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Abstract
Second language (L2) learners often speak with a strong accent, which can make them difficult to
understand. However, familiarity with an accent enhances intelligibility. We propose that L2 learners
are even more familiar with their own accented speech patterns and may thus understand selfproduced L2 words better than others' accented productions, presumably due to adaptation. This
hypothesis was tested by asking German learners of English to identify English words from minimal
pairs that are distinguished by difficult L2 sound contrasts. Words had been spoken by the learners
themselves or other learners who produced the contrasts equally well. Self-produced words were
identified significantly better than others' productions. A second experiment revealed that better
producers can exploit acoustic cues in perception more than poor producers, especially when the
produced acoustic cues to the minimal pairs were clearly differentiated. The self-benefit, however,
did not depend on production skills. We conclude that L2 learners adapt not only to their L1 accent in
general but also to their own specific speech patterns. Speculating about L2 acquisition more
generally, these results may raise the question whether adaptation to own, accented productions
may be one reason why learners have difficulties to improve their pronunciation, since they may not
notice a need to improve.

Keywords: Spoken-word recognition; Second language learning; Non-native sound contrasts; Ownvoice perception; Foreign accent
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The impact of one’s own voice and production skills on word recognition
in a second language

Learning a new language brings along many challenges. Even learners who have been using a second
language (L2) for a very long time often retain a perceptible foreign accent in their L2 pronunciation.
That is, their production of sounds and prosodic characteristics of the second language differs from
how native speakers of that language would typically produce them. Interestingly, L2 learners are
often well aware that their fellow learners (e.g., in the classroom) speak with a strong accent.
Anecdotal evidence comes from the many jokes about learners’ failure to produce certain sounds
correctly (e.g., a German sailor saying “[s]ink positive”). However, given this awareness of others’
errors, the question arises as to why listeners would not (always) be able to use that kind of
information to improve their own accent.
One possible reason for this failure may be because L2 learners are highly familiar with their own
accents. Familiarity with foreign-accented speech in general is beneficial to understanding the
accent. The other side of the coin to also better understanding one's own accent, however, may be
reduced awareness of one's own errors. In the present study, we test the part of this suggestion that
L2 learners understand their own speech better than the speech of other L2 learners, presumably as
a consequence of greater experience with and exposure to “self” speech compared to “other”
speech. This seems plausible since the perception of others has been shown to differ in several
aspects from the perception of oneself. Differences in the perception of self vs. others have been
shown with regard to face recognition (see e.g., Devue & Brédart, 2011, for an overview), body (e.g.,
Ionta, Gassert, & Blanke, 2011), odor (e.g., Platek, Burch, & Gallup, 2001), and, importantly, voice
and word recognition (e.g., Douglas & Gibbins, 1983; Schuerman, Meyer, & McQueen, 2015; Shuster,
1998; Xu, Homae, Hashimoto, & Hagiwara, 2013).
The sound of our voice that we are used to hearing while speaking differs from the sound we hear on
a recording. This is due to the different routes via which the sound is conducted: air vs. air and bone
(Shuster & Durrant, 2003). However, people have been shown to be good at recognizing their own
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voice on recordings and differentiate it from unfamiliar voices as indicated by a variety of behavioral
and physiological measures (Aruffo & Shore, 2012; Douglas & Gibbins, 1983; Graux, Gomot, Roux,
Bonnet-Brilhault, Camus, & Bruneau, 2013). Graux and colleagues, for example, used event-related
potentials (ERPs) to show that neural processes involved in discriminating one’s own voice from
others’ voices differs from processes involved in the discrimination of two unknown voices. It
appeared that brain activity pertaining to attentional processing was reduced when listening to one's
own voice relative to others’ voices. Xu and colleagues (2013) showed that speakers were
significantly better at identifying their own voice than voices of other, familiar speakers. This effect
was especially strong in difficult listening conditions, where the recordings were filtered so that only
frequencies above 2000Hz were available (Xu et al. 2013). This benefit was explained by richer and
more stable self-representations that could result from higher auditory familiarity with one’s own
voice relative to others’ voices, and from strong associations with motor/articulatory
representations. In line with this account, Shuster (1998) found that children with a phonological
disorder accepted recordings of their own words as correctly produced more frequently than words
with similar errors that were uttered by other children. That is, children recognized their own errors
less often than others’ errors. Shuster (1998) argued that this lower awareness of self-produced
errors resulted from the experience the children had with their own, erroneous productions that
eventually might have led to imprecise representations and hence imprecise perception and
articulation models (see also Strömbergsson, Wengelin, & House, 2014).
“Unusual” pronunciation is common not only in the field of phonological impairments but also in the
field of second language learning, where learners often retain a foreign accent. L2 acquisition models
such as the Speech Learning Model (SLM, Flege, 1995) propose that foreign accents can be explained
through sound similarities between the learners’ first and second language (in addition to
developmental and social factors)1. The general idea is that L2 sounds are perceived through a
native-language (L1) filter. That is, L2 sounds that do not occur in a learner's first language are
preferentially interpreted as the closest native category. In other words, second language learners
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are (at least initially) bad perceivers and this has repercussions on their productions in the second
language where similar assimilation processes take place.
The perception and production of an unfamiliar sound contrast in the L2 is especially difficult if both
sounds are mapped onto a single native category. The English vowel contrast /ε/ – /æ/, for instance,
challenges learners whose first language is Dutch or German (e.g., Bohn & Flege, 1992; Broersma,
2012; Eger & Reinisch, in press; Escudero, Hayes-Harb, & Mitterer, 2008; Llompart & Reinisch, 2017;
for learners of other L1’s see e.g., Flege, Bohn, & Jang, 1997; Ingram & Park, 1997; Tsukada, Birdsong,
Bialystok, Mack, Sung, & Flege, 2005). For learners of both languages, one of the sounds, /ε/ (as in
bet), is familiar as it sounds similar to their native unrounded front open-mid vowel. Using their
native substitute for this sound usually results in acceptable productions as perceived by native
English listeners. It is hence an “easy” sound to acquire. However, the more open /æ/ (as it occurs in
bat) does not occur in either German or Dutch and is difficult to acquire, therefore it is frequently
substituted with the nearest L1 sound /ε/. To native listeners the learners’ intended /æ/ hence
sounds accented or simply “wrong” because to them it does not sound like the intended category.
Other problematic contrasts for learners of English are voicing contrasts in word-final obstruents.
Although German does have voicing contrasts in word-initial and medial obstruents, in word-final
position all obstruents are devoiced and this process of devoicing is transferred to L2 English (Smith,
Hayes-Harb, Bruss, & Harker, 2009; for learners of other L1's see e.g., Broersma, 2005, 2010; Cebrian,
2000; Cho & McQueen, 2006; Flege, Munro, & Skelton, 1992; Hayes-Harb, Smith, Bent, & Bradlow,
2008; Weber, Broersma, & Aoyagi, 2011; Xie & Fowler, 2013).
Critically, whatever sound contrast should be produced, for native and non-native speakers, there is
usually more than one way to signal the contrast by using a combination of different cues. The wordfinal voicing contrast in English stops, for instance, is signaled by the duration of the preceding vowel,
closure duration, duration of the burst/aspiration as well as voicing during the closure (Barry, 1979;
Port & Dalby, 1982; Wright, 2004). One central observation when looking at such difficult but
lexically relevant contrasts in second language learning is that even if a difficult contrast is not
neutralized by the L2 learner, this does not necessarily mean that it is maintained in a native-like
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manner, neither in production nor in perception. Instead, the cues that L2 learners produce to
indicate a difficult L2 contrast might be less differentiated and/or different from native cues. Similar
differences for the use of cues can also be found in perception. In many cases, learners transfer their
habitual use of cues from the native language to the target language, even if these cues are only
