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Abstract

The purpose of this study was to determine whether a short listen-and-repeat training paradigm can be used
to train vowel duration discrimination and production, and whether any learning effects are transferred to an
untrained vowel or a non-linguistic sound. Similar training has previously been used to train vowel quality
contrasts to young adults and children, with results showing up both in behavioral and psychophysiological
measurements. Unlike vowel quality, segment duration can be considered to be a suprasegmental feature that is
not directly dependent on any other acoustic feature of the sounds being trained. It is therefore plausible that it
can be learned a separate skill and generalize to untrained segments, and even non-linguistic sounds. Participants
were 18-30-year-old healthy adults with normal hearing, who were not native Finnish speakers and had spent
little time in Finland. The stimuli were semisynthetic Finnish pseudoword pairs /tite/-/ti:te/ and /tote/-/to:te/. A
sinusoidal tone pair served as the non-linguistic stimulus. The behavioral measurements employed in the study
were an oddball discrimination task for all three stimulus pairs, and a listen-and-repeat production task for both
of the vowel pairs. No feedback was given. The experiment was conducted in three sessions over three days. The
first two consecutive days consisted of baseline measurements for all the stimuli and four blocks of production
training. The third day, taking place 1-2 weeks after the second, consisted of full progress measurements. The
results show that the training did induce changes in discrimination sensitivity and production of the trained
length contrasts, though not all effects remained at the end of the experiment. This suggests that while the
processing mechanisms related to the processing of duration contrasts are somewhat separated from the
processing of vowel quality, it seems that they can be accessed with this kind of training.
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1. Introduction

Finnish is a quantity language, which means that the duration of phonetic segments has a
phonologically distinctive role in it. The Finnish quantity system is fairly extensive, with all
vowels and most consonants displaying length differences that can occur in all syllables for
vowels (Suomi et al. 2008:48). For example, all lengthening combinations of the voiced
segments in the Finnish word /tule/ are phonologically distinctive. Quantity systems of this
extent are somewhat rare in most major languages in the world; segment duration is more
typically used to denote stress or other similar, not necessarily phonological features. Many
L2 learners of Finnish, therefore, are faced with having to learn this ubiquitous feature and it
is often considered quite difficult. The purpose of this paper is to present results from a
training scheme aimed at training the perception and production of vowel duration in speakers
whose native language does not contain such features.

Most modern models of second language acquisition predict that perception and
production of sounds that do not exist as such in the speaker’s native language is difficult.
Both the Speech Learning Model (SLM) by James E. Flege (e.g. Flege 1987) and the
Perceptual Assimilation Model (PAM) by Catherine Best and Winifred Strange (e.g. Best and
Strange 1992) present a similar view, in which a novel phoneme category from a foreign
language is assessed based on the existing phonemic system in the native language. Both
models differentiate between completely new categories, such as consonants that do not
resemble any existing native language ones, and similar categories that partially match ones in
the native language, but differ systematically. The most difficult situations arise in the case of



similar categories, when the learner needs to be able to perceive a phoneme category
difference where one does not exist in their native language. An example of this is the
existence of a phonemic contrast between voiced and voiceless sibilants in English from the
viewpoint of a Finnish speaker: Finnish only has one voiceless sibilant phoneme that may
become slightly voiced in certain phonetic environments. Both the PAM and the SLM view
this as a situation where both categories are considered to be members of a single category in
the native language, and therefore both sibilants are thought to be exemplars of the native
sibilant category.

The learning problems detailed in the previous paragraph stem from the early influence of
the native language on the perceptual system. Very young children of only a few months of
age are able to differentiate phonetic differences from any language very accurately, but
already by six months the brain starts to become desensitized to phonetic variation that is non-
distinctive in the native language (Kuhl et al. 1992). This has been demonstrated also by
Iverson et al (2003), who showed that native Japanese speakers show highly reduced
sensitivity to changes in the F3 formant in the English /r/-/1/ contrast, explaining the notorious
difficulty Japanese speakers have with this contrast. Accordingly, Finnish speakers have been
shown to have a higher degree of sensitivity to phonetic duration differences than Germans
(Kirmse et al. 2008), and they also appear to have phonemic categories for lengths while
Russian speakers do not (Ylinen, Shestakova, et al. 2005). Furthermore, in a study examining
the acquisition of a Swedish quantity contrast, speakers of Estonian, a quantity language,
performed better than speakers of English and Spanish in which segment duration has a much
less prominent role (McAllister et al. 2002).

