few
Italian vowel-initial words as starting with a glottal stop, Ger-
man words starting with /2/ or /h/ were produced correctly in
about 70% of the cases. Non-target like productions included
deletions and substitutions.

2.3. Discussion

The purpose of Experiment 1 was to find out how often Ital-
ian learners of German would produce the two target sounds
correctly and to see which types of non-target productions they
would realize. The results demonstrated that learners indeed
show problems with both sounds and, notably, produce substi-
tutions in both directions. Given that neither sound exists in the
learners’ L1, 70% of correct productions for the learners indi-
cate relatively good performance and possibly better than
could be expected from anecdotal evidence.

Secondly, we asked whether /h/ would be acquired better
than /?/. Although the proportion of target productions did not
differ significantly between /h/ and /?/ among the whole group
of Italian learners, the numerical difference of about 10% more
correct productions of /h/ calls for caution in the interpretation
that there really is no difference. However, given the strong
a-priori assumption that /h/ should be easier, the absence of
a significant effect is somewhat surprising. Apparently, learn-
ers differ strongly on how well they learn /h/ versus /?/, leading
to a mean difference that does not reach significance. In addi-
tion, the analyses of the learners’ non-target like productions
revealed a different pattern for the two sounds: Whereas the
number of substitutions did not differ significantly between /2/
and /h/, the glottal stop was deleted more often than the glottal
fricative.

The higher deletion rate of /?2/ compared to /h/ may be
explained by their different status. That is, since learners are
usually aware of /h/ as a problem, they may have paid special
attention not to omit this sound. However, the finding that
sound substitutions occur similarly often in both directions
may indicate that despite learners’ awareness of /h/, this sound
is not clearly differentiated from /2/. This leads to the question
how the two sounds are used in perception. Since Experiment
1 showed that Italian learners produce substitutions similarly
often in both directions, Experiment 2 compared the perception
of correct productions with substituted productions (i.e., an /h/-
initial word is produced with /?/, and vice versa). Since perfor-
mance by L2 learners typically differs between different types

of tasks (Diaz et al., 2012), Experiment 2a tested the percep-
tion of the /h/-/?/ contrast in an implicit task and Experiment
2b in an explicit task.

3. Experiment 2a

To test the perception of German /h/ and /?/ in an implicit
processing task we followed the example of Mitterer and
Reinisch (2015) and made use of a visual-world paradigm.
To focus listeners’ attention on semantic properties rather than
the specific target sounds, the targets were embedded in sen-
tences in which they were predictable from the preceding sen-
tence context. The question was to what extend Italian
learners would be influenced by the substitution of /h/ and /
2/, and whether there would be an asymmetry between recog-
nizing targets starting with the two sounds.

3.1. Method

3.1.1. Participants

Twenty-one monolingual native speakers of German and 20
Italian learners of German participated for pay. None had par-
ticipated in the production experiment, but by specifying the
same criteria for participation (between B1 and C1 according
to the Common European Framework of Reference for Lan-
guages, Council of Europe, 2011), the Italian participants were
matched as closely as possible to the previous sample. The
German participants (five males) were aged between 18 and
34 (mean = 23.6, sd =4.7) and all of them were current or for-
mer students at the University of Munich. The Italian learners
(five males) were aged between 19 and 38 (mean =27.7,
sd = 5.5) and were living in Munich at the time of testing. Over-
all, they started learning German at a mean age of 20
(sd = 7.1), ranging from 6 to 33 years. Their mean age of arri-
val was 25.9 years (sd = 4.6), with the youngest arriving in Ger-
many at an age of 18. Before their arrival in Germany, no one
had longer-term contact to German spoken by native speakers
or had lived in a German-speaking country. Some of them had
their permanent residence in Munich (n = 16) whereas others
were exchange students. As the group in Experiment 1, the
Italian learners filled in the questionnaire on their use and
self-estimated proficiency in German. Overall, the mean values
of the self-estimated skills in German and the self-estimated
accent compared well to the overall level of the learner group
in Experiment 1 (see Table A.1 in the Appendix).

3.1.2. Materials

For the auditory and visual materials, we identified 40 /h/-
initial and 40 /?/-initial German picturable nouns. An additional
set of 40 German words starting with various other consonants
was selected to serve as fillers. For each word, a sentence
was constructed such that the target was predictable from
the context, and that the target was always preceded by a word
ending in a nasal. This context was chosen to facilitate the
splicing procedure described below, so that the obstruents /
h/ and /2/ would stand out between the surrounding sonorants.
Words and sentences are listed in the Appendix in Table B.3.

For each of the sentences, a visual display was generated
that contained three pictures, which were retrieved via Google
image search. On each screen, one picture referred to the tar-
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get (the word in the sentence), the second was selected as a
semantic competitor (i.e., also semantically fit the context pre-
ceding the target word) and the third one as a distractor that
was not likely to occur in the sentence (the latter two were only
presented as pictures but not recorded). For instance, for the
target Anzug (“suit”) in the sentence Vater trdgt gern den war-
men Anzug (“Father likes to wear the warm suit”) the semantic
competitor was Pullover (“sweater’) and the distractor was
Nagel (“nail”). The three words within a trial started with differ-
ent consonants and were matched in estimated word fre-
quency taking into account spoken forms (SUBTLEX-DE,
Brysbaert et al., 2011).

For the critical /h/- or /?/-items, sentences were constructed
such that the target words were, on face validity, a bit less likely
than the respective semantic competitors. This was to avoid
revealing to participants already from the sentence which pic-
ture was the target, which would decrease competition and
hence mask potential effects of the manipulated variable
(e.g., “Father likes to wear the warm .. .”, where “suit” is slightly
less likely than “sweater”). The filler sentences, by contrast,
were constructed such that target words were slightly more
likely than the semantic competitors, to avoid enabling partici-
pants to know/learn that the less probable word would always
be the correct one (e.g., “Leon’s favorite sport is ...”, with the
target “soccer” and the less likely semantic competitor “bil-
liard”). The estimated probability of occurrence of the target
vs. competitors in the sentences was confirmed in a pretest.

3.1.3. Pretest

All sentences were presented in written form in an online
pretest. Each sentence was presented one after another with
three dots in place of the target, and at the same time the tar-
get and the semantic competitor word were shown. Partici-
pants had to rate on a five-point scale for each of the two
words how well the target and the competitor word fitted the
sentence, from 1 “fits very well” to 5 “does not fit at all”. Ratings
from 96 students, who were native speakers of German, were
analyzed. As intended, targets were rated as a better fit than
competitors in the filler sentences and were rated as slightly
worse than competitors in the sentences including the critical
/h/- and /?/-items (see Table C in the Appendix C).

The ratings were also used to assign the sentences to two
lists for the eye-tracking experiment. These lists were created
to split the data, so that at test, each participant would hear
each word with only either the correct or the replaced segment.
For each sentence, the difference between the rating of the tar-
get and the competitor was calculated, sentences were sorted
according to this difference and then assigned alternately one
by one to list A and list B. This was to ensure that both lists
were balanced in terms of how likely the target word was com-
pared to the semantic competitor in our two experimental con-
ditions (see sentences in Table B.3 in the Appendix).

3.1.4. Recordings

Sentences were recorded by a female native speaker of
German. Filler items were recorded once. Sentences with a
critical item were recorded several times to allow cross-
splicing of the recordings. That is, the sentences with a critical
/h/- or /2/- item were recorded at least twice in their correct
form, and at least once with the initial segment replaced (i.e.,

glottal stop replaced by /h/ and the other way around). Three
recordings were used to generate the two stimuli per item for
the experiment: one of the recordings with the correct realiza-
tion and one with the incorrect realization were spliced into a
third recording which was used as carrier. Recordings were
manipulated in Praat (Boersma & Weenink, 2017). All splicing
was done at a negative-going zero-crossing at the beginning of
the nasal preceding the target sound, and at a suitable place
after the target sound, such that no audible artifacts resulted
from cutting. If necessary, the duration of the nasal was
adjusted, such that the two resulting sentences differed only
in whether the target word started with a glottal stop or a glottal
fricative. Additionally, in each resulting recording, the target
onset was determined by visual inspection of the acoustic sig-
nal. For the critical items, the onset was defined as the end of
the nasal and the start of frication for /h/, and the beginning of
silence or the start of aperiodicity visible in the waveform and
spectrogram for /2?/. Target onsets of the various consonants
were also marked in the filler sentences.

3.1.5. Design

Each participant heard 122 sentences, of which 2 were
practice trials, 40 filler trials, 40 /h/-items and 40 /?/-items. Half
of the critical items were presented with the correct segment
and half of them with the replaced segment, for both /h/- and
[?/-items. Which words were presented in the correct form
and which with the replaced segment was determined by the
list they had been assigned to, based on the pretest. Lists were
counterbalanced between participants. That is, each partici-
pant heard each critical item once, either with the correct or
the replaced segment, but never both. Importantly, this design
was chosen to compare fixations on the targets between con-
ditions, and not to compare fixations on target vs. competitor
within one trial. The first six trials always contained four fillers
and two practice trials with one correct and one replaced /h/-
initial word, that were not included in the analyses. A different
random order of the trials was generated for each participant.
That is, the order of sentences and the number of times each
quadrant contained the target was balanced over participants
and conditions. The experiment was implemented on SR
Research Experiment Builder (Version 1.10.1630).