secondary or irrelevant in the L2 (e.g., Bohn, 1995; Iverson, Kuhl, Akahane-Yamada, Diesch, Tohkura,
Kettermann, & Siebert, 2003; Levy & Law II, 2010; McAllister, Flege, & Piske, 2002). Importantly, it
has been demonstrated that patterns of transfer may be even learner-specific (Schertz, Cho, Lotto, &
Warner, 2015, 2016; Smith & Hayes-Harb, 2011) and/or differ between perception and production
(Eger & Bohn, 2015; Kartushina & Frauenfelder, 2014; Kassaian, 2011; Schertz et al. 2015).
Given this influence of the learners’ first language sound patterns on their accent, it has been
suggested that other non-native speakers of a target language are often as good or even better at
perceiving accented speech than native speakers of the target language (Imai, Flege, & Walley, 2003;
Munro, Derwing, & Morton, 2006), specifically when listeners and speakers share the same native
language (Bent & Bradlow, 2003). This advantage has been termed the matched interlanguage
intelligibility benefit and has been argued to result from shared knowledge about the phonetics of
the first language (Bent & Bradlow, 2003, see also, Hayes-Harb et al. 2008). It may also result from
incorrect perception such that L2 learners who perceive L2 speech through the perceptual filter of
their native language don’t suffer from mismatches if the accented production (at least partially)
matches the L1 filter. This possibility seems likely given that the interlanguage intelligibility benefit
has mainly been found for learners at low levels of proficiency, that is, when low-proficiency learners
listen to utterances produced by other low-proficiency speakers of the L2 (Hayes-Harb et al. 2008;
Pinet, Iverson, & Huckvale, 2011; van Wijngaarden, Steeneken, & Houtgast, 2002; Xie & Fowler,
2013).
In addition to this L1-filtered perception, L2 learners, especially those who learn their L2 in a
classroom in their home country, have ample exposure to accented speech, for instance, from their
fellow learners and often even from the teacher. A large body of research has shown that native
listeners are able to quickly adapt to or tune in to non-native speech, such that with experience
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accented speech becomes easier to understand (e.g., Bradlow & Bent, 2008; Clarke & Garrett, 2004;
Reinisch & Weber, 2012; Sidaras, Alexander, & Nygaard, 2009; Witteman, Weber, & McQueen,
2013). This may also be the case for second language learners. Weber, Di Betta and McQueen (2014),
for instance, showed that Dutch listeners had little difficulty in processing Italian-accented English
when they were familiar with an Italian accent in their L1 Dutch. That is, listeners transferred their
knowledge on a specific foreign accent from their first language to a second language (see also
Reinisch, Weber, & Mitterer, 2013). In addition to accent adaptation for other speakers, second
language learners may also adapt to their own personal accent, that is, their very own specific L2
production patterns.
In terms of second language sound representations the suggested adaptation can be illustrated using
a belief-updating model (Kleinschmidt & Jaeger, 2015). The model suggests that listeners perceive
sounds as probabilistically falling into one or the other category. For our purposes of describing L2
listening we refer to them as the global sound distributions that represent the L2 categories that
learners perceive through their L1 filter and that are formed by or abstracted from native and nonnative tokens that listeners encountered. In addition, the model suggests that listeners track
consistencies within the speech signal for a given situation. If consistencies are found for a given
situation, the global distributions are adapted. That is, listeners are likely to have distributions for
accented (L2) speech that they frequently encounter (see e.g., Cutler, 2015, for suggestions about
"accented" representations). These adapted distributions can be reapplied in perception when the
situation or speaker is recognized again, hence facilitating perception. Further adaptation to the
situation or speaker would then proceed from this model.
Importantly, when listening to accented speech, L2 learners have experience not only with their
fellow learners’ accented speech but also with their own accented productions. That is, every time
they speak their L2, they hear themselves speak and receive proprioceptive feedback from their
(accented) productions (i.e., articulation patterns; Abbs, Gracco, & Cole, 1984; Guenther, 2006;
Postma, 2000). Critically, in this way they may be even more familiar with their own speech patterns
than with others’ accented speech. If through this reinforcement, learners adapted to their own
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personal accent, they then may show a benefit when recognizing words in their own voice in the L2
relative to other learners' voices. An advantage when perceiving one's own voice could be in
principle the same as the above mentioned matched interlanguage benefit, differing in that the
adaptation is even more particular and applies to one's own voice rather than to an entire languagespecific accent. Our aim is to experimentally test whether learners are indeed better at
understanding words produced by themselves than words produced by other, equally proficient L2
learners.
Experiment 1 tested this by means of a word-reconstruction (or word-identification) task with
minimal word pairs containing difficult sound contrasts for German learners of English. The contrasts
were the vowel contrast /ε/ – /æ/ and the voicing distinction in word-final fricatives and stops. /ε/
and the voiceless obstruents have corresponding sounds in German and are therefore supposedly
"easy" to produce. /æ/ and word-finally voiced obstruents do not occur in German and are hence
difficult for Germans to produce. These sounds tend to be produced as the respective other sounds
of the contrasts (Bohn & Flege, 1992; Smith et al. 2009).
German learners of English were recorded producing these words and two months later were invited
back for a perception experiment. There they were presented the words one at a time and asked to
decide which word of the minimal pair was intended. Critically, they were presented with words they
had produced themselves as well as productions of other learners from the sample. Speakers were
grouped separately for each sound contrast such that they were matched in the type and magnitude
of cues they produced. If a self-benefit was found here, that is, if learners understood/reconstructed
the words better when presented with their own voice, this may suggest that familiarity with their
own productions (through adaptation or stored representations) affected L2 processing.
As for the magnitude of the benefit of understanding one’s own voice it would be reasonable to
assume that the benefit may be larger for poor learners. This second hypothesis is motivated by
previous findings that low-proficient speakers were better at understanding strongly accented
speech than high-proficient and native listeners (Hayes-Harb et al. 2008). If exposure to one’s own
productions played a role, poor listeners might benefit even more from experience with their own
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accent, since their productions are overall more difficult to understand. Reversely, a self-benefit
might be not so large for better learners, since the acoustic cues that they produce – even though
possibly not native-like – might already be sufficient for good perception. With regard to the words
within a minimal pair, the self-benefit may be larger for words with the difficult sounds, that is, the
ones that do not occur in the learners' L1, as each learner may use different sets of cues to keep
these sounds apart from the easy ones (i.e., the ones that are present in the L1). The role of the
magnitude of produced acoustic difference between the "easy" and "difficult" sounds of the
contrasts across proficiency groups will be further explored in Experiment 2.
EXPERIMENT 1
METHOD
Participants
Twenty-four female2 students at the University of Munich participated for pay. They were native
speakers of German and reported no history of speech, language, or hearing problems. The mean
age was 22.4 ranging from 19 to 28. All speakers had learned English at school starting at an average
age of 10.0 years and following classes for an average of 8.2 years. None of them had lived in an
English-speaking country for longer than 6 months. Since on German television films and series are
dubbed into German, exposure to native speakers of English was likely limited. All participants took
part in two sessions: one for the recordings, and one for the perception experiment a few weeks
later. In addition, they filled in a language background questionnaire with special focus on their
history of learning English. The production data is shown in Figures B.1 to B.3 in the Appendix.
Materials
Thirty-one English minimal word pairs that differed in sound contrasts that have been shown to
cause problems for German learners were selected (Bohn & Flege, 1992; Smith et al. 2009). Eleven
minimal pairs contained the vowel contrast /ε/ – /æ/, seven pairs a word-final voicing contrast in
fricatives and thirteen pairs a word-final voicing contrast in stops. Within each pair, one word was
considered to contain an easy sound for the learners (i.e., /ε/, and the voiceless sounds in word final
position). The other word contained a difficult sound (/æ/ and the word final voiced sounds). The

