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Abstract

Training of a foreign language speech sound pair may lead to the formation of new memory traces in young adults
who are not very experienced in the target language, as well as to the strengthening of existing memory traces in
advanced target language students. We used listen-and-repeat training to test whether previously formed memory
traces exist approximately a year later. Further, we compared these learning results with those obtained from advanced
target language students. Both groups participated in a recording that was identical to the one that the less experienced
learners had already completed a year before, but only once and without training. The experiments included EEG
recordings measuring mismatch negativity (MMN) and N1, as well as listening tests. The less experienced learners’
MMN responses were similar to those of advanced students, and their N1 amplitude had increased close to that of
the advanced students. These results suggest long-lasting speech memory traces resulting from a brief training and
the development of increased sensitivity.
� 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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1. INTRODUCTION

According to second language learning models, it is not the sounds that are completely new or the same that are
challenging to learn, but the sounds that are similar sounding or almost the same. The Speech Learning Model
Computing,
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(SLM) (Flege, 1987) and its revised version, the SLM-r (Flege and Bohn, 2021) state that similar sounds that are neither
identical to any of the native language sounds, nor completely new, cause learning problems. The Perceptual Assim-
ilation Model (PAM) (Best and Strange, 1992) and its updated version, the Perceptual Assimilation Model of L2 Speech
Learning (PAM-L2) (Best and Tyler, 2007), predict learning problems, for example, in a situation where two foreign lan-
guage categories are unequally assimilated to a native language category. For example, the English sounds /f/ and /v/
can be described as follows in relation to the Finnish sound system: according to the SLM, the English /f/ is identical to
the Finnish /f/ while the English /v/ is similar to the Finnish /f/, and according to the PAM, the English /f/ – /v/ pair is
unequally assimilated to the Finnish /f/. At least at the initial stages of learning, a second language is perceived through
native language speech categories, which hinders the learning process of difficult speech sounds. From another point of
view, the native category prototypes make the nearby second language speech sounds difficult to discriminate, whereas
sounds in the immediate vicinity of the category border are more easily discriminated, as described by the Native Lan-
guage Magnet Model (NLM) (Kuhl, 1991).

Memory traces for the native language speech sound categories form in early childhood (Cheour et al., 1998;
Dehaene-Lambertz and Baillet, 1998), which makes them strong, and hence they hinder later second language learning
(e.g., Kuhl et al., 2008). These language-specific memory traces (Näätänen et al., 1997) are the foundation of speech
perception, and they remain fairly stable even after long deafness (Salo et al., 2002). Also, immigrants preserve their
native language perceptual skills even after a significantly long immigration period (Flege and MacKay, 2004) and
the effect of the native language is persistently shown as a foreign accent in second language speech production
(e.g., Flege et al., 1997; Moyer, 2013, p. 18). Second language learning and the consequent formation of memory traces
for second language speech sounds is increasingly difficult after the age of about one year (Kuhl et al., 2008), but by no
means impossible. An authentic learning environment is usually ideal for the learning of second language speech
sounds, as shown by immigrant (Tsukada et al., 2005; Winkler et al., 1999) and immersion programme (Cheour
et al., 2002; Peltola et al., 2005; Shestakova et al., 2003) studies showing native-like perception. However, classroom
learning does not necessarily lead to native-like perception (and hence to the formation of new memory traces) in chil-
dren (Jost et al., 2015) or in adults (Grimaldi et al., 2014; Peltola et al., 2003).

Different training methods have been proven effective for foreign speech sound perception and production learning.
Many studies have used various behavioural perception training methods (Baese-Berk, 2019; Fouz-González and
Mompean, 2021; Grenon et al., 2019; Kraus et al., 1995; Menning et al., 2002; Tremblay et al., 1998, 1997;
Tremblay and Kraus, 2002). Others have used speech production training to measure the effects on production
(e.g., Immonen and Peltola, 2018; Kartushina et al., 2016; Kartushina and Martin, 2019; Peltola et al., 2015) or on
the combination of production and perception (Kartushina et al., 2015; Peltola et al., 2020; Saloranta et al., 2020).
Our previous training studies have shown that listen-and-repeat training may result in the formation of new memory
traces for foreign language speech sounds in less experienced young adult learners (Tamminen et al., 2015), or in
the strengthening of existing memory traces in proficient target language students (Tamminen and Peltola, 2015),
but no training effects were seen in elderly monolinguals (Tamminen et al., 2021).