3.1.6. Procedure

Participants were seated in front of a computer screen and
an Eyelink SR 1000 eye-tracker in desktop set-up was cali-
brated. They were instructed that they would hear German
sentences over headphones and at the same time see three
pictures on the screen. Their task would be to click on the pic-
ture that best matched the word in the sentence. It was explic-
ity phrased that they should click on the “best-matching”
picture, since especially for German listeners a word spoken
with the substituted segment should sound wrong. The exper-
imenter emphasized that when the pictures appeared they
should look freely all over the screen. For each trial, partici-
pants first saw a fixation cross for 600 ms before the pictures
appeared on the screen. After a preview of 1800 ms with the
pictures present, the recording started to play. As soon as
the participant had clicked on one of the pictures, the next trial
started automatically after 500 ms, starting again with a fixation
cross. The participants could take a self-paced break at three
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pre-defined points during the experiment after every 40 trials.
The eye-tracking task took approximately 20 minutes to
complete.

3.1.7. Analysis

Only critical items were analyzed. Of these, all words that
were unknown to learners, as indicated in a questionnaire after
having finished all parts of the perception experiment, were
excluded from the analyses for the respective participant. For
this purpose, 113 items were removed (7.1% of the ltalian
learners’ data). From the remaining data set, those trials were
also excluded in which listeners did not click on the target pic-
ture (4.1% of the remaining ltalian learners' data and 0.7% of
the data collected from the German group). A click was defined
as correct when it was within the quadrant of the screen in
which the picture corresponding to the target word was shown.
We compared target fixations on trials with the correct segment
vs. trials with the target sound substituted.

In analyzing eye-tracking data, the selection of an appropri-
ate time window is critical. It is generally assumed that listen-
ers need approximately 200 ms to program and launch a
saccade leading to a delay of about 200 ms between the onset
of a spoken word and the fixation related to this input (e.g.,
Allopenna et al., 1998; Dahan, Magnuson, & Tanenhaus,
2001; Huettig & McQueen, 2007). However, several studies,
especially with non-native listeners, report longer delays and
therefore set the start of their critical time window at 300 ms
(see, e.g., Cutler et al., 2006; Escudero et al., 2008; Weber
& Cutler, 2004). In the present study, the time window between
300-800 ms after target onset was chosen since this time win-
dow appeared to best capture listeners’ reactions. This deci-
sion was based on a visual inspection of target and
competitor fixations over the whole group. Independent of con-
dition, target fixations started to diverge from fixations of com-
petitors at about 300 ms after target onset and continued to
rise until about 800 ms.

All results were analyzed with linear mixed-effects models
with the full random effects which was the logOdds-
transformed proportion of fixati structure (Barr et al., 2013),
save for the exclusion of correlation parameters between ran-
dom effects. First, one overall model was fitted including data
from all participants. The dependent variable was the target fix-
ations for the eye-tracking data, which was the logOdds-
transformed proportion of fixations on the target picture over
the specified time window. The model was fitted with the fixed
factors L1 (German coded as 0.5, Italian as —0.5), Target
Sound (/h/ coded as 0.5, /2?/ as —0.5), Condition (correct coded
as 0.5, substituted coded as —0.5), and all interactions. This
way, the grand mean was mapped onto the intercept and
effects can be interpreted as main effects. The random-
effects structures included intercepts for participant and word
(i.e., item) with random slopes for Condition and Target Sound
over participant, and Condition and L1 over item (Barr et al.,
2013). Significance of variables in this as well as in all other lin-
ear mixed-effects models reported below were assessed by
means of Satterthwaite’s approximation for degrees of free-
dom using the ImerTest package (Kuznetsova, Brockhoff, &
Christensen, 2017).

The analysis of target fixations in eye-tracking experiments
is based on the findings that listeners’ fixations on visual refer-

ents reveal the extent an auditory input matches the mental
representation of a lexical entry (Allopenna et al., 1998;
Huettig et al., 2011). We therefore hypothesized that if Italian
learners of German have distinct mental representations of
the target sounds, they should fixate on the target pictures less
when presented with words starting with the substituted
sounds than when starting with the correct sounds to a similar
extent than native German listeners.

3.2. Results

Results are reported in Table 1 and illustrated in Fig. 3.
Results of the overall model on fixations between 300 and
800 ms after target onset revealed a significant effect of Con-
dition, indicating fewer looks to the target when the word was
presented with the incorrect segment, and an effect of L1,
which suggests fewer target fixations by the Italian learners
than the German listeners. In Fig. 3, the effect of Condition
can be seen when comparing the fixation curves for the correct
(light grey) and the substituted condition (dark grey), with the
former rising earlier. In the German listeners (left), this is true
for both /h/-items (targets with /h/ as intended initial segment,
top panels) and /?/-items (targets with /?/ as intended initial
segment, bottom panels). The difference between the lan-
guage groups can be seen comparing the fixation curves
between the left (German) and the right (ltalian) panels, with
overall fewer target fixations by the ltalian learners. L1 was
involved in two significant interactions, one with Target Sound
and one with Condition. The latter indicates that the effect of
Condition, fewer target fixations when the words were pre-
sented with the substituted segment, differed between the
two language groups. The interaction between L1 and Target
Sound suggests that, although overall no difference in fixation
proportions to /h/- and /?/-items was found, the proportion of
looks to /h/- and /?/-items differed between the two language
groups. All other factors and interactions did not reach
significance.

To further investigate the source of the interactions, follow-
up analyses with the same fixed factors as before were per-
formed separately for the two listener groups. These analyses
showed that for the German listeners, Condition was the only
factor that had a significant effect (bcongition = 2-35, SE = 0.30,
t=7.73, p<0.001; Dbintercept =4.94, SE=0.27, t=18.32,
p < 0.001). This suggests that Germans looked less at the tar-
get picture when presented with the replaced sound, but this

Table 1

Results of the mixed-effects model for the logOdds-transformed fixation proportions in the
critical time window between 300 and 800 ms, fitted with Condition (correct, substituted),
Target (/h/, /?/), L1 (German natives, Italian learners), and their interactions. The value b
refers to the fixed-effect estimate, SE to the Standard error, t to the t-value, and p to the
probability-value (see, e.g., Field et al., 2012, for more detailed discussions of mixed-
effects models).

Fixed effect b SE t P
Intercept 4.006 0.2054 19.506 <0.001
Target -0.215 0.3709 —0.579 =0.55
Condition 1.3466 0.2156 6.244 <0.001
L1 1.8739 0.2749 6.817 <0.001
L1:Target 0.9782 0.4214 2.321 <0.05
L1:Condition 1.9941 0.4121 4.838 <0.001
Target:Condition —0.637 0.4313 —1.477 =0.14
L1:Target:Condition —0.736 0.8244 —0.893 =0.37
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time window of analysis.

did not differ significantly between the target sounds (bra-
get=0.27, SE=0.43, t=0.62, p=0.54; brargetCondition = -
—0.096, SE=0.60, t=-1.63, p=0.11). Analyses of the
Italian learners revealed that there was no effect of Condition
(b, o, = 0.34, SE=0.33, t=1.04, p=0.30; bintercept = 3.06,
SE=0.24, t=12.58, p<0.001) or Target (brarget=—0.69,
SE =048, t=-1.44, p=0.15), and no interaction between
these two (bTarget:Condition =-0.23, SE=0.65 t=-0.36,
p =0.72). That is, unlike German listeners, Italians did not fix-
ate on the targets less when the word was presented with the
replaced segment. Note that these follow-up analyses do not
show a clear source for the interaction of L1 and Target that
emerged in the overall model. This interaction may be due to
a non-significant tendency that Italian listeners looked more
to pictures of /?/-items (fixation proportion for /?/-items:
60.0%; /h/-items: 57.3%) and a non-significant tendency for
more fixations on /h/-items in the German group (proportion
of fixation for /h/-items: 70.3%; for /?/-items: 68.6%). Since
we have no hypothesis for the source of this interaction, we will
not discuss it further.

3.3. Discussion

The implicit task tested to what extent Italian learners are
able to make use of the /h/-/?/ contrast in perception. Based
on the finding that a comparable group of learners substituted
both segments with one another in production, we tested to
what extent Italians would be slowed down by such exchanges
in perception in comparison with a control group of German
native listeners. This control group performed as expected;
the stimuli with exchanged segments led to slower word recog-
nition, and this effect did not differ between the two target
sounds. ltalian learners were overall slower in spoken-word

recognition than the native speakers, however, they were not
slowed down when presented with the incorrect pronunciation.
Or, from a different perspective, Italians did not have an advan-
tage when they heard the correct pronunciation. This indicates
that they cannot use the sounds in online processing of words
starting with these sounds.®

Overall, the performance of the Italian learners has to be
considered surprisingly “bad” given the relatively strong perfor-
mance on the production task. While in production, in 70% of
the cases, the learners produced the correct segment, an
exchange of /h/ and /?/ did not lead to a decrease in perfor-
mance in a word-recognition task.