10

labels easy and difficult were based on whether or not the critical sounds occur in the German sound
inventory (German does not have the vowel /æ/) and in the given word position (German word-final
phonologically voiced obstruents are canonically produced as devoiced). An additional 22 words
were selected to serve as fillers in the recording session. Some of them contained other difficult
sounds that do not occur in German (e.g., /θ/ or /w/) to distract participants from the main purpose
of the study. Words are listed in Appendix A.1.
Recordings
For the recordings all words were randomly assigned to one of ten semantically neutral carrier
sentences such as The next word is... (see Appendix A.2). Target words always occurred in sentence
final position. The assignment of sentences to words and the order of words within the recording
session were randomized separately for each participant with the restriction that the words of a
minimal pair could not follow one another. Each word was repeated twice for a total of 160
sentences3.
Participants received all instructions in English and were asked to read out the entire sentence at a
comfortable pace. The sentences including the target words were presented one by one on a screen,
and a small light signaled when to start speaking. The recordings were made in a soundproof
recording room using a diaphragm microphone (Neumann Microphone, type TLM 103) and the
software Speechrecorder (Draxler & Jänsch, 2004), which stored each sentence as a separate wav file
on a computer. After the session, participants had to review a list of all target words (in randomized
order) and mark those words that seemed unknown or unfamiliar to them. The whole session lasted
approximately 50 minutes.
Acoustic analyses
Several acoustic measures were taken using Praat (Version 5.4.08, Boersma & Weenink, 2015) for
each sound contrast in order to group participants by production pattern for the perception
experiment. The grouping of participants was done separately for each type of sound contrast, based
on how well speakers differentiated the two words of the minimal pairs in production. We will refer
to this grouping according to production patterns by the term “proficiency”, note however, that this
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measure is not based on how native listeners judged the individual productions. Rather, with the
term proficiency we refer to the acoustically measured magnitude of the produced difference
between the critical sounds in the words of the minimal pairs (for native speakers' goodness ratings
of a subset of the present productions see Eger & Reinisch, in press). We use the term "proficiency"
rather than "production accuracy" or other terms highlighting production measures since in the
perception experiments "proficiency" will refer to the listeners' proficiency (i.e., listeners' own
production accuracy) rather than the quality of the sound material that they were listening to (for
details see below).
The magnitude of the speakers’ produced contrasts was assessed relative to the other speakers in
the experiment such that differences between speakers within a group were minimized. Figures B.1
to B.3 in the Appendix show the main acoustic measures for each type of contrast for each of the
eventually-formed proficiency groups. For the vowels, these cues were the between-category
differences in the first two formants and duration. For the word-final fricatives, these were the
duration of the preceding vowel and the duration of the fricative (combined as vowel duration
divided by fricative duration), and the voiced portion of the fricative. For the word-final stops, the
duration of the aspiration, the duration of the preceding vowel and the voiced portion of the closure
were taken into account. These are the cues that are reported in the literature to be the most
important ones for native speakers of English (see e.g., Deterding, 1997; Hillenbrand, Getty, Clark, &
Wheeler, 1995, for the vowels; e.g., Broersma, 2010; Wright, 2004, for the fricatives; e.g., Barry,
1979; Smith et al. 2009, for the stops). The cues to the production of each contrast were weighted in
the order named above. Specifically, we looked how differently the acoustic measures of the two
categories were produced. A good contrast was defined as a large difference between the means of
these measures within minimal pairs. “Good” also indicated that categories were discrete as
reflected in smaller standard deviations for each measure and thus less overlap between the words
of the minimal pairs. Looking at these measures of how large a difference the twenty-four
participants had produced for each of the three sound contrasts it was decided that a split into three
“proficiency” groups (A= best, B = middle, C = worst) of eight participants would best capture the
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main differences. The assignment to groups was done separately for each contrast and followed this
procedure: First, for each type of contrast separately, the eight best speakers with the clearest
contrasts were assigned to the most proficient group A. Next, the eight speakers with the
smallest/worst contrasts were assigned to group C. The remaining eight speakers were then assigned
to group B.
In order to reduce the number of unfamiliar voices per participant presented in the perception
experiment, within each of the three proficiency groups two subgroups were formed such that each
group contained only four instead of eight voices (i.e., each listener was presented with only three
unfamiliar voices per contrast). In this way, it was ensured that a sufficient amount of data could be
collected for the analysis for tokens in one’s own voice (see also Design below). The subgroups were
formed such that speakers in one sub-group of four were not only similar in the overall amount of
the produced difference for each contrast, but also according to which cues they had produced the
largest difference in. This was especially important for speakers who had produced better contrasts
using multiple cues since the goal was to match the productions of the participants' own voices with
the presented others' voices as closely as possible. For instance, one speaker in group A may use
duration of the preceding vowel to indicate a phonologically voiced fricative in rise in contrast to rice,
with a longer vowel in the former, whereas another speaker from group A may produce the wordfinal voiced fricative with a long period of voicing in the fricative rather than a longer preceding
vowel. However, for the statistical comparisons between the proficiency groups, only the three
overall groups were considered, since differences between the subgroups were rather small and a
comparison between all six groups appeared no more informative than a comparison between the
three overall groups. Notably proficiency had to be used as a grouped variable rather than a
continuous measure because the manipulation of Voice (listening to one's own voice vs. others'
voices) had to be compared within sets of participants that listened to each other.
Design
For the perception experiment, the words of the minimal pairs were spliced out of the carrier
sentences to be presented in isolation. Of the 31 recorded pairs, three were excluded due to
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incorrect production of sounds other than the target sounds. Additionally, the word pair latter-letter
was excluded because several participants indicated in the questionnaire that they did not know the
meaning of the word “latter”. The final word set consisted of the remaining 50 words (274 pairs, see
Appendix A.1).
The stimulus set of the experiment was prepared separately for each participant for each of the
three sound contrasts. For each contrast, participants were presented with their own productions
and those of three other speakers (henceforth other voices) that had been selected to match this
participant in terms of use of cues for this contrast ("proficiency"; see above). That is, overall the
stimulus set for each participant consisted of a 25% of own productions. The other voices were
assigned separately for each type of contrast to maximally match the production patterns such as to
isolate as far as possible the effect of voice over the types and magnitude of acoustic cues used to
produce the contrasts. The total number of other unfamiliar voices in the experiment varied between
5 and 9 (though mostly 7 or 8) per participant. This was because a specific unfamiliar voice could
occur in one, two, or even all three sets of contrasts. Within each contrast each participant always
heard three other voices. That is, although one’s own voice was heard more frequently than any
other single, unfamiliar voice in the experiment, overall it was heard less often than unfamiliar voices
(i.e., 25%). Using groups of four learners per sound contrast appeared the best way to divide up our
set of participants to tightly control production patterns between the own and other voices for each
sound contrast. At the same time, it allowed us to collect enough data points for own-voice trials
which would have been substantially lower had we compared every participant to everyone else or
lowered the number of own-voice trials to the number of trials for each individual voice in the group.
For each voice, the two recorded repetitions of each word were presented twice each (i.e., for a total
of 4 repetitions per voice per word). All words were presented once before they were repeated. The
experiment consisted of a total of 864 trials (27 pairs x 2 words x 4 speakers x 2 spoken repetitions x
2 blocks) of which 216 tokens were in the participants’ own voice and 648 in an unfamiliar voice.
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Procedure
Participants returned for the perception experiment approximately six weeks after they were
recorded. They were informed about the procedure by means of written instructions. It was noted
(although not emphasized) that among several unfamiliar voices they would hear themselves.
Instructions were written in English as to set participants into an English language mode without
influencing their perception by talking to them with a specific accent. Participants were seated in a
sound-proof cabin in front of a laptop computer. On each trial, participants saw the two words of the
minimal pair written on the left and right side of the computer screen. After 400 ms they were
presented one of the words over headphones at a comfortable listening level. Their task was to
indicate by button press which of the words was intended by the speaker. They pressed the 1-key on
the computer keyboard if they thought the speaker intended the word on the left, and the 0-key for
the word on the right. The material was presented in randomized order and the position (left or
right) of the two response alternatives was counterbalanced according to correct answer so that
participants were not biased towards left or right position. The experiment was implemented in
Psychopy2 (Version 1.83.01; Peirce, 2007), and took approximately 50 minutes to complete. Every 70
trials participants were allowed to take a self-paced break. After the experiment participants were
asked whether they had recognized their own productions throughout the experiment which most of
them confirmed.
Results
Listeners’ responses were categorized into correct and incorrect answers depending on whether they
chose the intended word (i.e., the word the speaker intended to produce) or the other member of
the minimal pair. Correct vs. incorrect (coded as 1 and 0 respectively) was used as the dichotomous
dependent variable in a series of linear mixed-effects models with a logistic linking function (Jaeger,
2008). The models were implemented in R (Version 3.3.0, R Core Team, 2017) using the lme4
package (Bates, Mächler, Bolker, & Walker, 2015). The random-effects structure included random
intercepts for participant and word with random slopes for fixed factors that were manipulated
within participants and items respectively. Note that the models with a full random effects structure
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(Barr, Levy, Scheepers, & Tily, 2013) did not always converge. In this case, it was determined via
model comparisons using log-likelihood ratio tests whether simpler models would fit the data just as
well. The best fitting model with the largest random effects structure that converged will be
reported.
Since our main hypothesis was that listeners would be better at recognizing the intended word when
hearing their own voice than other speakers’ voices, the main variable of interest was Voice (i.e.,
whether they heard themselves or not). This variable was contrast coded to 0.5 = self, -0.5 = other.
Note that "other" was collapsed across the different other (not-self) voices since within each
proficiency group (i.e., groups of listeners that had produced similar cues to the sound contrasts)
each voice contributed to "self" as well as "other" trials.
An overall model on all data with only Voice as fixed factor revealed a significant effect of Voice
(b(Voice)=0.24, SE=0.07, z=3.41, p<.001; b(Intercept)=1.18, SE=0.17, z=6.87, p<.001) showing that overall in
the experiment more correct answers were given if the stimulus was in the participant’s own voice
than someone else’s voice (M(self) = 75.1 % correct, SD = 0.43; M(other) = 71.9 %, SD = 0.45) of the same
proficiency level (i.e., because voices were matched on production patterns).
To test whether the effect of hearing one’s own voice only emerged over the course of the
experiment because listeners heard their own voice more often than any single other voice (since
proficiency was matched within sound contrast), Trial number and its interaction with Voice were
added as fixed factors to the model. Trial Number was centered and scaled from -1 to 1. As in the
overall model, there was a significant effect of Voice (b(Voice)=0.24, SE=0.07, z=3.42, p<.001;
b(Intercept)=1.18, SE=0.17, z=6.86, p<.001). However, neither Trial Number (b(TrialsNumber)=0.05, SE=0.04,
z=1.49, p=.14) nor the interaction between Trial Number and Voice were significant (b(Voice:TrialNumber)=0.03, SE=0.07, z=-0.42, p=.68). This indicates that the effect of Voice did not change over the course
of the experiment. Trial Number was therefore not included in the subsequent analyses. The effect
of Voice was then tested in relation to a number of other independent variables: sound Contrast
(vowels, fricatives, stops), Proficiency (grouped into A, B, and C) and Sound Type (easy, difficult).
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Sound Contrast
To test whether the effect of Voice held for all three types of sound contrasts (i.e., minimal pairs
differing in the vowel contrast /ε/–/æ/, the final voicing contrast in fricatives or stops) a model was
fitted with Voice, sound Contrast, and their interaction as fixed factors. Sound Contrast was coded as
a factor with three levels with the vowel contrast mapped onto the intercept. Results showed that
participants performed better overall for words from the stop contrast (M(stop) correct = 81.1%, SD =
0.39) than for words from the vowel contrast (M(vowel) correct = 67.2%, SD = 0.47; b(Intercept_vowel)=0.47,
SE=0.17, z=2.68, p<.01; b(Contrast_stop)=1.76, SE=0.20, z=8.85, p<.001) but overall performance for the
fricative contrast did not differ from the vowel contrast (M(fricative) correct = 66.5 %, SD = 0.47;
b(Contrast_fricative)=0.46, SE=0.26, z=1.77, p=.08). Critically, for the vowel contrast that had been mapped
onto the intercept there was a significant effect of Voice (b(voice)=0.20, SE=0.08, z=2.46, p<.05) with
better performance if participants heard their own voice. There was no interaction between Voice
and sound Contrast for either other level of this factor suggesting that the magnitude of the effect of
Voice that was found for the vowels was not different for the stop or fricative contrasts (fricatives:
b=0.08, SE=0.12, z=0.65, p=.52; stops: b=0.22, SE=0.21, z=1.05, p=.29). Given that the effect of Voice
was not modulated by sound Contrast, this factor was not included in any further analyses and data
were collapsed across contrasts. Note that this did not affect the grouping of participants, which had
been conducted for each sound contrast separately, and was coded in the variable Proficiency.
Proficiency
To test the hypothesis that participants with a lower proficiency in English would benefit more from
hearing their own voice, a model was fitted with Voice, Proficiency and their interaction as fixed
factors. Proficiency was taken to refer to the groups A, B, and C that listeners were assigned to
according to their productions, that is, the magnitude with which each of the contrasts had been
produced. Consequently, when we henceforth refer to the “high-proficiency group”, or “group A”,
we refer to those participants who had produced a well-differentiated contrast between the words
of the minimal pairs. Participants from the “low-proficiency group”, group C, had produced the
smallest contrast according to the acoustic measures. Participants from group B performed at an
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intermediate level. As described in the Methods section in more detail, this grouping was done
separately for each sound contrast. Note that since in this experiment participants were listeners, we
will refer to this factor as also "listener proficiency". While in Experiment 1, participants only heard
stimuli from their own proficiency group, and listener and speaker proficiency (i.e., how well the
stimuli had been produced) are confounded, this distinction will be relevant for Experiment 2. The
factor Proficiency was coded as numeric with A = 0.5, B = 0, and C = -0.5. With this coding, the grand
mean is mapped onto the intercept and effects can be interpreted as main effects.
As can be observed in Figure 1, the benefit of hearing one’s own voice was present for all three of
our proficiency groups. This was confirmed by statistical analyses. There was a significant effect of
Voice (b(Voice)=0.24, SE=0.08, z=3.04, p<.01; b(Intercept)=1.21, SE=0.15, z=8.00, p<.001). As expected,
Proficiency had a significant effect such that the higher the proficiency the more correct responses
were given (b(Proficiency)=0.55, SE=0.13, z=4.22, p<.001). The interaction between Voice and Proficiency
was not significant suggesting that the effect of Voice was not different between proficiency groups
(b(Voice:Proficiency)=-0.17, SE=0.14, z=-1.19, p=.23).