The aim of the present study1 was twofold: first, to investigate whether training induced memory traces still exist after
one year, and second, how the memory traces of less experienced learners compare with those of advanced students,
i.e., more experienced learners. In other words, does short training result in similar persistent plastic changes as
advanced level studies?

To this end, we used electroencephalography (EEG) and perceptual tests. We recorded N1, which reflects sound
encoding, and mismatch negativity (MMN), which reflects stimulus discrimination (Kujala and Näätänen, 2010). Both
responses are indicators of learning, becoming larger after training (e.g., Kujala et al., 2007; Kujala and Näätänen,
2010; Pantev and Herholz, 2011). These responses are obtained by presenting stimulus sequences. Sound on– and
offsets elicit N1, whereas sound changes elicit MMN, indicating that the auditory system has detected the difference
between the sounds (Näätänen, 1992). With the perceptual tests, we measured identification (ID), goodness rating
(GR), discrimination sensitivity (d’), and reaction time (RT).

Previously, both groups, the less experienced learners and the more experienced learners, were tested on three con-
secutive days as follows: 1) ID and GR, d’ and RT, EEG, and training, 2) training, ID and GR, d’ and RT, EEG, and
training, and 3) training, ID and GR, d’ and RT, and EEG. In the present study, the less experienced learners partici-
pated in the same recordings (ID, GR, d’, RT, and EEG) once and without training approximately a year later. In order
to find out whether the training induced memory traces were long-lasting, we compared the baseline or post training
situation, from the previous study, to the follow-up year later. Learning effects were investigated by comparing the less
experienced learners’ follow-up and the more experienced learners’ baseline.
1 The study is part of the first author’s PhD thesis.
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The stimulus pair /fi:l/ – /vi:l/ was selected as it represents an unequally assimilated English sound pair for Finns,
since the English /f/ and /v/ assimilate to the Finnish /f/, /f/ better than /v/ (see e.g., Best and Tyler, 2007). The Finnish
phonological system does not discriminate between the voiceless and voiced labiodental fricatives /f/ and /v/, and only
the voiceless /f/ sound is part of the Finnish system (e.g., Suomi et al., 2008, p. 25). The labiodental approximant /ʋ/,
however, exists in the Finnish system and, like the English /v/, is represented in writing with the grapheme <v>. Because
of this, Finnish learners of English often substitute the English fricative /v/ with the Finnish /t/. The English /v/ is difficult
even for students majoring in English (e.g., Lintunen, 2004, pp. 174–178). The less experienced learners, native Finnish
speakers, did not have a memory representation for the English /v/, but a memory trace evolved in only three days
(Tamminen et al., 2015). However, the advanced target language learners did show a memory trace for the English
/v/ already in the baseline measurements and it was further strengthened during the three-day training (Tamminen
and Peltola, 2015).

Our hypothesis was that the training induced memory trace might be detectable in the follow-up in the same manner
as native language memory traces after long deafness (Salo et al., 2002). On the other hand, the memory traces formed
through laboratory training a year ago are probably not as strong compared to those formed during long-lasting learning
in a classroom, as even the native language seems to require constant use in order to remain intact, as suggested by
Flege and MacKay (2004). The question remains, if the memory traces are still intact, whether the amount of English
language in everyday Finnish context is sufficient to either sustain the required memory trace or even strengthen it.

2. METHODS

The participants, stimuli and procedure are the same as described in detail in Tamminen et al. (2015) and Tamminen
and Peltola M. S (2015) and are summarised here. The study was approved by the Ethics Committee of the University of
Turku, Finland.

2.1. Participants

Twelve Finns, who were less experienced learners of English, participated in the first three sessions conducted a
year before the current follow-up experiment. Eight (age range 19–27 years, mean 22,6 years, 5 females) of them
agreed to participate in the follow-up. One participant was excluded from the ID and GR results in the follow-up due
to technical errors, but data for discrimination and EEG measurements are from 8 participants. Until the end of upper
secondary school, the participants had studied English for 8.8 years on average (range 5–11 years), after which they
had not studied any languages. Even though the participants had studied English in primary and lower secondary edu-
cation and upper secondary school, they were not considered to be sensitised to the phonetic details between Finnish
and English. These details as well as contrastive analyses of the two sound systems are not on the national core cur-
riculum, and thus are not at the centre of attention in language teaching. The participants reported that their English
proficiency in speaking was excellent (2), good (2), satisfactory (2), or bad (1) and their proficiency in understanding
was excellent (3), or good (4). They also reported hearing English daily a lot (2), or quite a lot (6). The follow-up was
conducted one year and two months from the first session on average (range 10–17 months). None of the participants
reported any changes in their neurological condition and none had resided abroad for longer periods during this time.