Relatively few training studies have been conducted on training the Finnish quantity
system using L2 learners of Finnish as the test subjects. Some studies, however, have been
conducted on L2 learning and training of the phonological quantity in Japanese, which is
highly similar to the Finnish system. Both languages have a binary quantity system, meaning
that they differentiate between long and short phonemes (Isei-Jaakkola 2004:1). Quantity can
be contrastive in all vowels and most consonants (Meister and Meister 2013:79; Suomi et al.
2008:41) and both languages also allow vowel lengthening in any syllable (Meister and
Meister 2013:80; Suomi et al. 2008:41). Due to these similarities, an L2 learner of Japanese
can be said to face difficulties similar to a learner of Finnish, and it is therefore of interest to
examine results from training studies conducted in a Japanese learning context.

Hirata, Whitehurst and Cullings (2007) trained young adult native English speakers to
identify Japanese vowel length contrasts in carrier sentences at different speaking rates. The
training consisted of a basic forced-choice identification task with feedback using naturally
produced stimuli. Subjects trained with a total of 540 stimuli, divided in to four sessions over
11-17 days. The study found significant, although weak, improvement in the perception of the
length contrasts for the group that received training with the lowest speaking rate.
Generalization effects were not tested. Tajima et al (2008) used minimal-pair identification
training with feedback in training 19-25-year-old native Canadian English speakers to
distinguish between Japanese vowel and consonant length contrasts. All tasks consisted of
forced-choice identification, where the subjects heard the stimulus and were instructed to
choose between transcriptions. Subjects were given immediate feedback during training. The
total amount of training was 15 sessions over 5 days, lasting on average 35-60 minutes/day
with a total of 3600 training trials. Identification performance improved slightly on the tested
contrasts, but no generalization effects to untrained stimuli or to new talkers were found.
Okuno (2014) trained L1 English university students of various experience levels on



identifying Japanese vowel length contrasts using audio only and audiovisual training. The
training groups underwent eight 25-minute sessions of forced-choice identification training of
the stimuli, with waveforms acting as the visual component for the audiovisual group. The
perception task and the training used natural bisyllabic stimuli produced by native speakers of
Japanese and feedback was given for all answers. Both training groups were able to improve
their identification accuracy in comparison to the control group, with no statistically
significant difference between the two training types. The effects generalized to both
untrained tokens and previously unheard talkers. Notably, production accuracy also increased
in both group vs the control group, even though no production training was given.

While the previous studies show that vowel and consonant length perception (and to some
extent, production) can be improved with perceptual training, the results are somewhat mixed.
All studies reported improvement in the perception of length contrasts, but the effects
remained relatively minor, and generalization to new talkers or stimuli did not occur
consistently, in spite of the large amount of training the subjects received. It seems, therefore,
that perceptual training alone may not be sufficient for reliable acquisition of length contrasts.
What is notable is the lack of studies using production training on length contrasts, even
though production training has been shown to elicit good results in training of other L2
contrasts, with results visible both behaviorally and psychophysiologically. A recent study
(Taimi et al. 2014) showed that young children can learn to produce a novel vowel quality
contrast in just two days of listen-and-repeat training. In the study, 7-10-year-old Finnish
children trained the production of the Swedish /u/ — /y/ contrast that is not found in Finnish.
Already after three of the four short sessions of training, meaning 90 of a total of 120
repetitions of the contrast over two days, the children were able to modify their productions
and accurately produce the previously unfamiliar vowel. In another study (Saloranta et al.
2015) the same listen-and-repeat procedure, enhanced with instructions, was used to train the
same contrast in 18-30-year-old adults. The participants were able to modify their productions
after just one session of training, during which they had simply been made explicitly aware of
the novel contrast in the stimuli. Listen-and-repeat training also proved effective with
linguistically oriented senior subjects, who were able to modify their production of a foreign
vowel contrast after two days of training (Jahi et al. 2015). It has also been shown that a
similar, three-day production training scheme can create new memory traces for novel
second-language contrasts (Tamminen et al. 2015) or further strengthen existing ones
(Tamminen and Peltola 2015).