(Insert Figure 1 about here)

Sound Type
Sound Type refers to whether the intended word of the minimal pair contained the sound that
listeners know from their L1 (i.e., /ε/ and the voiceless obstruents as “easy” sounds; contrast coded
as 0.5) or not (i.e., /æ/ and the voiced obstruents as “difficult” sounds; coded as -0.5). An interaction
with Voice would indicate that the effect found for Voice (with more correct responses for one’s own
voice) differed according to whether the word contained an easy or a difficult sound. Sound Type
was added to the model including Proficiency since even though Proficiency did not interact with
Voice in the analysis reported above, the identification of difficult sounds may especially challenge
participants with lower proficiency (Hayes-Harb et al. 2008; Pinet et al. 2011; van Wijngaarden et al.
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2002; Xie & Fowler, 2013). Note that since all dependent variables were contrast coded, again the
grand mean is mapped onto the intercept and effects can be interpreted as main effects.
Results are shown in Figure 2 and Table 1. Again, there was a main effect of Voice (more correct
responses for one’s own voice), and Proficiency (more correct responses the higher the proficiency;
that is, the better participants had produced the contrasts themselves). The effect of Sound Type was
not significant. However, these effects were modulated by a two-way interaction between Sound
Type and Proficiency as well as the three-way interaction between all factors. These interactions are
illustrated in Figures 2 and 3. While there were more correct responses for words containing the
difficult sound category for participants of proficiency group A, in proficiency group C more words
containing the easy sound were recognized correctly. The three-way interaction suggests that this
modulation of Sound Type by Proficiency had repercussions on the Voice effect. That is, the effect of
Voice differed between proficiency groups when considering easy and difficult categories separately.
Follow-up analyses on the three-way interaction testing each Sound Type separately revealed that in
words containing the easy sound, there was a significant effect of Voice with more correct answers
when hearing one’s own voice (b(Voice)=0.28, SE=0.13, z=2.19, p<.05; b(Intercept)=1.32, SE=0.18, z=7.33,
p<.001). Proficiency and the interaction between Proficiency and Voice just failed to reach
significance (b(Proficiency)=0.28, SE=0.15, z=1.89, p=.06; b(Voice:Proficiency)=0.38, SE=0.21, z=1.78, p=.08). The
benefit when hearing one’s own voice for easy words hence did not differ between proficiency
groups. If anything there was a slight tendency for the self-benefit to become larger for higher
proficiency groups (i.e., from proficiency group C to A, Figure 3 left panel).
For words with the difficult sounds, an effect of Proficiency emerged with more correct responses
the higher the proficiency group (b(Proficiency)=0.96, SE=0.18, z=5.35, p<.001; b(Intercept)=1.19, SE=0.19,
z=6.17, p<.001) and an interaction between Proficiency and Voice (b(Voice:Proficiency)=-0.61, SE=0.22, z=2.77, p<.01). The effect of Voice was not significant (b(Voice)=0.15, SE=0.13, z=1.12, p=.26). That is,
when looking at the difficult words, the self-benefit appears larger the lower the proficiency (i.e., in
proficiency group C; see Figure 3 right panel).
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(Insert Table 1 about here)
(Insert Figure 2 about here)
(Insert Figure 3 about here)