The other group consisted of eleven (age range 20–28, mean age 23.6, 6 females) more experienced learners,
advanced Finnish university students of English. The more experienced learners' three-day training results were
reported earlier in Tamminen and Peltola M. S. (2015) and only the baseline results of this group are reported in the
current study. They had majored in English for 3.5 years (range 1–7 years) and had studied English in primary and sec-
ondary schools for 10 years before that. Contrary to primary and lower secondary education and upper secondary
school, phonetic details between Finnish and English, and contrastive analyses of the two sound systems, are part
of the English curriculum at the university. The participants reported that their English proficiency in speaking was excel-
lent (7), good (3), or satisfactory (1) and their proficiency in understanding was excellent (10), or good (1). They also
reported hearing English daily a lot (7), or quite a lot (4). All participants were right-handed (Oldfield, 1971), neurolog-
ically healthy, and of normal hearing. An informed consent was obtained from each participant.

2.2. Stimuli

A continuum of fifteen variants of the words /fi:l/ ‘feel’ and /vi:l/ ‘veal’ were synthesised (HLSyn software) so that the
voicing of the first sound varied in 14 ms steps, from totally voiceless to entirely voiced. The continuum was used in the
ID and GR tests, while two stimuli (representing different categories classified by native English speakers) were chosen
for the oddball discrimination and EEG recordings. The voicing started at 113 ms in the representative of /fi:l/ and at
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71 ms in /vi:l/ (detailed description in Tamminen et al., 2015). Hence, the difference between the two stimuli started at
71 ms.

2.3. Experiments and procedure

During the self-paced, forced choice ID and GR experiment, the 15 stimuli were presented 8 times in a random order.
The task was, first, to identify the stimuli as either ‘feel’ or ‘veal’, and then rate the goodness of the identified stimuli on a
scale of 1 to 7, where 1 was poor and 7 excellent. In the oddball discrimination task /fi:l/, with the familiar sound, was the
standard stimulus and /vi:l/, with the unfamiliar, difficult sound, the deviant. The instruction in the discrimination task was
to press a given button as soon as the deviating stimulus was detected. There were 130 standards and 20 deviants in
the discrimination test, deviant probability being 0.13. In the EEG recording, the participants were instructed to ignore
the stimuli while they were watching a silent movie. The EEG was registered with 21 electrodes using Synamps ampli-
fier (sampling rate 250 Hz, bandwidth 0.5–70 Hz). There were 783 standards and 120 deviants in the EEG recording,
deviant probability being 0.13. The stimuli were the same as in the discrimination task. The training task was also self-
paced and the participants were instructed to listen to the stimulus and repeat it (this was recorded, but the results are
not discussed here). No feedback was given in order not to provide any cues of the stimuli and to discover only the
possible training effects. The same stimuli were used in the training as in the discrimination and EEG recordings.
The two stimuli were presented in an alternating manner, 30 times each.

During the initial three testing sessions, the ID and GR task was performed first, after which the oddball discrimination
and the EEG measurements were conducted in a counterbalanced order. Training was carried out last during the first
day, before and after testing during the second day, and before testing on day three. In the follow-up, the participants
performed the same tasks and measurements in the same manner, but only once and without training. This was the
overall set-up for the less experienced learners. The data from the less experienced learners reported here are the
baseline, the third and the follow-up session measures. The more experienced learners were overall tested otherwise
similarly but without the follow-up. However, the results of the more experienced learners reported here are from the
baseline measurements only (see Fig. 1).

2.4. Data analyses

The ID data was subjected to a logit transformation analysis to obtain category boundary location and boundary
steepness. The mean GR values were calculated from the ten repetitions for each stimulus. The RT was measured from
the onset of the stimulus and responses within ± 3 standard deviations were included. The d’ was calculated using the
hits, misses, false alarms, and correct rejections.