The success of the production training schemes described above may result from a
combination of several aspects. Previous studies (e.g. Guion and Pederson 2007; Pederson
and Guion-Anderson 2010) have shown that training focusing the subjects’ attention
specifically on aspects relevant to the trained feature may aid in their learning. This approach
was highly successful in Saloranta et al (2015), in which the training was enhanced with
instructions with the dual purpose of both focusing the subjects’ attention on the acoustically
relevant features of the contrast and helping them form the articulatory gestures necessary for
the production of the non-native vowel. It seemed that redirecting of attention enable the
subjects to focus on the relevant acoustic differences in the trained contrast. Another reason
for the success of listen-and-repeat training may be the interconnectedness of speech
perception and production. The Directions Into Velocities of Articulators (DIVA) model (e.g.
Guenther and Hickok 2015) suggests that the development of correct motor patterns for
speech production in childhood is linked to the development of perceptual categories. The
model posits that children develop their native phonetic categories during the first months of
life, and then use them as models for the development of production motor patterns. During



its development, the system employs the brain’s motor and acoustic feedback systems, but in
later life the system is mainly maintained by the acoustic feedback system (Perkell 2012), i.e.
the person hearing themselves and others speak and subconsciously altering and correcting
their own speech. Experimentally, it has been shown that perceptual changes can be elicited in
as little as 45 minutes of phonetic categorization or discrimination training with feedback due
to warping of the perceptual space by new stimuli (Guenther et al. 1999). Phonetic training
has been shown to improve production of non-native consonant contrasts (Bradlow et al.
1997; Tajima et al. 2008), and it has also been shown that relatively little articulatory
production training can also improve perception of novel vowel and consonant contrasts
(Catford and Pisoni 1970). Listen-and-repeat training may be efficient in combining the
benefits of these methods by providing the subject with a new target that they can learn to
both discriminate and produce simultaneously, with feedback coming from the subject’s own
productions.

The purpose of the current study is to examine the effectiveness of a listen-and-repeat
production training scheme on the perception and production of vowel duration differences.
There are three main research questions stemming from previous research. Firstly, can vowel
duration be trained similarly to and as quickly as vowel quality? Speech segment duration and
quality are processed separately in the brain, suggesting they are two different systems
(Ylinen, Huotilainen, et al. 2005) meaning that they may not behave similarly under similar
training. Secondly, are any possible learning effects transferred to other, untrained vowels?
Previous duration training studies, such as the ones presented earlier, have not consistently
shown generalization effects, but the training employed in them has focused mainly on
discrimination with no production elements. Finally, does training with linguistic stimuli
affect discrimination of duration in non-linguistic sounds? It has been suggested that temporal
processing in both speech and non-speech is done using a general neural mechanism
(Liégeois-Chauvel et al. 1999), and if duration discrimination can indeed be learned as
separate feature from individual segments, it stands to reason any increases in accuracy could
also be seen in non-speech sounds.

2. Materials and methods
2.1. Subjects

Subject recruitment was under special scrutiny in this project, as care had to be taken to
ensure that the subjects' native languages contained no phonological length in any types of
sounds. While a quantity system similar to the Finnish one in extensiveness is found in few
languages and the quantity distinctions in the study would likely prove difficult for speakers
of most major world languages, any languages containing phonological length contrasts were
ruled out. This was done to ensure that all subjects would be able to discriminate the length
distinction equally poorly at the beginning of the experiment. Subjects consisted of 7 (6
female) 19-29-year-old healthy, normally hearing and right-handed adults, who were recruited
among the exchange students entering the University of Turku. All subjects volunteered to
take part in the project and were not compensated for their participation in any way. Upon
volunteering for the project, subjects were first asked to provide basic information about their
eligibility, which included age, native language, other spoken languages, pre-existing
neurological conditions or medications, handedness and length of stay in Finland. Should the
subject be eligible, this information was clarified further on the first test day before the
beginning of the actual experiment in order to make the final eligibility decision. Language
skills were self-evaluated in three separate sections regarding overall language ability,



frequency of language use and frequency of passive exposure to the languages in the media
etc. The subjects were spoken to in English during the experiment. The subjects’ hearing on
the 100-4000 Hz range at 5-25 dB was tested using a Grason-Stadler GSI 18 audiometer. No
subject showed any substantial hearing problems in this range. Written consent was obtained
from all subjects for the use of the data in this and future projects.