Discussion
Experiment 1 demonstrated that second language learners are better at recognizing L2 words
containing sounds from a difficult L2 sound contrast if they had produced the words themselves than
when listening to other learners of the same L1 that used similar acoustic cues to produce the L2
words. Although the overall ease of identifying the intended word differed between sound contrasts,
the effect of Voice did not differ. This suggests that the effect of Voice was not specific to one of the
contrasts but may constitute a more general effect.
In an overall analysis including Voice and Proficiency as factors, the effect of Voice did not differ
between proficiency groups (i.e., the variable that refers to listeners' own production skills). That is,
as could be expected, there was a main effect of Proficiency such that the higher the proficiency of
the learners, and hence the clearer the sound contrasts had been produced, the more correct
responses were given. However, the hypothesis that the effect of hearing one's own voice may be
larger for poor learners (i.e., poor producers), could not be confirmed in an all or nothing fashion
(i.e., lack of an interaction in this analysis).
Interestingly, the effect of Voice was modulated in a three-way interaction with Proficiency and
Sound Type. The latter defines whether the specific word of the minimal pair contains the sound that
is similar to the learner's first language (i.e., "easy") or the sound that is exclusive of the L2 (i.e.,
"difficult"). Looking first at the results for words with the easy sound, that is, the L2 sound that is
similar to the corresponding sound in the learners' L1, there was a main effect of voice (i.e., better
recognition of words produced in one's own voice) and this self-benefit was not different between
the three proficiency groups (though see Figure 3, left panel, for the tendency that for the easy
sounds the self-benefit was somewhat larger the higher the proficiency). Considering words
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containing the difficult sounds, in contrast, the self-benefit was larger the lower the proficiency of
the learners (i.e., interaction between Voice and Proficiency in the follow-up analyses; see Figure 3,
right panel). This confirms our suggestion that the self-benefit may be largest for poor learners, at
least for difficult sounds.
The reason for the modulation of the effect of Voice by Sound Type together with Proficiency is likely
to be found in the acoustics that the learners produced or failed to produce for the difficult sounds.
As can be seen from the summary of the production data (Figures B.1 to B.3 in the Appendix), the
learners that were assigned to Group A produced large contrasts between the words of the minimal
pairs, specifically by better cuing the difficult sounds. The low-proficiency group, in contrast,
produced rather small differences between the words in the minimal pairs (henceforth “poor”
productions). Therefore, for the difficult sounds poor learners could benefit more from knowing their
own patterns, since they had to rely on overall much smaller and/or less reliable cues to identify the
difficult sounds. Note that despite these modulations of the effect of Voice, listeners from all
proficiency groups benefitted from listening to their own productions in most conditions.
Why would listeners benefit from listening to their own productions? As discussed in the
introduction, one reason may be the frequent exposure to one’s own accent. That is, whenever one
speaks, one also hears one’s own productions, hence, unless an L2 learner is only passively exposed
to the L2, their own voice is likely one of those heard most often also in the second language.
Therefore, listeners are likely highly familiar with the relation between their own productions (or
production strategies) and the acoustic consequences of these strategies for perceiving these
difficult sound contrasts. Note that this does not necessarily mean that our listeners would
remember how they read the specific word list during recordings six weeks prior to the perception
experiment. Rather they may rely on adapted representations of accented sounds as their L2 targets.
In order to compare the perception of listeners’ own vs. other voices, participants in Experiment 1
were matched according to how clearly and with what types of cues they had produced the
contrasts. Consequently, participants who had produced better contrasts were also presented with
“rich” tokens, and low-proficiency speakers were presented with "poor" material. The next question
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then is what would happen if poor learners had larger/more cues available and the good learners
smaller/fewer cues. In order to investigate the influence of the availability of cues and the learner’s
proficiency, a second experiment was designed. It aimed at showing whether in Experiment 1 lowproficiency participants performed worse than high-proficiency participants only because they were
presented with “poor” tokens or because they are also less capable of picking up acoustic cues.
Moreover, if being a better producer helped L2 perception in general then the high-proficiency
learners should outperform low-proficiency learners regardless of the magnitude of available cues.
EXPERIMENT 2
The aim of this experiment was to test the interaction between the availability of acoustic cues in the
L2 speech signal and how well participants had produced the cues themselves (i.e., what we labeled
"proficiency"). Specifically, we asked whether poor learners would benefit in perception from
receiving more differentiated acoustic cues to the difficult sound contrasts. To address this question,
those participants of Experiment 1 who differentiated the contrasts most and those who
differentiated them least in production were invited back for a second perception experiment (i.e.,
groups A and C). They performed the same word identification task as before, but this time they
were presented with stimuli of the opposite proficiency group. That is, participants who had been
assigned to the high-proficiency group based on their productions were now presented with the
"poor" tokens (i.e., those produced with only few and small acoustic cues) and participants who were
assigned to the low-proficiency group were presented the "rich" tokens (i.e., those produced with
various and clearer cues). Since the availability of cues may play a crucial role for word recognition,
we expected that, when presented with “rich” productions, low-proficiency learners may perform
better than when presented with poor productions (as in Experiment 1). However, the crucial
question was whether despite this expected improvement, they would reach the level of the highproficiency listeners found in Experiment 1. If not, then the availability of cues may play a role in L2
perception but the ability to use these cues may be related to the learners' own production abilities5.
As concerns the high-proficiency learners, the question is whether they may be better at recognizing
the words than the low-proficiency learners regardless of the quality of the stimuli (i.e., when
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presented the rich and poor tokens). This would suggest that the ability to pick up available cues in
perception is strongly related to the learner's ability to produce these cues. An additional comparison
of group C listeners' perception of poor vs. rich material with the perception of the stimuli that they
had produced themselves (i.e., in Experiment 1) will show how the effects of listener proficiency,
hearing one’s own voice, and availability of acoustic cues relate to each other.
METHOD
Participants
A subset of participants from Experiment 1 was invited to return for a third session. To test for
differences in production and perception skills, the subset of those participants was selected who
differentiated the contrasts best and those who differentiated them least in production. Specifically,
we selected those participants who had been assigned to group A or C in Experiment 1 for at least
two of the three sound contrasts and who were not in the opposite proficiency group for the third
contrast (for example, a high-proficiency participant was either only in A-groups for all contrasts, or
she was assigned to A for the stops and the vowels, and B for the fricatives). Seven participants from
the high-proficiency group returned as did eight participants from the low-proficiency group. The
experiment was run 4 to 11 weeks (mean=6.7 weeks) after the first perception experiment.
Materials
Since in Experiment 1 the sets of stimuli varied for each participant (due to the individual
combination of the participant’s own and several other voices), two sets of four participants from
Experiment 1 were chosen from good speakers and two from poor speakers. The two sets from good
speakers consisted exclusively of tokens produced by speakers from the high-proficiency group A.
The two sets from poor speakers consisted of only tokens that had been produced by speakers from
group C. Two sets per condition were chosen in order to use a representative sample of voices
similar to Experiment 1. Each set contained between 8 and 10 voices across the three sound
contrasts. Each participant was presented with one of these sets. Note that since in this experiment
participants listened to stimuli of speakers from the “opposite” proficiency group, all voices were
unfamiliar to them.
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Design and Procedure
The design and procedure were the same as in Experiment 1. The participants received the same
instructions but were told that this time they would not hear their own voice, but only “new“,
unfamiliar voices. They heard the words in isolation and had to decide which word of the minimal
pair had been produced.
Analyses
Again, listeners' responses were categorized into correct and incorrect responses depending on
whether they chose the intended word or the other word of the minimal pair. Responses were coded
as 1 = correct and 0 = incorrect, respectively, and used as the dichotomous dependent variable in a
set of linear mixed-effects models with a logistic linking function (Jaeger, 2008). As for Experiment 1,
the random-effects structure included random intercepts for participant and word with random
slopes for fixed factors that were manipulated within participants and items. The best fitting model
with the largest random effects structure that converged will be reported.
To compare high- and low-proficiency learners when presented with both, the “rich“ and “poor“
tokens, subsets of data from Experiment 1 were included in the present analyses. Note that our
variable proficiency was based on production. However, since this grouping was done separately for
each sound contrast, some of the participants invited back for Experiment 2 had been assigned to
group B for one of the contrasts. In order to restrict our analyses to data from group A or C, all trials
from contrasts for which a given participant had been assigned to group B in Experiment 1 were
excluded from the analyses. For example, a given participant in Experiment 2 was assigned to group
C for the fricatives and the stops in Experiment 1, because she produced the contrasts with very few
and small acoustic cues, but she was assigned to group B for the vowel contrast. After participating in
Experiment 2 as a listener of the overall proficiency group C, her responses to words from the vowel
contrast were discarded. In this way, we controlled for both the quality of the tokens and listener
proficiency to be restricted to groups A and C.
For the first model, only data for “other” voices were used, since in Experiment 2 voices were
necessarily others’ voices. The main variables of interest were then the availability of acoustic cues
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(i.e., Material with the levels rich and poor, coded as 0.5 and -0.5 respectively) and Proficiency of the
listener (coded as 0.5 for the participants from the high-proficiency group A, and -0.5 for participants
from the low-proficiency group C; note that again proficiency refers to the production as discussed in
Experiment 1). In addition, an interaction between these variables was specified. As for Experiment 1
additional analyses included the factors Contrast, to test whether results held for all three sound
contrasts, and Sound Type, to test whether effects would differ for easy and difficult sounds.
Results
The analysis of the model with Material, Proficiency, and their interaction as fixed factors revealed a
significant effect of Material (b(Material)=1.14, SE=0.14, z=8.40, p<.001; b(Intercept)=1.11, SE=0.12, z=9.42,
p<.001) with more correct responses for the rich than the poor tokens (see Figure 4, in white and
dark grey boxes). There was a significant effect of listener Proficiency (b(Proficiency)=0.54, SE=0.15,
z=3.64, p<.001) with more correct responses for listeners from the highly-proficient group.
Moreover, Proficiency was involved in an interaction with Material (b(Material:Proficiency)=0.60, SE= 0.20,
z=2.95, p<.01), indicating that the effect of Material was different in the two proficiency groups.
Results are shown in Figure 4 in white and dark grey boxes.
To follow up on the interaction, two additional analyses were run to test the effect of Proficiency
within each Material set. Proficiency was contrast-coded to A=0.5 and C=-0.5, as before. The results
revealed significant effects of Proficiency for both the rich and the poor material set, with more
correct responses when the listener was from the high-proficiency group A (rich material:
b(Proficiency)=0.84, SE=0.23, z=3.59, p<.001; b(Intercept)=1.69, SE=0.16, z=10.32, p<.001; poor material:
b(Proficiency)=0.25, SE=0.11, z=2.36, p<.05; b(Intercept)=0.54, SE=0.10, z=5.27, p<.001). This together with
the difference in regression weights (i.e., higher b(Proficiency) for the rich than poor material set)
suggests that the interaction between Proficiency and Material is driven by the magnitude of the
effects. That is, both high- and low-proficiency learners can benefit in word recognition from hearing
rich over poor cues, but learners from the high-proficiency group benefit to a larger extent.
Since poor learners appear to benefit from rich material, the question arises as to how this effect
compares to the effect of Voice (i.e., the self-benefit) found in Experiment 1. Therefore, in an
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additional analysis, the responses to “self“-trials from Experiment 1 were added to the dataset
described above - again only for those participants who participated in both experiments. To
compare poor learners' performance on rich material to all other conditions, one combined variable
with six levels was included in the model instead of the previously used variables Proficiency and
Material. Two of those levels defined the “self“-trials for each proficiency group (i.e., A self, C self).
The other four consisted of trials in other voices, once with material from the same and once with
material from the opposite proficiency group: listeners A hearing poor material, listeners A hearing
rich material, listeners C hearing poor material, and listeners C hearing rich material.
In order to specifically test poor listeners' responses when presented with rich material relative to
their performance when hearing their own voice (with poor cues) the level C rich was mapped on the
Intercept. Results are presented in Table 2 and Figure 4 (C rich is indicated by thicker lines) and
revealed significant differences between C rich and all other levels of the variable. That is, listeners
from the low-proficiency group that were presented with rich material (C rich) performed
significantly better than listeners from the same proficiency group when presented with their own (C
self) or with others’ productions from the poor material set (C poor). Moreover, those listeners were
also better than listeners from the high-proficiency group when presented with poor material (A
poor). Finally, low-proficiency listeners presented with rich material performed significantly worse
than high-proficiency listeners hearing rich material, in both cases where high-proficiency listeners
heard their own voice (A self) or other voices (A rich). This suggests that for low-proficiency listeners
who themselves differentiate difficult contrasts only by using few and poor cues, the advantage
when being presented with rich cues goes beyond and above the self-benefit. For learners who have
already reached a high level in production in the L2 and produce more differentiated cues to the
contrasts, the self-benefit appears to be on top of the material effect (see the effect of Voice in
Experiment 1 for all proficiency groups).
(Insert Table 2 about here)
(Insert Figure 4 about here)
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Sound Contrast
Having established that the effect of Material for the poor listeners goes above and beyond the selfbenefit, for ease of interpretation, the remaining analyses will focus on the effect of Material without
the factor Voice. To test whether the effects of Proficiency and Material reported above differed
between sound contrasts, additional analyses were run involving the factor sound Contrast with the
level “vowels” mapped onto the intercept (i.e., as in Experiment 1). Effects for the other contrasts
are then interpreted relative to this reference level. Results are given in Table 3. They suggest that all
effects found in the overall analyses held for the vowels (i.e., effect of Material, Proficiency, and their
interaction). Furthermore, the same effects in the other contrasts were not significantly different
from the effects in the vowels (i.e., Proficiency:Contrast was not significant for either fricatives or
stops). Only two significant differences were found between the vowel contrast and either fricatives
or stops: First, words from the stop contrast were overall identified better than words of the vowel
contrasts (effect of Contrast for Stops, M(stops) = 80.2 % correct, SD = 0.40; M(vowels) = 65.6 % correct,
SD = 0.47; M(fricatives) = 65.8 % correct, SD = 0.47). Secondly, the interactions between Contrast and
Material for the fricatives and stops indicate that the effect of Material, that is, the difference in
overall correct responses between rich and poor tokens, was larger for the fricatives (21.6 %
difference of correct responses; p=.06) and stops (20.3 %; p<.05) than the vowels (10.0 %; see also
Table 3).
(Insert Table 3 about here)