4. Experiment 2b

Since the implicit perception task in Experiment 2a showed
that Italian learners of German are not affected by sound sub-
stitutions of /h/ and /2/, the question arises whether they would
perceive the difference between the two segments when
asked explicitly. This issue was addressed in an explicit good-
ness rating task that all participants completed right after hav-
ing finished the eye-tracking experiment. In this task,
participants heard all critical target words from the eye-
tracking task in minimal context and had to tell for each target
in both conditions (i.e., correct vs. with the critical sounds

5 We tested whether this may be due to strong interindividual differences in proficiency
in the sample. Table A.3 presents correlations of the experimental replacement effect per
individual with different scores from the language background questionnaire. Correlations
were generally low, and only one out of 12 correlations, the one with how often the
participants spoke German, was significant (at a p <0.05 level without correcting for
multiple comparisons). A scatterplot revealed that this correlation was driven by one outlier
with high leverage. Removing this outlier reduced the correlation strongly (r=—0.308,
p =0.199), but did not change the results of the analysis of the eye-tracking task.
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exchanged) how well it was pronounced. To indicate the iden-
tity of each word, the recordings were presented together with
the pictures of the targets. The prediction for the Italian learn-
ers was that if they perceive the difference between the two
sounds, they should rate words with the incorrect, substituted
segment as worse than words with the correct segment. Ger-
man listeners again served as a control group.

4.1. Method

4.1.1. Participants

The same participants as in Experiment 2a participated in
the explicit rating directly after having finished the eye-
tracking task.

4.1.2. Materials and design

In this task, only the critical items and no fillers were pre-
sented. To use exactly the same material as in the eye-
tracking task, the target words together with up to two words
of preceding context were spliced out of the carrier sentences
to be presented in isolation, so that listeners could better focus
on the words. The preceding context varied depending on the
sentence, such as seinen Handschuh (“his glove”) or den war-
men Anzug (“the warm suit”; see Appendix B.3 in which these
contexts are underlined). Note that providing some context
instead of presenting the target-word as a one-word utterance
is necessary, because the realization of the target segments
depends strongly on the context. Consequently, a pronuncia-
tion rating of only the target word by itself cannot provide valid
results.

During the task, each participant heard each item once with
the correct sound and once with the incorrect one, which
made a total of 160 trials. For each participant, a different
random order was generated and organized as follows: Each
participant first heard all words once before they were repeated.
In each such block, half of the words were presented with the
correct sound and half with the replaced segment for each
the /h/- and the /2/-items. In the second half, all words were pre-
sented in the respective other condition. Words in each half
were presented in a different random order for each participant.
The rating task took approximately 20 min to complete.

4.1.3. Procedure

The experiment software was the same as for the eye-
tracking experiment and participants performed the task at
the same computer, but without the eye-tracking device. Partic-
ipants were told that they would hear short parts (or phrases)
that had been isolated from sentences and see a correspond-
ing picture of the critical word. Their task was to rate how well
the depicted word (i.e., the word Handschuh “glove” for the
phrase seinen Handschuh “his glove”) was pronounced. For
each ftrial, the picture together with the scale appeared on
the screen, and after 1000 ms the sound started to play. Partic-
ipants had to indicate their rating by pressing a number from 1
to 7 on the keyboard. On the scale, 1 was labelled with sehr
schlecht (“very poorly”), 3 was labelled with schlecht (“poorly”),
5 gut (“well”) and 7 sehr gut (“very well”). After the key-press
and an additional of 200 ms, the next trial started automatically.

4.1.4. Analysis

Results were again analyzed with linear mixed-effects mod-
els using the Ime4 package (Bates et al., 2015) in R (Version
3.3.2, R Core Team, 2017) and the ImerTest package
(Kuznetsova et al., 2017) to assess the significance of vari-
ables. As for the eye-tracking task, words that were unknown
to participants were excluded. For this reason, 226 of 3200
items for the Italians (7.1%) were removed from the analysis.®
The dependent variable was the rating which was coded numer-
ically as a number from 1 to 7, where “1” indicated that the lis-
tener evaluated the presented word as very poorly
pronounced and “7” as very well pronounced, with 2 to 6 as
intermediate steps. One overall model was fitted with the fixed
factors L1 (coded as German = 0.5, ltalian = —0.5), Target (/h/
=0.5, /?2/=-0.5), Condition (correct segment= 0.5, replaced
segment = —0.5) and all interactions. The random-effects struc-
ture included intercepts for participant and word (i.e., item) with
random slopes for Condition and Target Sound over participant,
and Condition and L1 over item which amounts to the full ran-
dom effects structure, save for the exclusion of correlation
parameters between Condition and L1 (Barr et al., 2013).

4.2. Results

Results are given in Table 2. Fig. 4 shows the ratings given
by German listeners (left) and Italian learners (right) for the two
target sounds and different conditions. The white boxes illus-
trate ratings of words with the correct sounds and the grey
boxes ratings of words with the substituted sounds. As can
be seen from the figure, Italian learners rated the words with
a replaced segment as much better than the German listeners
did, but still worse than they rated the words with the correct
sound.

Statistical analyses of the overall model with all factors and
both listener groups revealed a significant effect of Condition,
with better ratings when the word was presented with the cor-
rect segment. Moreover, there was an effect of L1, confirming
that Italian learners rated the words overall significantly better
than German native listeners. These two factors were involved
in three significant interactions. First, the interaction between
Condition and L1 confirms that the difference between ratings
for the correct vs. replaced condition was larger in the Ger-
mans than in the ltalian learners. Second, the interaction
between Condition and Target indicates that the difference
between ratings for the correct vs. replaced condition differed
between the two target sounds. The third significant interaction
between L1 and Target Sound suggests that /h/-items were
rated differently from /2/-items, but this depended on the listen-
ers’ first language. However, the three-way interaction
between all three factors was not significant.

A follow-up analysis of the German listeners with the same
fixed factors as specified above revealed a significant effect of
Condition (bcongition = 4.64, SE =0.18, t=25.56, p <0.001;
Bintercept = 4.25, SE = 0.08, t = 53.86, p < 0.001), as in the over-
all model, and an effect of Target (brarget =0.10, SE = 0.05,
t=2.12, p < 0.05), with slightly better ratings for /h/-initial items.
The interaction between these two was not significant

® Note that in the explicit task, participants heard each word in both conditions, but only
in one condition in the eye-tracking task. Therefore, the number of removed words was the
same in both tasks (113), but twice as many items were removed in the rating task.
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Table 2

Results of the mixed-effects model with listeners’ ratings as dependent variable, fitted with
Condition (correct, substituted), Target (/h/, /?/), L1 (German natives, Italian learners), and
their interactions.

Fixed effect b SE t P
Intercept 4.85 0.10 49.88 <0.001
Target —0.04 0.08 -0.49 =0.65
Condition 2.79 0.19 14.36 <0.001
L1 -1.20 0.19 —6.42 <0.001
Target:Condition -0.15 0.06 —2.52 <0.05
Target:L1 0.28 0.1 241 <0.05
Condition:L1 3.71 0.39 9.58 <0.001
Target:Condition:L1 0.06 0.11 0.52 =0.51

(bcondition:Target = —0.13, SE=0.07, t=-1.81, p=0.08). An
analysis of ratings given by ltalian listeners revealed a signifi-
cant effect of Condition (bcongition = 0.93, SE =0.35, t=2.68,
P < 0.05; bintercept = 5.45, SE =0.18, t = 30.82, p < 0.001), con-
firming that they rated words with correct sounds as better than
words with incorrect, replaced segments. The effect of Target
failed to reach significance (brarget=—0.17, SE=0.13,
t=-135, p=0.18), but the interaction was significant
(brarget:condition = —0.19, SE=0.08, t=-2.29, p<0.05).
Follow-up analysis for both targets showed that there was an
effect of condition for both targets (/h/: b =0.85, SE =0.34,
t=2.46, p<0.05, /?2/: b=1.02, SE =0.36, t=2.85, p <0.05).
The substituted items were hence judged as less good, for
both target sounds, but this effect was slightly smaller if /h/
was replaced by a glottal stop than vice versa.

In order to compare these results from the explicit percep-
tion task with how well Italian learners produced these sounds,
an additional analysis was conducted on the results of the Ital-
ian learners' explicit ratings. Note, however, that different sets

of learners participated in the production and the perception
task, and only a group-wise comparison can be performed.
In order to compare results across the different tasks, the rat-
ing from the explicit perception task for each substituted form
was subtracted from the rating of the word in its correct form,
resulting in one value for each participant and each word. In
this analysis, we can simply count how often learners per-
ceived the correct pronunciation of a word as better than the
wrong one. Note that during the task, only one word was pre-
sented at a time, and participants had to rate only the pronun-
ciation of the current version. Their task was not to judge which
of two words was better or worse. If we henceforth report that
one version of a word was rated as better than the other, this is
what we compare in the additional analysis.