2.2. Stimuli

Three stimulus pairs were synthesized for the experiment. Two of them functioned as
linguistic stimuli, consisting of Finnish two-syllable pseudoword pairs /tite/ - /ti:te/ and /tote/ -
/to:te/, differing in the length of first syllable. The former will from here on be called the
trained linguistic pair, and the latter the untrained linguistic pair. The third, non-linguistic pair
consisted of sinusoidal tones mimicking the main temporal and spectral structure of the
pseudowords. The short members of the pairs were 392 ms long, and the long ones 428 ms;
first syllable lengths were 154 ms and 194 ms, respectively. The linguistic stimuli were
synthesized using the semisynthetic method SSG (Alku et al. 1999), which uses an extracted
glottal excitation waveform from a real speaker, producing natural sounding stimuli with
phonetic features that can be carefully controlled. The lowest sinusoidal tone of the non-
linguistic stimuli were adjusted to be equal to the mean of the F1 and F2 frequencies in the
corresponding vowel of the linguistic stimuli. In addition to the lowest tone, the non-linguistic
stimuli consisted of one sinusoidal per every 1 kHz and the non-voiced sections were
synthesized with a 6" order linear prediction filter (Makhoul 1975) excited with white noise.
All stimuli were synthesized at the Department of Signal Processing and Acoustics at Aalto
University.

2.3. Discrimination task

The discrimination tasks were all performed using an oddball paradigm, with 130 short
stimuli as the standards and 20 long ones as the deviants, with an interstimulus interval (I1SI)
of 1000 ms. The stimuli were presented binaurally with Sennheiser HD 25-1 1l headphones
connected to a desktop PC running Presentation version 16.3 by NeuroBehavioral Systems. In
the task, subjects were told that they would hear two stimuli, either words or sounds, with one
being repeated often and the other only occasionally, and that they should press the response
button as quickly as they could when they heard the less frequently occurring stimulus.
Subjects were not told any specific qualities of the stimuli, only whether they would be
hearing words or sounds. No feedback was given. Reaction times to and detection rates of the
deviants were measured in each task from the beginning of the stimulus, and the latter were
used to calculate discrimination sensitivity (d”) in all instances of the task.

2.4. Production task and training

A listen-and-repeat paradigm was used as both the training task and as the measure of
production skills in the experiment. In both cases, a stimulus pair was presented binaurally in
an alternating long-short pattern with an ISI of three seconds using the Sanako SLH-07
headset and Sanako Lab 100 software. Similarly to the discrimination task, subjects were not
given any specific information pertaining to the stimuli they heard; they were simply told to
repeat each word they heard as accurately as they could, according to their own judgment.
The main difference between the production task and the training phase was the length of the
stimulus blocks: during training, the subjects repeated the stimulus pair 30 times per block,
while the production task consisted of 10 repetitions. In total, the subjects therefore repeated



the trained linguistic pair 150 times and the untrained 10 times. Before each training block,
the subjects were told that if they felt they had any problems repeating the words correctly
during the baseline recording, they could use the following blocks as a chance to practice. If
they did not feel like they needed to practice, they were told to still repeat each word in order
to ensure the same amount of repetitions between subjects. The production task was
performed only with the trained linguistic pair on the first two days, and with both linguistic
pairs on the third. The untrained linguistic stimuli were only tested on the third day in order to
minimize production experience with them, and to have them remain truly untrained
compared to the trained stimuli. Only the trained linguistic pair was used during training.