Sound Type
The effect of Sound Type was entered to the model with Material and listener Proficiency as fixed
factors. This was to test whether – as in Experiment 1 – the effects of Material and Proficiency
differed between words with an easy or a difficult sound (again coded as 0.5 and -0.5, respectively).
Results are given in Table 4 and Figure 5. As in the overall analysis, there was an effect of Material
and an effect of listener Proficiency in the same directions as before, and the interaction between
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these two. Again, the interaction indicates that high-proficiency listeners benefit more from rich cues
than listeners from the low-proficiency group do. Furthermore, there was no main effect of Sound
Type, but one significant interaction between Sound Type and Material: As can be observed in Figure
5, the effect found for Material, that is, that words produced with rich cues (white boxes) are
understood better than words with fewer and poorer cues (grey boxes), was larger for words
containing the difficult sound category (two-way interaction between Material and Sound Type). The
marginally significant three-way interaction between Sound Type, Material and Proficiency suggests
that this effect was somewhat larger for the high-proficiency listeners (see also Figure 5).

(Insert Table 4 about here)
(Insert Figure 5 about here)

Discussion
Experiment 2 tested to what extent the complex pattern of results found in Experiment 1 with regard
to proficiency and contrast could be due to the availability of larger acoustic differences between the
words of the minimal pairs for the high-proficiency group. Specifically, we asked, firstly, whether
poor learners would benefit in perception if they were also presented with large acoustic differences
between the words of the minimal pairs and specifically more differentiated cues on the difficult
sounds (i.e., the sounds that they don't know from their L1). Secondly, we asked whether good
learners would outperform poor learners regardless of the magnitude of available cues.
Results showed that indeed, poor learners benefit from “rich” speech material, that is they were
better at recognizing words produced by speakers from group A than their "own" group C
productions in Experiment 1. However, despite this benefit for the "rich" materials, low-proficiency
learners did not reach the level of performance of the proficient listeners (see Figure 4). Critically,
high-proficiency learners outperformed poor proficiency learners for both the rich and poor material,
however, the effect was larger for the rich materials. This suggests that differentiating L2 contrasts
better in production (cf. our definition of proficiency) allows learners to perceive even small cues to
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an L2 contrast better than poor learners, however this benefit is seen especially then, when sounds
are cued in a fashion that approaches native production.
A comparison of the effect of Material with the effect of Voice (i.e., the self-benefit shown in
Experiment 1) revealed that even though poor listeners benefit from hearing their own poor
productions over others' poor productions, the availability of rich cues in the signal leads to even
better word recognition. That is, the effect of rich material was above and beyond the self-benefit for
low-proficiency learners. When the learners’ productions were already clearly differentiated (i.e., in
proficiency group A), the benefit when hearing one’s own, good productions was on top of the effect
of rich material produced by other speakers.
The benefit of being presented “rich” over "poor" productions was present for all three sound
contrasts, but differed in its magnitude. It was larger for the fricative and stop contrasts than for the
vowel contrast. As can be seen from the production data in Appendix B.1-B.3 the produced acoustic
differences between the words of the voicing contrast in word-final stops or fricatives was larger
than for the vowel contrast. Together with the results of Experiment 1 where listeners also showed
overall better performance for the word-final voicing contrasts, this underlines the relevance of
available acoustic cues in L2 word identification: the more differentiated the cues to a difficult sound
contrast, the better L2 perception is.
The relevance of acoustic cues is further confirmed when looking at the easy and difficult sounds
within each contrast (Sound Type). Words with the difficult sounds, that is, sounds that do not occur
in the learners' L1, were overall harder to recognize when they were produced by poor speakers (i.e.,
the two-way interaction between Material and Sound Type, the grey boxes in the right panel of
Figure 5). When the words with difficult sounds were produced by good speakers (i.e., were part of
our “rich” productions, white boxes) then both listener groups showed a benefit, but with the abovementioned difference between high- and low-proficient listeners (tentatively confirmed by the
marginally significant three-way interaction between all factors).
Taken together, the results underline that, in order to recognize L2 words that differ in a difficult
contrast, learners benefit most from two sources: (i) acoustic cues to be used for perception that
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result from a differentiated production of the minimal word pairs and (ii) having already acquired a
reasonable level of proficiency, here established as good production skills. This can be especially
observed in words containing a difficult sound. Even though low-proficiency learners had a larger
benefit when hearing rich cues than when hearing their own, poor productions, the self-benefit
helped identify the intended word, and was on top of the material effect when both sets contained
rich cues (i.e., in the high-proficiency learners).