Overall, words in the substituted condition were rated worse
than words in the correct condition in 45% of the cases, they
were rated as better in 17% of the cases, and both were rated
as equally well in 38%. Looking at the two sounds separately, /
h/-items in the substituted condition (i.e., presented with a glot-
tal stop) were rated as better than in the correct version in
19%. This compares well to the production task, in which ltal-
ian learners substituted the glottal fricative with a glottal stop in
17% of the cases. /?/-items were rated as better in the substi-
tuted than in the correct condition in 15% of the cases. In the
production task, /?/-initial words were produced with a glottal
fricative in 11%.

4.3. Discussion

The explicit rating task tested whether the finding that Ital-
ians were not hindered in spoken-word recognition when pre-
sented with the incorrect segment was because they do not
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Fig. 4. Listeners’ ratings of /h/- and /2/-items on a scale from 1 (very poorly) to 7 (very well) in the correct (white boxes) and substituted (grey boxes) conditions for native listeners of
German (left) and Italian learners (right). Data points are aggregated over words. The long horizontal lines in the boxes indicate the median, dots and whiskers indicate means and
standard errors.
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perceive the difference between the two sounds. The German
listeners again served as a control group. As expected, they
rated words with the substituted segment as worse than with
the correct segment, and this was true for both targets. Inter-
estingly, there was a small difference between the targets with
worse ratings for /?/-items. Even though the interaction was not
significant, this difference was presumably due to worse rat-
ings for /?/- than /h/-items in the substituted condition. Not only
learners, but also native speakers are typically not aware of the
occurrence of /?/ in words that are orthographically vowel-
initial. Assuming that German listeners deem an orthographic
vowel-initial word as starting with a vowel and not /?/, as
implied by orthography, this finding may suggest that listeners
penalized a supposed ‘“insertion” of /h/ as worse than a /
h/-“deletion”. However, the difference is only subtle and is
much smaller than the effect of Condition.

Italian learners judged words that were pronounced with an
incorrect, substituted /h/ or /?/ as worse than when pro-
nounced with the correct segment, even though this difference
was smaller compared to the German listeners’ ratings (i.e.,
the interaction between Condition and L1). Despite the overall
effect of condition in the learners, an additional analysis
revealed that only in 45% of the cases, learners rated the cor-
rect version of a word as better than the substituted version.
This indicates that they did not consistently differentiate
between the two sounds (see also the overlap in Fig. 4 in
the Italian learners, but not the Germans). However, note that
this task, even if more explicit, is still more difficult than a sim-
ple AXB discrimination test, in which listeners focus only on
acoustic details and can directly compare the two stimuli in
sensory memory. In the current task, there were always inter-
vening stimuli between the correct and the substituted version
of a given target. Moreover, since no written information was
provided but the identity of the word was only indicated by
the picture, listeners additionally had to know which word
starts with which sound. This made the task more difficult,
compared to a purely acoustic test, which also can be seen
in the number of equal ratings for words in both conditions.

Overall, Experiment 2 shows that Italian learners can hear
the difference between /h/ and /?/ but are not able to use them
for word recognition. This raises the question how Italian learn-
ers represent words starting with these sounds in their mental
lexicon. The current results leave open two options. Either Ital-
ian learners’ representations of German /h/- and /?/-initial words
do simply not represent these sounds, or the representations
indicate that these words start with some glottal sound, but do
not specify whether this is /h/ or /?/. Experiment 3 investigates
this by presenting the words with the initial sound deleted
instead of exchanged. Analogously to Experiments 2a and 2b,
the perception of /h/- and /?/-initial words with the sounds pre-
sent vs. absent was tested in an implicit task in Experiment 3a
and in an explicit task in Experiment 3b. If Italian learners have
established a common category for these sounds, they should
be hindered by a deletion of an initial /h/ or /?/. If, however, the
words are represented as truly vowel-initial, the deletion of such
sounds, just as their substitution, should not matter for recogni-
tion. Crucially, if being aware of an L2 category matters for its
acquisition, Italians should be hindered more when the initial
/h/ is missing than when the /?/ is missing.

5. Experiment 3a
5.1. Method

5.1.1. Participants

For this experiment, 20 ltalian learners of German (five
males) participated for pay at the University of Munich, Ger-
many. All of the learners spoke ltalian as their only first lan-
guage and none had participated in the first perception
experiment. Four of them had participated in the production
experiment approximately 8 months earlier. These participants
were told that the present task was a different one to what they
had done before. The perception experiment was conducted in
a different building of the university. The lItalian learners were
aged between 20 and 37 (mean = 28.6, sd = 5.2). They started
learning German at a mean age of 19.4 (sd =7.6), ranging
from 6 to 35 years. Their mean age at the time when they
arrived in Germany was 26.0 years (sd = 4.3), with the young-
est at an age of 18. Even if some of the participants started
learning German already at school, before their arrival in Ger-
many no one had longer-term contact to German spoken by
native speakers. Whereas some of them were in Munich as
exchange students (n=9), others had their permanent resi-
dence in Munich. Like the participants in the previous experi-
ments they filled in the questionnaire on their use and self-
estimated proficiency in German. A summary of the self-
estimated skills in German and the self-estimated accent is
presented in Table A.1 in the Appendix.

5.1.2. Materials

The words and sentences were exactly the same as in
Experiment 2 (see Table B.3 in the Appendix). New recordings
were made with a different female native speaker of German.
This time, the critical segments were not replaced, but omitted,
to compare processing of conditions in which the segment is
present vs. absent. A different speaker was chosen because
the speaker of the items in Experiment 2 had problems in con-
sciously deleting /?/, and, instead of deleting /h/ often substi-
tuted it with a glottal stop or glottalization. As before, the filler
sentences were recorded at least once, and the critical sen-
tences at least three times. Of these, one production with the
critical segment and one production with the segment deleted
were spliced into a third production which served as carrier
sentence. This way, the two resulting sentences were identical
and differed only in whether the critical segment, /h/ or /2/, was
present or absent. The recordings were cut at negative zero-
crossings and after splicing, the duration of the preceding
nasal was adjusted. This was done because in some cases
in which the speaker omitted the initial sound for the absent
condition, she produced longer nasals than when the sound
was present. The authors made sure that, despite cross-
splicing and adjusting the duration of the nasal, the sentences
sounded natural and no audible artifacts remained. For the
sentences in which the segments were present, the target
onset was defined at the end of the nasal and the beginning
of frication for /h/ and at the start of aperiodicity or silence in
the signal for /?/ (see also Experiment 2a Materials). For sen-
tences in the deleted condition, the target onset was marked
at the end of the nasal.
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5.1.3. Design and procedure

The design and procedure of the task were exactly the
same as in Experiment 2a: Listeners heard 40 /h/-items, 40 /
?/-items, and 40 filler items, all embedded in the carrier sen-
tences described above (see Table B.3 in the Appendix). The
only difference with Experiment 2a was the manipulation of
the phonological realization of the targets, which made use
of deletion instead of substitution. Of the critical items, half
were presented with the segment present and the other half
with the segment absent, but each participant heard each word
in only one version.

5.1.4. Analysis

Analyses were run only on critical items. Words that were
unknown to participants as indicated in a questionnaire were
excluded. For this reason, 132 trials (8.3% of the data) were
excluded. Next, trials in which participants did not click on
the picture that corresponded the target were excluded reduc-
ing the dataset for another 4.6%.

For the remaining data, target fixations were analyzed, that
is, the logOdds-transformed target fixations on the quadrant
containing the target picture over the specified time window.
The time window was defined between 300 and 800 ms after
target onset, as in Experiment 2. Target fixations were ana-
lyzed as the dependent variable in a linear mixed-effects
model with Target Sound (contrast-coded as /h/=0.5, /?/=
-0.5), Condition (contrast-coded with correct segment present
= 0.5, and segment absent = —0.5), as fixed factors and all
interactions. The random-effects structures included intercepts
for participant and word (i.e., item) with random slopes for Con-
dition and Target Sound over participant, and Condition over
item which amounted to the full random effects structure
(Barr et al., 2013), save for the exclusion of correlation param-
eters between random effects. P-values are again reported as
provided by the ImerTest package (Kuznetsova et al., 2017).