Whole word durations, initial syllable durations and initial syllable vowel durations were
measured from all recorded words using the Praat software version 6.0.0.5 (Boersma and van
Heuven 2001). It was decided that analysis would focus on the length of the vowels produced
in the first syllable. This was done because several of the subjects produced the ends of the
words with strongly breathy articulation, making the endpoints difficult to determine.
Furthermore, the change in duration that was being trained occurred in its entirety in the
vowel of the first syllable, and changes in production were also expected to happen there. The
data was further normalized by calculating the ratios between the long and short syllables by
dividing the length of the long vowels by the length of the short vowels in each session. This
minimized the effects of speaking rate between individual subjects, as only the relative
difference between long and short productions was being examined.

2.6. Experiment structure

A three-day structure was employed in the experiment, consisting of baseline/progress
measurements on each day and listen-and-repeat training on the first and second day. The
measurements were performed on all stimulus pairs on the first and third days, and only on
the trained pair on the second day. This was done to gauge the effectiveness of the training on
the trained stimuli immediately after training had stopped, while simultaneously giving any
transfer of learning effects more time to manifest. The order of the measurement and training
blocks can be seen in Figure 1. At the end of the third day, subjects were asked to briefly self-
evaluate their performance in the experiment and to discuss any difficulties they faced during
it.

In addition to the behavioral experiments discussed in this article, electroencephalography
(EEG) recordings were also performed for all stimulus pairs in order to measure mismatch
negativity (MMN) responses for each of the contrasts. In each block, the subjects heard each
short member of the stimulus pairs 874 times, and each short member 140 times while
attending to a silent movie. Responses for the trained linguistic stimuli were measured on all
test days, and on the first and third days for the untrained linguistic and non-linguistic pairs.
Results from these measurements will not be discussed in this article.



Figure 1. Structure of the experiment. On Day 1 and Day 3, all three stimulus pairs were used in the
baseline/progress measurements, apart from the production task baseline in which the untrained linguistic or the
non-linguistic pairs were not used. All four training sessions and the progress measurements on Day 2 were
conducted with only the trained linguistic stimuli.

3 Results

In the self-evaluation, all subjects correctly identified segment length as the feature being
studied, despite having not received any feedback or information regarding it. Most subjects
felt that the experiment had become easier as it progressed, but some of them felt that they
could still have done better. The non-linguistic stimuli were considered to be the most
difficult to discriminate by nearly all subjects, followed by the untrained linguistic, but most
subjects felt their performance was comparable with all stimulus types by the end of the
experiment. No subjects self-reported any regression in their performance on the third day.
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Figure 2. Average reaction times and average sensitivity in the discrimination task on separate days. The
numbers 1-3 on the x-axis represent the experiment day on which each value was measured for the given
stimulus: the trained linguistic stimulus /tite/ was measured on all three days, while the other two were measured
on the first and last day.



Individual subject discrimination sensitivity scores
Titel d' | Tite2d' | Tite3d' | Toteld' Tote3 d Sineld’ Sine3 d’

S01 0,23 2,41 3,05 0,36 3,94 0,51 3,28
S02 3,05 4,61 4,31 0,71 2,26 2,41 3,10
S03 0,71 2,30 0,96 2,41 2,31 0,71 1,02
S04 4,61 4,37 3,95 4,31 4,31 3,70 4,31
S05 3,19 4,31 3,70 3,47 4,28 3,51 3,34
S06 1,15 2,88 2,06 3,04 2,00 3,70 4,31
So7 3,70 4,61 4,61 3,95 4,61 3,34 3,51
AVG 2,45 3,78 3,35 3,00 3,48 2,53 3,00
STDEV 1,53 0,82 1,18 1,5 1,1 1,2 1,04

Table 1. Scores of individual subjects in the discrimination task
and the group averages and standard deviations.

Average first syllable ratios

Toote3/tote3

Tiitel/titel Tiite2/tite2  Tiite3/tite3

Figure 3. Average production ratios for the trained stimuli (recorded on all days) and the untrained stimuli
(recorded on the last day).