GENERAL DISCUSSION
The present study showed that learners of a second language understand L2 words better when they
were spoken in their own voice than others’ voices, even when the speech material was matched
according to the speakers’ proficiency, that is, production patterns. The question of whether a selfbenefit could be found in L2 learners was motivated by the hypothesis that due to frequent exposure
to their own accented speech, learners are highly familiar with their own L2 sound patterns - above
and beyond the sound patterns that are typical of their L1's accent - and that this facilitates the
identification of the words they had produced themselves.
The self-perception benefit that we found in Experiment 1 did not differ between the three sound
contrasts and proficiency groups. The hypothesis that the self-perception benefit would be larger for
poor than proficient learners could only be confirmed in the three-way interaction of Voice,
Proficiency, and Sound Type. Whereas the self-benefit did not differ between groups when
presented with words containing the "easy" sound of the contrast (i.e., the one that was similar to
the participants’ L1), for words with the difficult sound the self-benefit was mainly apparent in the
low-proficiency speakers. This difference for words with the difficult sound could be explained by
differences in the produced acoustic cues between proficiency groups. Tokens produced by the highproficiency group contained more or better cues to identify the words within a sound contrast,
specifically by producing clearer cues to the difficult sounds. This likely helped not only in selfperception but also in the identification of words produced by the other speakers of the group who
were matched in their production patterns. In other words, the proficient groups could be
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reasonably sure to identify the difficult sounds as the intended ones by identifying the acoustic cues
to the sounds even when they were produced by other learners. The self-benefit for the easy sounds
in the high-proficiency group could stem from knowledge that despite the other good tokens in the
experiment, German learners of English in general tend to use this sound as a substitution for the
difficult sound. Hence the good learners were less confident to really hear the easy sound if it was
produced by others than if it was produced by themselves. The low-proficiency participants, in
contrast, had overall more trouble to identify the intended sounds since they themselves as well as
the others they heard during the experiment had produced very small differences between the
sounds of the contrasts, which made all words hard to identify (see also the main effect of
proficiency). This suggests that the self-benefit is found relative to proficiency-matched other
learners especially under difficult listening conditions.
Experiment 2 further investigated the role of the quality of the input in the perception of others' L2
productions. Being presented with rich material, that is, words that had been produced with more
and clearer acoustic cues to the contrasts, enhanced word recognition in both proficiency groups
compared to when hearing poor material. However, there was also an overall effect of proficiency:
High-proficiency listeners outperformed learners from the low-proficiency group regardless of the
availability of acoustic cues, that is, when presented with poor and when presented with rich
productions. Given that “proficiency” was based on the learners’ productions, this confirms L2
models suggesting that perception and production abilities are somehow linked. Moreover, the
finding that high-proficiency learners outperformed low-proficiency learners, but that this difference
was larger when presented with rich material, suggests that the pattern that better producers make
better perceivers is more complex, and depends also on the type of input. A comparison with
productions in the learners’ own voices further revealed that the effect of material was stronger than
the self-benefit. Crucially, however, this was true only for learners from the low-proficiency group,
who themselves had produced only small cues to the contrasts. Those learners who have already
acquired more advanced production skills also benefitted from rich compared to poor material, but
even more when they heard words that have been produced by themselves.
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While the idea that L2 perception and production abilities are somehow linked is commonlyaccepted, the exact relation and direction of causation remains yet unclear. Studies comparing
perception and production abilities in L2 learners show mixed results (e.g., Flege et al. 1997; Hattori
& Iverson, 2010; Kartushina & Frauenfelder, 2014; Kartushina, Hervais-Adelman, Frauenfelder, &
Golestani, 2015; Peperkamp & Bouchon, 2011; Schertz et al. 2015). Tsukada and colleagues (2005),
for example, showed that Korean bilinguals who started to speak English early in life produced
English vowels in a native-like fashion, but their ability to perceptually discriminate them failed to
reach a native-like level (Tsukada et al. 2005). Results like these (see also, e.g., Kassaian, 2011; Kluge,
Rauber, Reis & Bion, 2007; Sheldon & Strange, 1982) challenge the probably most common proposal
that L2 perception leads production (Flege, 1995). Training studies also give insights into the relation
between production and perception, with the specific focus on development, but again, results
about cross-modal transfer of training are mixed (e.g. Bradlow, Pisoni, Akahane-Yamada, & Tohkura,
1997; Herd, Jongman, & Sereno, 2013; Kartushina et al. 2015). However, one drawback of these
previous studies is that they often used different tasks and types of material, for instance, acoustic
measurements or intelligibility ratings by native listeners to determine production skills on one hand,
identification and discrimination tests using native productions or synthetic stimuli to determine
perception skills on the other (e.g., Flege et al. 1997; Hattori & Iverson, 2010).
Although the results of the present study cannot decide on the direction of causality between
improvements in perception and production abilities either, its contribution was to compare L2
perception by groups of listeners who had produced the stimuli themselves and were grouped based
on their production abilities. In this sense, the present results contribute to the understanding of L2
production and perception in that they show how learners of different proficiency levels exploit the
cues in naturally produced stimuli. The Speech Learning Model (Flege, 1995) proposes that
perception may lead production, in the sense that “the production of an L2 phonetic segment will
typically be no more native-like than its perceptual representation” (Flege, 2003: 322). The present
study investigated in more detail how difficult L2 sound contrasts are produced and perceived by
focusing on the use of relevant cues. They showed that both high and low-proficiency speakers were
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able to make use of available acoustic cues in perception, but the more proficient learners to a larger
extent. Critically, across all proficiency groups the present study showed that listeners are better able
at reconstructing words they had produced themselves than other learners, when they were
matched in proficiency (i.e., magnitude and type of produced cues). Although this effect was smaller
than the effect of Material or overall Proficiency (as shown in Experiment 2, Figure 4) it provides
further insights into the learners' representations of L2 speech.
That is, in terms of modelling the perception process (i.e., access to these representations), the
present results indicate that learners make use of different (sub)sets of cues including speakerindependent cues as well as fine-tuned cues typical of their own productions. In addition to adapting
to other speakers whose productions are characterized by non-native ways of differentiating difficult
sounds or contrasts (e.g., Bradlow & Bent, 2008; Clarke & Garrett, 2004; Reinisch & Weber, 2012;
Reinisch et al., 2013; Witteman et al. 2013), learners might also adapt to their own productions in a
second language. These language, accent, and speaker-specific adapted sound targets could be
stored and accessed depending on context (Kleinschmidt & Jaeger, 2015; see Reinisch, 2016a,b, for
similar suggestions concerning other speaker-specific cues). In other words, slightly different
auditory targets may be accessed depending on whether one's own voice is perceived or another,
unfamiliar voice. The idea that listeners adapt to their own productions receives support from the
link between production and perception such that experience with one's own productions differs
from experience with others’ primarily by the combined sensorimotor and auditory feedback the
learner receives immediately during speaking (Guenther, 2006; Perkell, Guenther, Lane, Matthies,
Stockmann, Tiede, & Zandipour, 2004). This coupling may contribute to stronger adaptation to one’s
own voice than to others and may be part of the reason why the self-benefit goes even beyond the
mere interlanguage intelligibility benefit that should apply to all participants in the current study,
when listening to other learners of a similar proficiency.
If familiarity with one's own specific production patterns was a critical factor in our self-perception
benefit, the question arises as to how strong it would be relative to benefits of other familiar voices.
As simple as it seems to test this issue, a well-controlled empirical study is hard to design as it would
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be unclear how familiar, for example, pairs of friends would be to listening to each other in their
second language - provided that their overall L2 proficiency was similar as well. However, the present
comparison to others' voices that were closely matched in production proficiency and types of cues
produced provides first insights into the contribution of one's own voice in processing L2 speech.
One's own voice is special since every time a person speaks not only acoustic but also proprioceptive
feedback is experienced (Guenther, 2006; Perkell et al. 2004). Critically, changes in a speaker's own
production patterns can cause changes in perception of the relevant sound contrasts (Lametti,
Rochet-Capellan, Neufeld, Shiller, & Ostry, 2014; Shiller, Sato, Gracco, & Baum, 2009). Given this
special role of one’s own voice, the experimental design was matched as much as possible a natural
situation, in which one person is confronted with multiple other, unfamiliar voices, yet hearing one’s
own voice more than any single other. That is, one’s own voice may always be the most familiar.
One prediction that falls out of our account on own-voice sound representations is that listeners
must recognize their own voice for this effect to occur. Schuerman et al. (2015; see also Schuerman,
2017) provide tentative evidence for this. When listeners were asked to transcribe noise-vocoded
words that originally had been spoken by themselves vs. a speaker whose voice represented the
voice of an "average speaker" (i.e., voice characteristics were most similar to all voices used in the
experiment) participants did not show a self-benefit. However, in this study most listeners did not
recognize their own voice. In another study where listeners transcribed short sentences produced by
themselves or others in speech-shaped background noise, a self-benefit did appear (Schuerman,
2017). In that study about half of the participants reported that they did recognize their own voice. In
the present study, exclusively natural stimuli were used to investigate differences between the
perception of words produced by participants themselves or others. Participants were informed that
they may hear their own voice and importantly, they also reported to recognize themselves during
the experiment. The present study is thus in line with the suggestion that in normal listening
conditions where listeners are likely to recognize their own productions, they show enhanced
perception abilities for their own productions.
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A final question to our account is how the self-benefit found in the present study may be related to
the observation that learners have difficulties improving their foreign accent. We speculate that
better recognition of one's own productions and lower awareness of potential errors may be two
sides of the same coin though findings may depend on the task. A case in point is Shuster (1998) who
tested the identification of speech errors by children with a phonological disorder. There the children
were worse at identifying their own erroneous productions as incorrect than judging other children's
incorrectly produced sounds. In the present study, the task was not to report the correctness of the
productions but to understand the words. We hypothesized that if a self-benefit can be found, this
suggests that learners have adapted to their own accented (i.e., non-native) production patterns. The
familiarity with one's own “errors” (that is, own productions that are not well differentiated) may
appear as an advantage in reconstructing the intended word. We speculate that as the other side of
the coin this benefit may be a drawback, since learners have fewer difficulties to understand their
own than fellow learners' productions, which may be one reason why the need for improvement
may not be obvious.
Summing up the present study, we found that learners of all proficiency groups are able to
perceptually discern difficult second-language sound contrasts, given the availability of sufficient
acoustic cues marking the sounds. Listeners who are better producers themselves show an
advantage in exploiting cues to second language contrasts over poor producers especially if the cues
are strong. Even though clear acoustic cues contribute most to understanding difficult L2 contrasts,
listeners are better at recognizing second language words produced by themselves compared to
when produced by an unfamiliar speaker using similar production patterns. We hypothesized that
due to frequent exposure to their own accented speech, learners are highly familiar with their own
L2 sound patterns - above and beyond the sound patterns that are typical of their L1's accent - and
that this facilitates the identification of the words they had produced themselves. Future research
will have to show how adaptation to one’s own speech patterns and already acquired production
skills in a L2 relate to the ease or difficulty to improve one’s accent in a foreign language.
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NOTES
1