5.2. Results

The proportion of target fixations are shown in Fig. 5 for
both target sounds; /h/ in the left panel and /?/ in the right
panel, and for the conditions in which the words were pre-
sented with the segment present (light grey) and in which the
segments were omitted (dark grey). Analyses on the critical
time-window between 300 and 800 ms revealed no significant
effect of Target Sound (brarget = —0.49, SE =0.52, t=—0.95,
P =0.35; bintercept = 2.88, SE =0.33, t=9.11, p <0.001). More-
over, there was no interaction with Condition (brarget:condi-
tion =0.82, SE=0.75, t=1.09, p=0.29), but a significant
main effect of Condition emerged (bcongition = 0.87, SE = 0.33,
t=2.65, p <0.05). Comparing the fixation curves for the differ-
ent conditions, it seems that this effect is especially due to the /
h/-items, as target fixations start to increase later when /h/ was
omitted than when it was present. The two lines illustrating tar-
get fixations for /?/-items, however, overlap mostly, and appear
to diverge only towards the end of the critical time window. This
suggests that Italian learners fixated less on the target when
the word they heard was produced without the critical seg-
ment, and this effect was especially seen in the /h/-items, that
is, when the glottal fricative was deleted. The interaction with
Target Sound did not reach significance, suggesting that the

effect is rather variable over participants.” Looking at the fixa-
tion proportions it seems that Italians are hindered in spoken
word recognition when the initial glottal stop is deleted, but
maybe to a lesser extent compared to a deleted /h/.

5.3. Discussion

Experiment 3a set out to test whether Italian learners may
have established a common representation of “a glottal
sound”, or alternatively whether they have not established
any new category for /h/ and /?/. This question was motivated
by the finding that even though lItalians heard the difference
between the two sounds (Experiment 2b), they did not process
them differently in spoken word recognition, as shown in
Experiment 2a. Our prediction was that if learners have estab-
lished any representation, they should look less at the target
when the word is presented with the segment missing. We
found that Italian learners are indeed sensitive to the deletion
of the critical sounds, as they looked less at the target when
the word was presented with the critical sound deleted. This
effect was numerically larger for the /h/-initial words, but not
significantly so. These findings together with Experiment 2a
suggest that learners’ representations of /h/- and /?/-initial
words are specified with a common category of an initial “glot-
tal sound”.

6. Experiment 3b

In order to test whether ltalian learners would perceive the
difference between words with the initial segments present
vs. absent when asked explicitly, the same type of task as in
Experiment 2b was administered, but this time words were pre-
sented with the critical segments present or absent. If learners
are able to perceive the difference between presence and
absence of the critical sound, they should rate words without
the segment as worse than with the (correct) segment present.
Moreover, if explicit knowledge about a sound category has an
impact on establishing a mental representation for an L2
sound, learners should rate words in which /h/ is missing as
worse than their correct form, and this difference should be lar-
ger than when /?/ is missing.

6.1. Method

6.1.1. Participants

The same participants as in Experiment 3a participated in
the explicit rating directly after having finished the eye-
tracking task.

6.1.2. Materials and design

Targets with a minimal preceding context were spliced out
of the sentences that were presented in the eye-tracking task.
Each participant was presented with each item twice, once
with the critical segment present and once with the segment
deleted, which made a total of 160 trials. The randomization
was applied as in Experiment 2b, so that each word was pre-

7 We again tested whether this the effect varies strongly over individuals. Table A.4 in
the appendix presents correlations of the experimental replacement effect per individual
with different scores from the questionnaire. Correlations were generally low and failed to
reach significance.
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Fig. 5. Fixation proportions on the targets (solid lines), competitors (dashed lines), and distractors (dotted lines) over time (in ms; 0 is target onset) for /h/-items (left) and /2/-items (right)
and in the correct condition (light grey lines) and if the critical segments were deleted (dark grey lines). The vertical lines indicate the time window of analysis.

sented with either the sound present or absent in the first half,
and a second time in the second half of the experiment in the
respective other condition.

6.1.3. Procedure

The design and procedure of the task were exactly the
same as in Experiment 2b: Participants had to indicate their
rating by pressing a number from 1 to 7 on the keyboard.
Again, “1” was labelled with sehr schlecht (very poorly), “3” with
schlecht (poorly), “5” with gut (well) and “7” with sehr gut (very
well). After key-press and an additional of 200 ms, the next trial
started.

6.1.4. Analysis

Words that were unknown to participants were removed,
which were 264 items (8.3% of the data). Ratings were ana-
lyzed using linear mixed-effects models with the full random
effects structure. The dependent variable was the rating given
for the word by the participants, which was coded numerically
as a number from 1 to 7, where “1” indicates that the listener
evaluated the presented word as very poorly pronounced
and “7” as very well pronounced, with 2 to 6 as intermediate
steps. A model was fitted with the fixed factors Target Sound
(/h/=0.5, [2/=-0.5), Condition (correct segment pre-
sent = 0.5, segment absent = —0.5), and their interaction. The
random-effect structures included intercepts for participant
and word (i.e., item) with random slopes for Condition and Tar-
get Sound over participant, and Condition over item (Barr et al.,
2013; i.e., within participant: Condition and Target Sound,
within item: Condition).

6.2. Results

Fig. 6 illustrates the ratings for words with the two target
sounds, and in the different conditions (white boxes for the
(correct) sound present, grey boxes with the critical sound
absent). Analyses revealed a significant effect of Condition
(bcondition = 0.76, SE=0.14, t=-5.40, p<0.001; binter
cept = 5.66, SE = 0.14, t = 41.43, p < 0.001), confirming that Ital-
ian learners of German rated words with the initial sounds
present as better than when the segments were omitted. More-
over, the effect of Target (brarget = —0.76, SE = 0.13, f = —5.85,

p <0.001) and the interaction between Condition and Target
were significant  (brarget:condition = 0.95, SE =0.26, t=3.73,
p <0.01). The effect of Target Sound indicates that overall, /
h/-items were rated as worse than /?/-items. The interaction
indicates that the difference between ratings with and without
initial segment was larger in /h/- than /?/- items, as can also
be seen in Fig. 6. Two follow-up analyses for the two target
sounds separately, with the same fixed factors as described
above revealed that, for /h/-items, there was a significant effect
of Condition (bcongition = 1.23, SE=0.26, t=4.75, p <0.001;
Bintercept = 5.28, SE =0.17, t=31.09, p <0.001). The effect of
Condition also reached significance in the analysis of the /?/-
items (bcondition = 0.28, SE=0.08, t=3.70, p<0.01; binter
cept = 6.05, SE =0.13, t = 46.29, p < 0.001), but, given the inter-
action, is significantly smaller than for /h/.

In order to calculate how often learners rated a given word
in the correct condition as better than when it was presented
with the critical sound deleted, for each participant and each
word, the rating of the word in the deleted condition was sub-
tracted from the rating given for the word when presented in
the correct version. Words with the correct segment present
were rated better than the words with the critical segment
deleted in 44% of the cases, they were rated as worse than
words with the segment absent in 14%, and both were rated
equally well in 42%. Analyzing the two target segments sepa-
rately revealed that /h/-items in the deleted condition were
rated as better than the word with the target sound present
in 11%, which compares to the production task in which ltalians
deleted the /h/ about 9%. Of the /?/-items, 16% were rated as
better in the deleted than in the correct condition. In the pro-
duction task, Italian learners deleted the glottal stop in 24%.

6.3. Discussion

The explicit rating task tested whether Italian learners would
hear the difference between words with the target segments
present compared to when they were deleted. Results showed
that learners indeed perceived the difference, as evidenced by
worse ratings for words in which the critical segment was
deleted. Even though there was still overlap of the ratings
(equal ratings for both versions in 42%), the effect of condition
could be observed for both segments. Moreover, the effect was
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Fig. 6. Listeners’ ratings of /h/- and /2/-items on a scale from 1 (very poorly) to 7 (very well) in the correct (white boxes) and deleted (grey boxes) conditions for the Italian learners. Data
points are aggregated over words. The long horizontal lines in the boxes indicate the median, dots and whiskers indicate means and standard errors.

stronger when the glottal fricative in /h/-items was absent,
which is in line with the findings in Mitterer and Reinisch
(2015) on native speakers of German that orthography affects
explicit judgments.

The knowledge that /h/- and /?/-initial words do not simply
start with a vowel is hence stronger for /h/. This may be due
to the fact that for words like Helm (“helmet”) both orthography
and formal training indicate that it is not a vowel-initial word.
This is not the case for words like Apfel (“apple”).

7. General discussion

The present study was based on two pillars. First of all, the
two glottal sounds in German, /h/ and /?/, form a sound con-
trast that may be difficult to acquire for learners with a
Romance L1 background. Second, there is a dearth of data
on L2 sound learning with two new L2 sounds that are unlike
any L1 sound categories. More specifically, we asked how well
German /h/ and /?/ are acquired by ltalian learners in percep-
tion and production, whether there is an advantage to acquire /
h/ due to its orthographic coding and explicit treatment in edu-
cation, and to what extent there are differences in explicit ver-
sus implicit perception tasks, also with regard to any
asymmetry in acquisition.

Experiment 1 focused on production and showed that the
sound pair is problematic, and it is especially so as a sound
contrast, that is, the two sounds are substituted hence

confused with one another. It was found that although Italian
learners performed relatively well overall, with 70% target-like
productions they were far from being near-native. Although /
h/ was overall produced correctly more often than /?/, the
majority of “vowel-initial” words were still appropriately pro-
duced with a glottal stop or glottalization. An analysis of Italian
speakers’ productions in their own L1 further showed that this
is due to acquisition and not transfer from the L1. In their L1,
the Italian learners produced vowel-initial words overwhelm-
ingly without glottalization. Regarding the two sounds as a con-
trast, Italian learners produced a sizeable number of
substitutions of these sounds — in both directions — suggesting
that they acquire them as similar.