Statistical analysis of the results started with the average discrimination sensitivity scores
(Figure 2). A Repeated Measures Analysis of Variance (ANOVA) with Word(3) X Session(2)
was run to compare scores between the baseline and endpoint in all words. No effects reached
significance. In order to examine the effectiveness of the training on the trained stimulus
alone, an ANOVA was performed with Session(3). This resulted in a main effect of Session
(F(2,5) = 9,907; p = 0,018), indicating that discrimination sensitivity was different between
sessions. Post hoc paired samples t-tests were performed in order to compare differences
between individual sessions. This revealed a significant difference between Sessions 1 and 2
(t(6) = -4,280; p = 0,005) but not between Sessions 1 and 3, indicating that compared to the
baseline, discrimination of the trained stimuli was significantly improved directly after the
training, but that the effect was possibly not retained.



The statistical analysis of discrimination sensitivity indicates that it peaks in the second
session, with the third showing values similar to the untrained linguistic and non-linguistic
stimuli. In order to further examine this result and rule out the effects of major outliers,
individual scores for discrimination sensitivity are presented in Table 1. This reveals a wide
range of baseline values. The ceiling value for this score is 4,61, and one of the subjects, S04,
was able to achieve it already in the first session, before any training had taken place. Most,
however, display lower baseline scores. Examination of Session 2 shows an increased score
for all but one subjects, S04, whose score decreased from the ceiling level they were able to
achieve in the first session. In the third Session, however, 5/7 subjects show a decrease in
their discrimination scores compared to the second session. Only subjects SO1, who continued
a steady increase from baseline, and SO07, who achieved ceiling level in Session 2, were able
to increase or maintain their scores. The score for S04, who achieved ceiling level in the first
Session, decreased further. These individual data therefore corroborate the results of the
statistical analysis: for most subjects, discrimination performance with the trained stimuli
indeed improved after training, but declined between the second and third session.

Statistical analysis of the baseline and endpoint discrimination reaction times started with
an ANOVA with Word (3) X Session (2). This resulted in a main effect of Session (F(1,6) =
9,001; p = 0,024) and Word (F(2,5) = 8,399; p = 0,025), indicating that the reaction times
were different between the baseline and endpoint sessions and that they were different in
different words. In order to examine these effects further, post hoc tests were conducted,
starting with paired samples t-tests between the first and last sessions for each word. Of these,
only the reaction times for the non-linguistic stimuli showed statistically significant decrease
between sessions 1 and 3 (t(6) = 3,144; p = 0,02). Next, paired samples t-tests comparing
reaction times between words within sessions were conducted. The difference between the
trained linguistic stimuli and the non-linguistic stimuli reached significance in Session 1 (t(6)
= -2,687 ; p = 0,036) and Session 3 (t(6) = -3,144; p = 0,02). No other tests reached
significance.

Analysis of the production ratios, seen in Figure 3, began with an ANOVA with
Session(3) for the trained words. No significant effect was found. The ratios for the trained
words in different sessions were then compared to the single ratio for the untrained word
using paired samples t-tests. A significant difference was observed in Session 2 (t(6) = 1,824;
p = 0,024) and in Session 3 (t(6) = 3,776; p = 0,009) but not in Session 1, indicating that the
trained words were produced with long/short vowel ratios similar to the untrained ones before
training, but not after it.

4 Discussion

In this article, a listen-and-repeat training scheme for the training of vowel duration
perception and production was presented. The aim was to find out whether improved vowel
duration perception and production could be achieved with a relatively short three-day
training paradigm, whether any training effects would transfer to an untrained vowel, and
whether improved perception could also be detected in non-linguistic duration differences of
similar magnitude. Research was backed by previous successful training effects results from
similar production training paradigms in improving both behavioral and psychophysiological
perception and production of vowel quality contrasts. Furthermore, some results from earlier
studies using perceptual training of vowel durations showed that improved perception of
duration can be trained, although the effects may be minor, and that generalization of the
training results is also possible, though not consistently achieved.