Similar predictions based on phonetic (dis-)similarities between first and second language sound

contrasts are made by the Perceptual Learning Model (PAM-L2, Best & Tyler, 2007) and the Native
Language Magnet Model (NLM-e, Kuhl, Conboy, Coffey-Corina, Padden, Rivera-Gaxiola, & Nelson,
2008).
2

Since participants had to listen to their own voice and other unfamiliar voices, we decided to

restrict participants to one gender in order to avoid large acoustic differences between their own
and other’s voices.
3

The words bet, bat, bed and bad were used for the stop voicing contrast as well as for the vowel

contrast, but each word was recorded only twice.
4

The words bet, bat, bed and bad were used for the stop voicing contrast as well as for the vowel

contrast, therefore the word set consisted of 27 pairs (25 plus additional 2) but only 50 single words.
5

Note that we refer to production abilities here, since we grouped participants by production

measures. However, we cannot determine the direction of causality. Our high-proficient participants
could be good producers because they are good perceivers rather than the other way around. This
will be further considered in the General Discussion.
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Tables
Table 1: Results of the mixed-effects model fitted with all factors (Voice, Proficiency, and Sound
Type) in Experiment 1.
Fixed effect

b

SE

z

p

Intercept

1.23

0.16

7.89

<.001

Voice

0.22

0.08

2.89

<.01

Sound Type

-0.26

0.15

-1.76

=.08

Proficiency

0.56

0.12

4.80

<.001

Voice:Sound Type

0.13

0.21

0.61

=.54

Voice:Proficiency

-0.15

0.15

-0.99

=.32

Sound Type:Proficiency

-0.77

0.21

-3.61

<.001

Voice:Sound Type:Proficiency

1.00

0.30

3.29

<.001
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Table 2: Results of the mixed-effects model to compare the effects of Proficiency, Material, and
Voice with reference to the poor listeners and rich material (i.e., C rich mapped on the intercept; see
text for details) in Experiment 2.
Fixed effect

b

SE

z

p

Intercept (C rich)

1.14

0.12

9.13

<.001

C self

-0.66

0.07

-9.29

<.001

C poor

-0.72

0.05

-14.42

<.001

A rich

0.86

0.13

6.53

<.001

A self

1.39

0.16

8.72

<.001

A poor

-0.50

0.13

-3.92

<.001
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Table 3: Results of the mixed-effects model fitted with Material, Proficiency, Contrast, and their
interactions in Experiment 2.

Vowels

Fricatives

Stops

Fixed effect

b

SE

z

p

Intercept

0.42

0.16

2.62

<.01

Material

0.73

0.19

3.94

<.001

Proficiency

0.55

0.23

2.38

<.05

Proficiency:Material

0.96

0.29

3.32

<.001

Contrast

0.45

0.27

1.65

=.10

Material:Contrast

0.59

0.31

1.89

=.06

Proficiency:Contrast

0.04

0.36

0.12

=.91

Proficiency:Material:Contrast

0.11

0.48

0.23

=.82

Contrast

1.51

0.13

11.51

<.001

Material:Contrast

0.65

0.28

2.32

<.05

Proficiency:Contrast

-0.21

0.20

-1.08

=.28

Proficiency:Material:Contrast

-0.66

0.47

-1.40

=.16
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Table 4: Results of the mixed-effects model fitted with Material, Proficiency and Sound Type in
Experiment 2.
Fixed effect

b

SE

z

p

Intercept

1.14

0.12

9.56

<.001

Material

1.16

0.14

8.39

<.001

Proficiency

0.58

0.15

3.89

<.001

Sound Type

0.12

0.20

0.66

=.51

Proficiency:Material

0.67

0.20

3.26

<.01

Proficiency:Sound Type

-0.11

0.33

-0.32

=.75

Material:Sound Type

-0.43

0.20

-2.16

<.01

Proficiency:Material:Sound Type

-0.52

0.27

-1.89

=.06
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Figure captions
Figure 1: Proportion of correct responses in Experiment 1 for three proficiency groups, shown for
participants’ own voice (self) and others’ voices, averaged over contrast. Data points are shown
aggregated over repetitions and words. Chance performance is at 0.5.

Figure 2: Proportion of correct responses in Experiment 1 for the three proficiency groups, shown for
easy and difficult sounds, averaged over contrast. Data points are shown aggregated over repetitions
and words. Chance performance is at 0.5.

Figure 3: Illustration of the three-way interaction between Sound Type (easy, difficult), Proficiency
(A, B, C), and Voice (self, other) in Experiment 1. Proportion of correct responses are averaged over
contrast. Data points are shown aggregated over repetitions and words. Chance performance is at
0.5.

Figure 4: Proportion of correct responses in Experiment 2 for the two material conditions (rich and
poor) and the tokens in the participants’ own voices, shown for two subgroups of participants from
the proficiency categories A and C, averaged over contrast. A subset of the data was added from
Experiment 1 (the responses to “self”-trials and to tokens produced by others from the same
proficiency group). Data points are shown aggregated over repetitions and words. Chance
performance is at 0.5. The box with thick lines refers to the condition that was mapped onto the
intercept in the statistical analyses (see text for details).

Figure 5: Proportion of correct responses in Experiment 2 for the two proficiency groups of
participants (A and C), for poor and rich speech Material split by Sound Type (i.e., easy vs. difficult
sounds). Data points are shown aggregated over repetitions and words. Chance performance is at
0.5.
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APPENDIX
APPENDIX A: Materials
Table A.1: Words and word pairs that were recorded in the production session. For the minimal pairs,
the word after the dash is the one containing the critical difficult sound. The starred words and their
counterparts were recorded and analyzed but excluded from the materials for the perception
experiment because several speakers pronounced the vowels in “broad”, “height” and “prove”
differently than in the other word of the pair. The word “latter” and its counterpart were excluded
because several participants reported that they did not know the meaning of the word.

Vowels /ε/ – /æ/

Fricatives

Stops

Filler words

bed – bad

ice – eyes

back – bag

car

piece

bet – bat

face – phase

bat – bad

eat

shine

dead – Dad

leaf – leave

bet – bed

fine

ship

flesh – flash

proof – prove*

bright – bride

force

sing

head – had

race – raise

brought – broad*

fourth

sit

letter – latter**

rice – rise

feet – feed

forest

skin

men – man

safe – save

heart – hard

get

state

merry – marry

height* – hide

honest

strong

pen – pan

pick – pig

king

time

send – sand

root – rude

kiss

worse

set – sat

rope – robe

nine

worth

sight – side
white – wide
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Table A.2: Carrier sentences used in the production task. Sentences and words were randomly paired
for each participant.

Number

Sentence

1

Here is the word

2

She forgot the word

3

He knows the word

4

You say the word

5

You read the word

6

The next word is

7

The correct term is

8

The next term is

9

The next expression is

10

The right expression is
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APPENDIX B: Acoustic measures
The Figures below show a selection of acoustic measures that had been taken to determine the
produced difference between the words of the minimal pairs for each of the three sound contrasts.
These measures were used to assign participants to proficiency groups. For the vowels, the first two
formants and duration were measured. For the word-final fricatives, the duration of the preceding
vowel and the fricative were combined to the ratio between vowel duration and fricative duration. In
addition the voiced portion of the fricative was measured. For the word-final stops, the duration of
the aspiration, the duration of the preceding vowel and the voiced portion of the closure were taken
into account. Cues to each contrast were weighted in the order named above.
The speakers were assigned one by one to the proficiency groups A, B, and C. Since the whole group
of participants had to be distributed, they were split into three groups of 8 speakers each. First, the
eight speakers with the clearest contrasts, according to the cues listed above, were assigned to group
A. Then, the eight speakers with the smallest contrasts were selected for group C. The remaining
eight participants were assigned to group B (see also Method section). In the Figures below, the
acoustic measures are averaged over the two repetitions and words. The variability is hence due to
inter-speaker differences (8 speakers per box).
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Figure B.1 Upper Panel: Formant values measured as the difference between F2 and F1 in Hz during a
stable segment in the vowel for words with either /æ/ or /ε/ for the German learners grouped into
three groups of 8 (light grey = group A, mid grey = group B, dark grey = group C); Lower Panel:
Duration values of the entire vowel for words with either /æ/ or /ε/ and the different groups.
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Figure B.2 Upper panel: Vowel/consonant ratios measured as the duration of the vowel divided by
the duration of the consonant in words ending in voiced (v) or voiceless (vl) fricatives for the German
learners grouped into three groups of 8 (light grey = group A, mid grey = group B, dark grey = group
C); Lower Panel: Voiced portion of the fricative measured as the duration of the voiced part of the
fricative divided by the total duration.
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Figure B.3 Top panel: Aspiration duration for words ending in either voiced (v) or voiceless (vl) stops
for the German learners grouped into three groups of 8 (light grey = group A, mid grey = group B,
dark grey = group C); Mid panel: Duration of the preceding vowel; Bottom panel: Voiced portion of
the closure measured as the duration of the voicing during closure divided by the total closure
duration. As all other words, words containing a word-final stop were embedded in the end of carrier
sentences. All word-final stops were produced as released stops.