Experiment 2 and 3 focused on perception and demon-
strated that Italian learners of German are hindered in spoken
word recognition when the initial /h/ or /?/ of a German word
was deleted (Experiment 3a). That is, the presence of the seg-
ments helped learners recognize the words, although neither
segment exists as a sound category in Italian. However, which
of the two sounds was present did not make any difference for
the learners (Experiment 2a), even though they were able to
differentiate them in an explicit task (Experiment 2b). This dis-
crepancy is in line with previous findings that learners perform
better when asked explicitly to differentiate sounds compared
to implicit tasks that test processing in more natural situations
(e.g., Diaz et al., 2012; White et al., 2017). Moreover, we
showed that being aware of the unfamiliar sound helps the
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learner establish a new L2 category, since /h/ overall seems to
be somewhat better acquired than /?/. This advantage for /h/
was evident in the rating results of Experiment 3b, in which
deleting /h/ led to a stronger reduction in pronunciation ratings
than the deletion of /?/. A similar numeric effect in the eye-
tracking data of Experiment 3a, however, was not significant,
showing that the advantage for /h/ is less pronounced in an
implicit word-recognition task than in an explicit rating task.

With regard to the relation of perception and production, the
results are somewhat surprising, given that the relatively high
number of 70% correct realizations stands in contrast to the
finding that sound substitutions did not hinder learners in spo-
ken word recognition in the implicit task in Experiment 2a.
Given that we sampled our groups of participants from the
same pool of learners (see Appendix A.1), this raises the ques-
tion whether the acquisition of /h/ and /?/ is a case in which pro-
duction precedes perception (e.g., Flege & Eefting, 1987;
Sheldon & Strange, 1982).

Despite the similarity in terms of overall L2 abilities of the
participants in the first two experiments, the results indicate
that production is in fact closer to the L1 target than perception.
There are at least two different explanations for this. First, the
discrepancy between the production task and the implicit per-
ception experiment with sound substitutions may be attributed
to the different types of tasks that put different demands on the
learner (Diaz et al., 2012). The eye-tracking task in Experiment
2a tested implicit online processing of spoken words. The pro-
duction task may trigger a more conscious speaking and listen-
ing mode, in a similar way as the explicit rating task. Even
though participants were not presented with written words in
the production task, they may have accessed orthographic
knowledge of the learned words and put more effort into pro-
ducing the correct sounds. This finding illustrates once again
the effect of task type which may trigger different paths to
access representations (Krieger-Redwood et al., 2013). One
could expect that in spontaneous speech, when learners are
not in a laboratory situation, they may perform slightly worse
than in the production task in the present study.

This explanation does, however, not straightforwardly
explain why participants perform better in the production task
than in the explicit perception task. One could assume that in
terms of explicitness, the production task in the present study
lies somewhere between the two perception tasks; yet partici-
pants produced the correct pronunciation in about 70% of the
cases but preferred the correct pronunciation in the rating task
in only about 40% of the cases. An alternative possibility then
is that, when learners can hear the difference between two
new L2 sounds, they can apply this knowledge more easily
in production than perception. That is, the better performance
in the production task reflects a truly better ability to acquire
discriminable speech sounds in production than in perception
(see also Flege & Eefting, 1987; Sheldon & Strange, 1982)
and cannot be explained by task differences.

However, it has to be noted that this concerns a pair of
sounds that are used in para-linguistic functions in lItalian, so
that learning new motor routines is not really necessary. As
reviewed in the Introduction, the glottal fricative is used in
laughing or sighing in ltalian. Glottalization can be produced
in initial position in vowel-initial words, but only in hyper-
articulated speech. In addition, glottalization can be used to

signal lexical stress. When speaking and hearing in an L2,
learners often transfer patterns from their L1 to the L2, thereby
using cues that may differ from how native speakers would typ-
ically speak (Bohn, 1995; Iverson et al., 2003; McAllister,
Flege, & Piske, 2002; Yamada, 1995). However, sourcing cues
from one’s L1 can also be beneficial. For instance, learners
have been shown to transfer their use of cues of a familiar con-
trast to an unfamiliar position in the word (Broersma, 2005) or
to reassign a familiar cue to a different function in the L2 (Eger
& Bohn, 2015). Parallel to that, the use of glottalization and
glottal stops in lItalian, while different from its use in German,
may nevertheless foster its acquisition, and a similar type of
transfer may be found for /h/. In contrast, we would expect that
articulatorily difficult sounds (such as apical trills) may be more
easily incorporated in perception than in production. Neverthe-
less, the current data indicate that the ability to distinguish two
new L2 speech sounds whose production routines are already
known from non-linguistic domains may be integrated more
efficiently in speech production than in perception. This would
also indicate that L2 perception and production, once sounds
are auditorily distinguished, may progress quite independently.

The second question was whether /h/ would be acquired
better than /?/, due to its orthographic coding and well-
documented influences of orthography on L2 acquisition
(Bassetti, 2017; Escudero et al., 2008; Mairano et al., 2018),
as well as the fact that /h/ tends to be covered during teaching
while /?/ is not. Some asymmetric patterns — even though not
always statistically significant — were found in the production
task in Experiment 1 and also in Experiment 3, in which we
tested deletion costs of word-initial /h/ and /?/. The fact that
some differences were found supports the available evidence
that L2 learning is open to orthographic influences, but such
influences may be small (Escudero, 2015). This is also the
case in the present study where, given the expected massive
a-priori advantage for /h/ over /?/, the differences that we found
were surprisingly small.

Despite these small advantages for /h/, it is noteworthy that
the acquisition of glottal stop does not lag far (if at all) behind.
On the contrary, /?/ was certainly not neglected, neither in pro-
duction nor in perception, even though there is no prevalent
use of glottalization before word-initial vowels in Italian — as
also evidenced in the present production task. Considering
that speakers typically do not even have a notion of this sound,
this finding is noteworthy. This is even more so, since the liter-
ature indicates that the sensitive period for language learning
may end earliest for phonetic and phonological aspects of lan-
guage learning (Pallier, Bosch, & Sebastian-Gallés, 1997). Our
data show that learners are nevertheless still able to acquire a
new sound without explicit instruction. Part of this success may
be attributed to the fact that glottalization is used in Italian, but
in a different function, as argued above. Additionally, the learn-
ers in the present study had everyday contact to German spo-
ken by native speakers, and were hence passively exposed to
productions of the glottal stop in “vowel-initial” words. Specu-
lating about teaching, the results indicate that it may not be
necessary to make the glottal stop a subject of discussion in
language lessons. Given the advantage for /h/ especially in
explicit tasks, introducing the glottal stop as a topic may help
mainly in tasks in which learners can retrieve explicit knowl-
edge. For language use and processing in more natural situa-
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tions, it may be rather important to provide learners with more
native speaker input.

However, since glottalization and breathy sound quality (in /
h/) are not contrastive in Italian, the glottal stop is not fully dif-
ferentiated from /h/ in the learners’ lexicon. Therefore, learners
were not hindered in spoken-word recognition when the
sounds were substituted, they did not differentiate them in all
cases in the explicit tasks, and they confused them in produc-
tion, which never happened for the German control group. This
remaining overlap between the categories may further be
enhanced by hearing inaccurate productions of Italian learners
of German, including their own (Eger & Reinisch, 2019).

Our third question was whether, in perception, there is a dif-
ference in performance between explicit and implicit tasks.
This was certainly the case. For word recognition, learners
did not make use of the /h/-/?/ distinction (Experiment 2a),
even though they were able to make use of the difference in
the explicit task (Experiment 2b). As such, the current data
reinforce previous findings that L2 perception of new sounds
may dissociate the phonetic and lexical levels (Diaz et al.,
2012), so that auditory discrimination does not automatically
translate to use for lexical processing. Moreover, in Experiment
3, the explicit task revealed a significant preference for /h/,
while the implicit task did not. This aligns with data from Ger-
man native speakers that explicit tasks are more likely to elicit
orthographic effects (Mitterer & Reinisch, 2015).

However, the data also differ from the findings in Mitterer
and Reinisch (2015) by revealing at least a numeric tendency
for a preference for /h/ in the eye-tracking data of Experiment
3a. It is important to consider that the population investigated
differed between the two studies. In the previous study, only
native speakers were tested, and it can be expected that they
already had well-defined, separate mental representations of
the critical sounds. Whether an L1 sound is indicated by a let-
ter or not, as in the case for /h/ vs. /?/, did not make a difference
for online processing. Italian learners, by contrast, presumably
did not have a well-defined representation of these two sounds
when they started learning German, as none of these seg-
ments is used as a speech sound in Italian. The different status
of these two sounds, including the orthographic coding and
thus awareness of /h/ but not /?/, may shape the formation of
a representation of new categories when learning German.
The resulting representation may then mediate the effect on
processing for L2 learners, rather than being due to an online
influence of orthography in processing.