The results from the study are somewhat mixed, although promising. Signs suggesting
potential efficacy for the method could be observed, as some training effects for the trained
stimuli emerged in both the discrimination scores and the production task. Discrimination
sensitivity showed a statistically significant increase on the second day, but the effect
disappeared again on the third. The reasons for this apparent regression can be twofold. It
could be due to the amount of training not being enough to actually produce lasting changes
for the novel contrast, meaning that the internal model of sound perception and production, as
per the DIVA model, had begun to be modified, but the changes were too slight to have
lasting effects. Perhaps duration information is stored in the internal model differently to
quality information; the results suggesting that phoneme duration is processed separately from
quality (Ylinen, Huotilainen, et al. 2005) lend credence to this interpretation. While a similar
amount of production training did produce learning effects for vowel quantity (e.g. Saloranta
et al. 2015; Taimi et al. 2014; Tamminen et al. 2015), training may need to take into account
the more complex nature and separate processing of speech duration in order to produce more
lasting perceptual effects. On the other hand, another reason for the lack of statistical
significance may simply be the low sample size of the experiment and the increased standard
deviation, which somewhat limit the statistical power of the analyses. The decrease in the
average discrimination score between the second and third day is quite small compared to the
increase between the first and second day (0,43 vs 1,33, respectively) and it may be that more
data could maintain the effects also on the third day.

As stated, learning effects were also observed in the production results. While the trained
stimuli showed no significant between-session differences, comparative analysis between
recordings of the trained and untrained stimuli showed that while productions between the
two were statistically similar on the first day, the difference between them was statistically
significant on the second and third days. This suggests that subjects were able to change their
production of the trained stimuli, but not the untrained stimuli; had the latter been the true,
results for both words would likely have stayed similar throughout the experiment. This effect
is likely mainly caused by poor performance by the subjects in differentiating short and long
vowels in their production of the untrained stimuli; differentiation was notably, though not
significantly, better with the trained stimuli already before training and continued to improve
throughout the experiment in relation to the untrained ones. Reasons for this are unclear, as
discrimination scores were comparable in all stimuli, and no subjects reported major
difficulties with producing either of the linguistic pairs compared to the other, although the
untrained ones were thought to be slightly more difficult. More data and further analysis may
shed light on this discrepancy.

As a somewhat surprising finding, the only statistically significant changes in
discrimination reaction times were observed with the non-linguistic stimuli, whose times
showed statistically significant decrease between sessions, but remained significantly higher
than the ones for the trained stimuli throughout the experiment. The reaction times for the
untrained linguistic stimuli were somewhere in between, showing no significant change in
overall reaction times or in their relationship to the other stimuli. This seems to indicate that
the non-linguistic sounds were slower for the subjects to process in spite of the discrimination
scores showing no significant differences between the words. It may reflect the perceived
difficulty of the stimuli that was often mentioned in the self-evaluation: while subjects were
able to discriminate the stimuli as well as the others, the process was more demanding. The
slow reaction times could be explained simply by the foreign nature of the non-linguistic
sounds: pure sine tones are quite rare in everyday life and their processing is therefore likely



to be more demanding and therefore slower. The significant improvement, on the other hand,
seems like a generalization effect at first. However, considering no improvement in reaction
times was observed with either of the linguistic stimuli, the improvement here is unlikely to
show generalization. It is more likely to be a task familiarization effect: in the beginning
subjects may have been more hesitant with the foreign sounding sine tones than with the
linguistic stimuli, but in the end they felt more confident in their judgments and were able to
make decisions more rapidly, though not at the same rate as with the trained linguistic stimuli.
This is supported by the self-evaluations, where most subjects felt that the task had become
easier as it progressed from day to day.

5 Conclusion

Overall, it seems that the methodology described in this study shows promise in producing
learning results with suprasegmental contrasts, as the training was able to elicit clear,
significant changes in discrimination sensitivity and production ratios. Although statistically
significant improvement was observed in the reaction times to the non-linguistic stimuli, any
generalization effects as a result of training could not be statistically confirmed. The study
also hinted at a processing difference between linguistic and non-linguistic sounds, as the
reaction times were consistently significantly slower for the non-linguistic stimuli than for the
trained linguistic ones. The reasons for this are not entirely clear. Several studies have
successfully used similar trainings methods with vowel quality contrasts, and while the
processing mechanisms related to the processing of duration contrasts are somewhat separated
from the processing of vowel quality, it seems that they, too, can be accessed with this kind of
training. However, further research with more data is required before any confident
conclusions can be drawn about the results acquired thus far.
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