The event-related potential (ERP) epochs (550 ms window including a 50 ms pre-stimulus period) were off-line fil-
tered with a 1–30 Hz bandpass filter and the artefact criterion was ± 100 mV. Baseline correction period was from
50 ms before stimulus onset to stimulus onset. By subtracting the standard response from the deviant response, the
difference waveforms were created for each participant. The time window for quantifying the MMN response was
300–340 ms for both groups. The time window for the N1 response was 205–225 ms for the less experienced learners
and 190–210 ms for the more experienced learners. The time windows were selected around the maximum amplitudes,
Fig. 1. The outline of the study. The first testing and training took place on three consecutive days for the less experienced learners
(Tamminen et al., 2015) and for the more experienced learners (Tamminen and Peltola, 2015). The follow-up for the less experienced
learners was conducted a year later. Data reported here are the baseline for both groups as well as the third day and the follow-up for
the less experienced learners (shaded area).
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and therefore the N1 time windows are different for the two groups. The difference between the standard and deviant
stimuli started at 71 ms resulting in seemingly greater response latencies (both MMN and N1), and the time windows
were selected accordingly. Fricatives also increase the latency of the response (e.g., Pereira et al., 2018).

The statistical analyses were conducted so that the less experienced learners’ baseline or third session was com-
pared to the follow-up session, and in addition, the less experienced learners’ baseline and follow-up were compared
to the more experienced learners’ baseline sessions. The within-group comparisons were conducted with repeated
measures Analysis of Variance (ANOVA) and the between group analyses were carried out by Multivariate Analysis
of Variance (MANOVA). Pairwise comparisons were performed when necessary. The ERP data were analysed sepa-
rately for the MMN and N1 with a Group (2) � Electrode (6) analysis when the groups were compared, or Session (2) �
Electrode (6) analysis when the less experienced learners’ sessions were compared. The MMN is most prominent at
fronto-central areas (e.g., Kujala et al., 2007) and hence electrodes Fz, Cz, F3, F4, C3, and C4 were selected for
the analysis. The behavioural data were analysed separately for the category boundary location, category boundary
steepness, discrimination sensitivity, and RTs, all with a Group (2) or Session (2) analysis. The GR data were analysed
with a Group (2) � Stimulus (5) analysis, when groups were compared, or Session (2) � Stimulus (5) analysis, when the
less experienced learners’ sessions were compared. The goodness ratings were analysed for the prototypes (less expe-
rienced learners: 3 and 13; more experienced learners: 2 and 13) of the categories, the trained stimuli (7 and 10) and the
border (9). The data were normally distributed and the p-values varied as follows: ID 0.085–0.187; GR 0.054–0.951;
RT 0.082–0.877; d’ 0.050–0.569; MMN 0.060–0.991; and finally, N1 0.075–0.953.

3. RESULTS

3.1. ERP results

The statistical analyses showed no significant effects when the MMN responses of the less experienced learners in
the last session during the initial training and the follow-up session were compared. In other words, the established train-
ing effect was seen also in the follow-up. Further, the analyses did not reveal any difference in the MMN response
between the less experienced learners’ follow-up session and the more experienced learners’ baseline session since
no main effect of Group was found. The analysis comparing the baselines showed a tendency for enhanced amplitudes
in the more experienced learners compared to the less experienced learners (F(1,17) = 3.837, p = 0.067). See Fig. 2
and Table 1 for the MMN results.

The N1 responses in the first three sessions did not differ from each other as shown by the pairwise comparison of
the sessions. However, in the less experienced learners, the N1 response was larger in the follow-up than in the base-
line session as shown by the main effect of Session (F(1,7) = 6.095, p = 0.043). Moreover, no main effect of Group was
found when the less experienced learners’ follow-up and the more experienced learners’ baseline N1 responses were
compared, suggesting similar N1 responses in these groups. However, there was a significant main effect of Group (F
(1,17) = 6.164, p = 0.024) when the baselines were compared, indicating a larger N1 in the more experienced learners
than in the less experienced learners. See Fig. 2 and Table 1 for the N1 results.

3.2. Behavioural results

All the behavioural results are shown in Table 2. Statistical analyses revealed no significant changes in the category
boundary when comparing the baseline and the follow-up sessions of the less experienced learners. However, there
was a significant change in category steepness (F(1,6) = 6.008, p = 0.050) between the less experienced learners’
baseline and follow-up. There were no differences between groups when the less experienced learners’ follow-up
and the more experienced learners’ baseline sessions were compared. However, the category steepness was signifi-
cantly different, i.e. more systematic in the more experienced learners, (F(1,17) = 6.397, p = 0.022) when the baseline
sessions of the two groups were compared, but the category boundary was the same.