Overall, these data indicate how a sound contrast that is
completely unlike the categories of the L1 can be learnt. Our
data concur with the classic finding that such sound contrasts
can be distinguished at an auditory level (Best et al., 1988),
given that listeners were sensitive to the difference in the expli-
cit rating task. Our data additionally suggest that this auditory
sensitivity may be utilized to guide production before it is used
to guide spoken-word recognition.

It is worthwhile to consider the implications of these results
for the phonological status of /?/ in German. Our data indicate
that Italian learners of German tend to confuse /h/ and /?/ in
German (since in addition to being sometimes deleted by
learners they are substituted with each other though not with
other phonemes of German). This contrasts with classical
phonological treatments, which view /h/ and /?/ as completely

different entities, one as a phoneme of the language, and the
other as an epenthetic segment (Kohler, 1995; Wiese, 1996).
However, this categorical difference at the phonological level
is clearly not apparent in the language, otherwise, Italian learn-
ers should have acquired the sounds rather differently and not
treat them as confusing. This in turn, questions the rationale to
treat /h/ and /?/ as two completely different entities in the
phonology of German.

Summing up the present study, we found that Italian learn-
ers of German can perceptually differentiate two sounds that
do not exist in their L1 when asked explicitly, but at the same
time they have difficulties to differentiate them in online-
processing of speech. When the segments are absent, listen-
ers are hindered in spoken word recognition, but this effect
depends on the status of the segment, that is, whether listen-
ers are aware of the existence of this sound. In production,
learners realized both sounds correctly in most cases, but
did not reach a native-like level. Regarding our question of
how two unfamiliar sounds that have no clear counterpart in
the L1 may be acquired and represented, the results suggest
that learners acquire them differently in perception and produc-
tion. In perception, they can discriminate the sounds at an
auditory level, but this ability is not easily integrated into lexical
processing. Instead, learners seem to establish one new cate-
gory onto which they map both sounds, with /h/ being more
dominant in the current case. In production, they are better
able to make use of the ability to discriminate the sounds
and are closer to the native level than in perception.
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Appendix A

Participant information from the questionnaire and relation
to experimental effects

Table A1

Selected questions from the language background questionnaire: Length of residence in
months (LoR), self-reported frequency of speaking (Spk frq) and listening German (Lis frq),
self-estimated proficiency in speaking (Spk prof) and listening German (Lis prof), and self-
estimated accent in German (Accent). The questions on self-reported frequency and self-
estimated proficiency could be answered on a seven-point scale, with 1 indicating frequent
use, good skills, or weak accent, and 7 indicating infrequent use, poor skills, or strong
accent, respectively. The values are reported in means and standard deviations (in
brackets).

Group/task LoR Spk frq  Lis frq Spk prof  Lis prof  Accent

Experiment 1 39.5(37.3) 2.8(1.4) 2.3(1.3) 3.8(1.3) 25(1.1) 5.2(1.2)

Experiments ~ 25.3(23.0) 2.7(1.6) 1.9(1.1) 3.4(1.0) 3(1.3) 5.4(1.3)
2ab

Experiments  33.2(26.7) 2.9(1.6) 2.2(1.2) 3.8(1.3) 27(1.1) 5.6(1.1)
3ab




20

Table A2

N.A. Eger et al./Journal of Phonetics 77 (2019) 100917

Regions of origin of Italian participants in the three experiments. The numbers indicate how
many participants were from the respective region, the numbers in brackets report how
many of them indicated that they spoke a local variety in addition to Standard Italian. The
three regions of Italy where no participants came from (Toscana/Tuscany, Umbria, Valle
d’Aosta/Aosta Valley) are not listed. People from Tuscany were specifically not included
(see text for details). There are indications that the two target sounds are used in
allophonic form also in dialects in Sardinia (Virdis, 1978) and Calabria (Fanciullo, 2002).
Therefore, the statistical analyses were rerun without the participant from Sardinia in
Experiment 1, and without the two participants from Calabria in Experiment 2 and 3, one in

each respectively. Notably, the significant effects did not change.

Region Experiment 1  Experiments 2a,b  Experiments 3a,b
Abruzzi 1(1) - -
Basilicata 2(2) 1(1) 1(1)
Calabria - 1(0) 1(1)
Campania 1( 1(0) 3(2)
Emilia-Romagna 1( - -
Friuli-Venezia Giulia - 1(1) -
Lazio 1( 2(0) 1(0)
Liguria 1( - -
Lombardia (Lombardy)  1( 2(0) 3(1)
Marche - - 1(0)
Molise - 2(2) -
Piemonte (Piedmont) - 2(2) 2(1)
Puglia (Apulia) - 3(2) 1(1)
Sardegna (Sardinia) 1(1) - -
Sicilia (Sicily) - 1(1) 2(2)
Trentino-Alto Adige 2(1 1(0) 3(1)
Veneto 2(2 3(1) 2(2)
Sum 13(8) 20(10) 20(12)
Table A3

Correlations and uncorrected p-values with the main experimental manipulation (correct vs
replaced pronunciation of /h/ and /?/ words) with variables from the questionnaire in
Experiment 2a. The composite score of the oral aspects (last row) is the mean of the 5

aspects reported in Table A.1.

Variable r (with experimental effect) p

Length of Residence —0.055 0.816
Speaking frequency —0.452 0.045
Writing frequency 0.006 0.979
Listening frequency —0.056 0.814
Reading frequency 0.015 0.951
Self-Evaluation accent 0.243 0.301
Self-Evaluation speaking —0.034 0.887
Self-Evaluation listening —0.335 0.149
Self-Evaluation writing —0.071 0.767
Self-Evaluation reading 0.053 0.825
Self-Evaluation overall -0.114 0.632
Composite Score Oral Aspects —0.074 0.758

Table A4

Correlations and uncorrected p-values with the main experimental manipulation (correct vs
replaced pronunciation of /h/ and /?/ words) with variables from the questionnaire in
Experiment 3a. The composite score of the oral aspects (last row) is the mean of the 5

aspects reported in Table A.1.

Variable r (with experimental effect) P

Length of Residence —-0.271 0.248
Speaking frequency 0.112 0.640
Writing frequency 0.253 0.282
Listening frequency 0.015 0.948
Reading frequency 0.284 0.225
Self-Evaluation accent —0.131 0.581
Self-Evaluation speaking -0.121 0.612
Self-Evaluation listening —0.164 0.490
Self-Evaluation writing —0.035 0.882
Self-Evaluation reading —0.085 0.721
Self-Evaluation overall 0.004 0.986
Composite Score Oral Aspects —0.082 0.730

Appendix B
Materials
Table B1
Target words used in the production task of the
German sentences. These words were in plural and
preceded by one of the numbers neun, zehn (“nine,
ten”) for the nasal, and zwei, drei (“two, three”) for the
vowel context.
/h/-initial words [?/-initial words
Hafen harbor Adler eagle
Hahnchen chicken Ampel traffic light
Hai shark Apfel apple
Hamburger burger Aprikose apricot
Hammer hammer Arzt doctor
Hamster hamster Ausgang exit
Hand hand Auto car
Handschuh glove Avokado avocado
Handtuch towel Ei egg
Handy mobile phone Elefant elephant
Hase hare Engel angel
Haus house Ente duck
Heft booklet Erdbeere strawberry
Helm helmet Esel donkey
Hemd shirt Eule ow/
Herz heart Indianer Indian
Himbeere raspberry Insel island
Hose pants Ohrring earring
Hund dog Olive olive
Hut hat Uhr watch
Table B2

Target words used in the production task of the Italian sentences. Only
native speakers of ltalian participated in this task. For the nasal
context, target words of masculine gender in singular were preceded
by the word buon (“good”). For the vowel context, target words of
masculine or feminine gender in plural were preceded by a form of
buono (“good”) or bello (“nice/beautiful”), so that the adjective always

ended in /il or /[el.

Vowel-initial words preceding
nasal context

Vowel-initial words preceding
vowel context

Buon abito good dress
Buon aceto good vinegar
Buon ago good needle
Buon anello good ring
Buon angelo good angel
Buon arbitro good arbitrator

Buon armadio good
cupboard

Buon artista good artist

Buon asciugamano good
towel

Buon attore good actor

Buon avocado good avocado

Buon opuscolo good
brochure

Buon elmo good helmet

Buon investigatore good
detective

Buon ombrello good umbrella

Buon orecchino good earring

Buon orologio good watch

Buon olio good oil

Buon imbuto good funnel

Buon insegnante good
teacher

Buoni abiti good dresses
Begli agnelli nice lambs
Buoni aghi good needles
Begli anelli nice rings

Begli angeli nice angels
Buone infermiere good
nurses

Buoni armadi good
cupboards

Begli alberi nice trees

Begli asciugamani nice
towels

Begli attori nice actors

Begli avocado nice avocados
Begli elefanti nice elephants

Begli elmi nice helmets
Buoni investigatori good
detectives

Begli ombrelli nice umbrellas
Begli orecchini nice earrings
Begli orologi nice watches
Begli orsi nice bears

Belle isole nice islands

Begli uccelli nice birds
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Table B3

Sentences used in eye-tracking Experiment 2a and 3a. Target words are in italics. All
participants were presented all sentences from both list A and list B, but sentences in one
of the two lists were presented in the substituted (Experiment 2a) or deleted (Experiment
3a) condition, and the respective other sentences in the correct version. Which list was
presented in the correct condition was counterbalanced between participants. All words
were presented with minimal context (underlined) in the rating tasks Experiment 2b and 3b
in both conditions.