The comparison of the GR data between the baseline and follow-up sessions in the less experienced learners
revealed the main effect of Stimulus F(2,24) = 5.449, p = 0.003) indicating that the stimuli were rated differently. An inter-
action between Stimulus and Session (F(4,24) = 3.136, p = 0.033) was also found; i.e., the stimuli got different ratings
between the sessions. When the two sessions were analysed per stimulus, only stimulus 3, the prototype in the /fi:l/
category, was rated statistically differently between the sessions; it was rated as a better representative of the category
in the follow-up than in the baseline session. There were no differences between the groups when the follow-up of the
less experienced learners and the baseline of the more experienced learners were compared. However, the comparison
of the groups’ baselines showed an interaction between Stimulus and Group (F(4,64) = 3.673, p = 0.009), indicating that
the groups rated the stimuli differently.



Table 1
The mean N1 amplitudes from the 205–225 ms and 190–210 ms time windows for the Less experienced learners and the More
experienced learners, respectively, and the mean MMN amplitudes from the 300–340 ms time window for both groups. Standard
deviations are in brackets.

Fz Cz F3 F4 C3 C4

N1

Less experienced learners �0.692 �0.590 �0.529 �0.479 �0.370 �0.237
baseline (2.129) (2.393) (2.044) (2.083) (2.066) (2.206)
Less experienced learners �1.911 �1.813 �1.907 �1.681 �1.415 �1.100
year after (1.307) (1.323) (1.250) (1.297) (1.293) (1.281)
More experienced �2.317 �2.479 �1.952 �2.357 �2.020 �2.336
learners baseline (1.295) (0.752) (1.306) (1.184) (0.923) (0.912)

MMN

Less experienced learners 0.053 �0.284 0.247 0.219 �0.126 0.059
baseline (1.275) (1.363) (1.311) (1.300) (1.254) (1.363)
Less experienced learners �0.382 �0.615 �0.369 �0.355 �0.537 �0.429
year after (0.644) (0.750) (0.611) (0.849) (0.786) (0.902)
More experienced �1.345 �1.778 �1.088 �1.269 �1.300 �1.529
learners baseline (1.964) (1.927) (2.026) (1.790) (1.973) (1.484)

Fig. 2. The grand average difference waveforms for Less experienced learners and More experienced learners. The thin line
represents the baseline measurement and the thick line the follow-up session of the Less experienced learners and the dotted line
represents the baseline of the More experienced learners. The difference between the stimuli begins at 71 ms shown by the vertical
black line at each electrode.
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Reaction times were different (F(1,7) = 11.299, p = 0.012) between the baseline and follow-up sessions in the less
experienced learners, i.e. the follow-up RT was faster. However, the discrimination sensitivity was the same. The reac-
tion times or the discrimination sensitivities did not differ between the less experienced learners’ follow-up and the more
experienced learners’ baseline sessions, or between the two groups’ baseline sessions.



Table 2
The mean ID (category boundary location and steepness), GR (prototypes, training stimuli and border), and discrimination (d’ and RT)
values. Standard deviations are in brackets.

ID GR Discrimination

boundary steepness proto training border training proto d’ RT

Less experienced 9.3 0.95 4.6 3.9 3.7 4.0 4.7 3.45 763
learners (0.42) (0.55) (1.41) (1.08) (1.39) (1.17) (0.92) (0.89) (118)
baseline
Less experienced 9.1 1.44 5.4 3.9 2.9 3.6 4.5 3.87 640
learners (0.89) (0.44) (0.91) (0.93) (0.71) (1.18) (1.00) (0.39) (107)
year after
More 8.9 1.58 5.8 4.2 2.9 3.8 4.4 3.64 674
experienced (0.65) (0.49) (0.96) (1.35) (0.66) (0.84) (0.91) (0.85) (98)
learners baseline
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4. DISCUSSION

The purpose of our study was to find out whether listen-and-repeat training induces long-lasting foreign language
sound representations for less experienced learners, and whether training induced learning results in similar processing
as a prolonged classroom learning. Foreign, or second, language perception in these two groups was measured using
psychophysiological measures (MMN and N1) and behavioural listening tasks.

The plastic changes of neural processing in the less experienced learners were persistent since the MMN response,
which originally became enhanced by training, did not differ between the follow-up session a year later and in the last
session of the original training sessions. The training induced response, hence, did not diminish significantly during the
year. In addition, the less experienced learners’ follow-up MMN response was not different from the baseline MMN of
the more experienced learners. Further, the comparison of the baseline MMN responses showed larger MMNs in the
more experienced learners than in the less experienced learners (Table 1 and Fig. 2), the effect remaining a tendency
probably because of the unfortunately small group of less experienced learners. These results indicate that the three-
day listen-and-repeat training forms long-term memory traces, which are comparable to those of highly advanced target
language students. In behavioural performance, training effects have been shown to last for a month (Fouz-González
and Mompean, 2021; Kraus et al., 1995) and even for a year (Escudero and Williams, 2014).

Our behavioural results corroborate the MMN results. None of the behavioural measures differed between the less
experienced learners’ follow-up and the more experienced learners’ baseline. However, the baseline comparisons
revealed between-group differences in some of the behavioural measures. The difference in category boundary steep-
ness indicates that the less experienced learners were not as systematic in placing the category boundary before train-
ing as the more experienced learners were. The two groups also rated the goodness of the stimuli differently in the
baseline sessions. The native language of the less experienced learners most probably hindered systematic identifica-
tion of the foreign sounds before training. Comparisons within the less experienced learners, however, revealed some
changes: the systematicity in placing the category boundary was better, the prototype of the /f/ category was rated
higher and the RTs were faster in the follow-up compared to the baseline. The native language /f/ is identical to that
of the target language which might explain the higher rating of the prototypical member of the category (Kuhl, 1991),
even though the fricative was presented in a foreign language context (/fi:l/). Reaction times tend to become faster
in the course of a training study as participants become familiarised with the task and the stimuli. However, in this study,
the decrease in the RTs was found in the follow-up a year later, which is why the familiarisation effect might not be as
strong. All in all, production training has been shown to improve perception whether the training is instructed (e.g.,
Kartushina et al., 2015; Lee et al., 2020; Linebaugh and Roche, 2015) or not (e.g., Saloranta et al., 2022, 2020;
Tamminen et al., 2015). However, these studies did not measure training effects in long-term follow-up sessions. To
summarise the behavioural results, training was both effective and long-lasting, and there were no group differences
in any of the behavioural measures between the less experienced learners’ follow-up and the more experienced learn-
ers’ baseline. In other words, the plastic changes achieved in behavioural perception by the less experienced learners
were at the same level with the more experienced learners. However, the unfortunately small number of participants in
the follow-up session and the possible implications it may have had on the results need to be acknowledged.

The most surprising finding was the change in the N1 response. During the original three-day training sessions of the
less experienced learners, the N1 remained stable. However, after one year, it was significantly larger. Further, the less
experienced learners’ follow-up N1 was similar to the baseline N1 of the more experienced learners, whereas the base-
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line N1 responses were different between the two groups. The increased N1 response, elicited without further training,
may be connected with the mechanism behind the effortless acquisition of speech. In other words, some kind of
increase in sensitivity had occurred in the less experienced learners during the year between the initial training and
the follow-up. The amplitude of this sensitivity indicator in the less experienced learners in the follow-up was at the same
level as in the more experienced learners with extensive studies and with excellent language proficiency. This increased
sensitivity might refer to a mechanism that enables the speech processing apparatus to be open for further learning, and
to deep-rooted learning, which takes place automatically by itself. Finns are exposed to English through, for example,
TV, which may have facilitated the consolidation of the speech memory traces after the initial training sessions. Con-
sistent with our results, Saloranta et al. (2020) showed in their speech sound duration training study, with listen-and-
repeat training, that an N1 response was elicited by an untrained linguistic contrast a week from the last training session.
They suggested that this reflects the brain becoming more sensitive to the contrast. Since the N1 generates to attention-
catching properties of an event and may reflect the sensitivity growth to the previously learned (Kujala and Näätänen,
2010; Näätänen et al., 2011), its enhancement by training might reflect an increased sensitivity of the speech processing
apparatus, making it more alert to detect the different auditory features (ibid.), i.e. the voiced and voiceless fricatives.

To conclude, the listen-and-repeat training of the difficult foreign sound contrast induced long-term memory traces,
reflected by MMN and behavioural tests, in less experienced learners, and the memory traces were detectable one year
from the initial training. Further, these memory traces were comparable to those of more experienced learners. The most
striking finding was the less experienced learners’ increased N1 response similar to that of the more experienced learn-
ers, which may indicate sensitisation towards the learned difference and the openness of the learning process. These
results suggest that a small amount of repetition training without feedback, similar to that used in schools, is effective
and leads to perception that is comparable to that achieved with prolonged classroom learning.
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