/h/-initial words in list A

Auf der Pizza mag sie am liebsten Hackfleisch.
On the pizza, she likes minced meat best.

Im Restaurant isst er gern Héhnchen.
At the restaurant, he likes to eat chicken.

Es wurde eiskalt nach dem vielen Hagel.
It became freezing after the heavy hail.

Ben Uberraschte seine Frau mit einer selbstgemachten Halskette.
Ben surprised his wife with a self-made necklace.

In seinem Rucksack hat Guinter immer einen Hammer.
In his backpack Gunter always has a hammer.

Zum Geburtstag bekam sie einen Hamster.
For her birthday, she was given a hamster.

Er gab ihr seinen Handschuh.
He gave her his glove.

Die Kinder spielen im Haus.
The children are playing in the house.

An der Wand hangt ein Bild mit einem Heiligen.
On the wall, there hangs a picture of a saint.

Gestern trug die Lehrerin einen Helm.
Yesterday the teacher wore a helmet.

Mama kauft immer die teuren Hemden.
Mom always buys the expensive shirts.

Urlaub hat sie erst im Herbst.
She has holiday only in autumn.

Katrin mag das Rezept mit den Himbeeren.
Katrin likes the recipe with the raspberries.

Er wirft den Ball in den Himmel.
He throws the ball into the sky.

Er ist genervt von der anhaltenden Hitze.
He is annoyed by the continuing heat.

Diese Tiere leben in den Hoéhlen.
These animals live in caves.

Das Gerlist machen sie aus teurem Holz.
They make the scaffold from expensive wood.

Zum Zentrum muss man nur vorbei an den Hiigeln.
To get to the center you just have to pass the hills.

Die Camper Ubernachteten in Hiitten.
The campers spent the night in cottages.

Das war ein Mann mit einem komischen Hut.
This was a man with a strange hat.

/h/-initial words in list B

lhr Freund hat kaum Haare.
Her friend has hardly any hair.

Der Verein feierte damals viele Feste in der alten Halle.
At that time, the club celebrated many festivals in the old hall.

Sie hat starke Schmerzen im Hals.
She feels severe pain in her throat.

Sie verkaufen viel Bier bei den Haltestellen.
They sell a lot of beer at the bus stops.

Durch die Arbeit hat sie Schmerzen in den Hénden.

Because of her work she suffers pain in her hands.

Jetzt liegt Tim auf dem Handtuch.
Now Tim is lying on the towel.

Es gibt immer technische Probleme mit dem Handy.
There are always technical problems with the mobile phone.

Max hort gern das Lied mit den Harfen.
Max likes to hear the song with the harps.

Besonders suf} sind die kleinen Hasen.
The little hares are particularly cute.

Der Lehrer erzahlte uns von dem beriihmten Heer.
The teacher told us about the famous army.

Das Wohnzimmer ist viel gemutlicher mit der neuen Heizung.
The living-room is much more comfortable with the new heating.

Jakob steht gerne am Herd.
Jakob likes to stand at the stove.

Toni mag das Spiel mit den Herzen.
Toni likes the game with the hearts.

Er feiert morgen Hochzeit.
He is celebrating his wedding tomorrow.

Abends isst er vor allem Honig.
In the evening, he mainly eats honey.

Man erkennt das Tier an den farbigen Hérnern.
You recognize the animal by the colored horns.

Sie tragt im Sommer am liebsten Hosen.
In summer, she prefers to wear pants.

Beim Tanzen hat sie Schmerzen in den Hiiften.
When dancing, she feels pain in her hips.

Die Madchen spielen mit den schénen Hunden.
The girls are playing with the beautiful dogs.

Das Kind spielt mit der neuen Hupe.
The child is playing with the new horn.

[?/-initial words in list A

Tom tragt den schweren Abfall runter.
Tom carries down the heavy garbage.

Im Dschungel sieht er einen Adler.
In the jungle, he views an eagle.

Zum Reinigen nimmt Miriam Alkohol.
For cleaning, Miriam uses alcohol.

Es gibt oft Probleme mit den Antennen.
There are often problems with the antennas.

Am Nachmittag isst er einen Apfel.
In the afternoon, he eats an apple.

Zum Fruhstlick isst sie am liebsten Aprikosen.
For breakfast, she prefers to eat apricots.

Abends hat sie manchmal Schmerzen in den Armen.
In the evening, she sometimes suffers pain in her arms.

Heute trifft er zum ersten Mal einen echten Arzt.
Today he will meet a real doctor for the first time.

Er hatte nie den Berufswunsch, ein Astronaut zu sein.
He never wanted to become an astronaut.

Manchmal hat er Schmerzen im Auge.
Sometimes, he suffers pain in his eye.

Tobis Lieblingscocktail ist der mit den Avokados.
Tobi’s favorite cocktail is the one with the avocados.

Sie wartet vor dem Eingang.
She is waiting in front of the entrance.

Abends mag er vor allem Eis.
In the evening, he mainly likes ice cream.

(continued on next page)
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Das Kinderbuch handelt von einem Engel.
The children’s book is about an angel.

Auf dem Bauernhof mag der Junge besonders die kleinen Esel.
On the farm, the little boy particularly likes the little donkeys.

Wir nehmen ein bisschen von dem guten (o)}
We take a some of the good oil.

Am Abend isst sie gern Orangen.
In the evening, she likes to eat oranges.

Der Koch braucht unbedingt einen neuen Ordner.
The cook really needs a new folder.

Im Sommer fahrt sie gern Ubahn.
In summer, she likes to go by metro.

Er sieht gut aus in der neuen Uniform.
He looks good in the new uniform.

/?/-initial words in list B

Im Dschungel sieht der Tourist einen groRen Affen.
In the jungle, the tourist views a big ape.

Papa fahrt bis zur groRen Ampel.
Dad drives to the big traffic lights.

Zum Salat mag er gern Ananas.
He likes pineapple in his salad.

Vater tragt gern den warmen Anzug.
Father likes to wear the warm suit.

Der Junge reicht seinem Vater den Aschenbecher.
The boy passes his father the ashtray.

Sie hat jetzt einen neuen Ausweis.
Now she has got a new identity card.

Im Frihling machte Paul eine Tour mit seinem Auto.
In the spring, Paul went on a tour in his car.

Vor dem Sport isst er gern Eier.
Before the sport, he likes to eat eggs.

Da ist ein Loch im Eimer.
There is a hole in the bucket.

Auf dem Bauernhof gefallen ihm die vielen Enten.
On the farm, he likes the many ducks.

In Deutschland isst Clara immer die guten Erdbeeren.
In Germany, Clara always eats the good strawberries.

Das Kinderbuch handelt von einem Eskimo.
The children’s book is about an Eskimo.

Claudia bringt immer einen guten Essig mit.
Claudia always brings a good vinegar.

Am liebsten mag er die kleinen Eulen.
He likes the little owls best.

Morgens isst er am liebsten Obst.
In the morning, he prefers to eat fruit.

Der Schinken ist im Ofen.
The bacon is in the oven.

Sie hat manchmal Schmerzen im Ohr.
Sometimes, she feels pain in her ear.

Tanja ist gern Oma.
Tanja enjoys being a granny.

An der Ecke sieht sie den Opa stehen.
She views her grandpa standing at the corner.

Susanne liebt den groRen Ozean.
Susanne loves the great ocean.
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Appendix C. Pretest DATA

Table C

Means and standard deviations (in brackets) of ratings given in the online pretest for all
sentences used in the perception tasks. Values are shown for target and competitor words
for the critical items /h/ and /2/ in the two lists A and B, as well as for the filler sentences. In
the pretest, sentences and words were presented in written form, and answers could be
given on a five-point scale where 1 indicates that the word fits “very well” to the sentence
and 5 means that the word “does not fit at all”. Note that this coding is in line with the
German marking system, in which the “1” is the best achievable mark and a “5” is a fail.
Standard deviations indicate variability over the different sentences in the respective
condition (see paragraph Pretest in Experiment 2 for details).

List Target word Competitor word

h A 2.16 (0.75) 1.47 (0.36)

/h/' B 2.24 (0.75) 1.54 (0.46)

A 2.21(0.81) 1.51 (0.44)

7/ B 2.17 (0.77) 1.40 (0.45)

fillers 1.20 (0.13) 2.62 (0.80)
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