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ABSTRACT
The perception and production of non-native speech
sounds is the key to learning a new language. The
differences between the native and the target
language sound systems cause learning problems,
but orthographic conventions may also affect the
learning process. We tested whether a misleading
orthography in contrast to phonemic transcription
affects the manner in which native Finns learn to
produce a non-native speech sound embedded in a
pseudo word context. After the two day training
protocol, the subjects who, in addition to the
acoustic stimulation, were exposed to transcription
cues, significantly changed their non-native
productions according to the target. In contrast, the
subjects who trained with the orthographic stimuli,
changed their productions away from the acoustic
target and towards the visual one. This result
suggests that visual information is of crucial
importance in learning to modulate articulation
according to the target language model.
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1. INTRODUCTION
The acquisition of a foreign language demands that
new, non-native speech sound contrasts are
perceptually categorised accurately and produced
appropriately. The native speech sound categories
function as a perceptual filter through which nonnative speech sounds are perceived even at a
preattentive level of processing [16]. Also, the
production motor commands develop in accordance
with the maternal system [11]. According to the
Speech Learning Model [7] the most problematic
categories to acquire are those that resemble the
native ones but are still distinct. The Perceptual
Assimilation Model [2] points towards the same
analysis by suggesting that the most problematic
difference between sound systems is a situation
where two target language categories are assimilated
into one category in the native system. Problems in
discrimination and identification inevitably result in

production errors, since it has been shown that
perception needs to be modified before the
production patterns can start to develop [8].
Despite the strong transfer from the mother
tongue [13, 5], earlier research has shown that
language learners may overcome the obstacles and
acquire new perceptual and productional patterns.
Winkler et al. [23] showed that new memory traces
for non-native categories are formed for adult
immigrants exposed to a new language in a natural
setting and Peltola et al. [18] revealed that these
memory traces are also formed for children
attending an early foreign language immersion
programme. Flege et al. [10] showed that a low age
of exposure to a foreign language results in a less
foreign accent in the production of non-native
speech and also that a continued use of the native
language may result in the preservation of a nonnative accent [9]. Training studies have also shown
that even adult learners can learn to perceive and to
produce non-native sound contrasts [4].
Speech perception seems to be bimodal [20] in
the way that the visual input may affect the
interpretation of the acoustic input and this may be
seen e.g. in the famous McGurk Effect [15].
Therefore, in addition to the acoustic and
phonological relations between the native and the
target language, orthographic conventions may also
affect the learning process in literate learners.
Peltola [17] suggested that some perceptual
categorisation errors in the foreign language vowel
perception resulted from the transparency of the
native orthographical system and the misleading
production hints provided by the non-native nontransparent orthography. Also, Lintunen [14]
showed that training on transcription skills may
improve the production of target language speech
sounds. Therefore, it seems that the written form of
language could affect the manner in which nonnative speech is perceived and thus the effect ought
to be seen also in the production of foreign speech
sounds.
In this experiment the aim was to see how visual
orthographic and transcriptional cues affect the
production when learners are trained with the
acoustically equal and theoretically difficult

contrast. It should be carefully noted that the
learners’ native language has a transparent writing
system and a near-phonemic correlation between
phonemes and letters. Therefore, the learners link
each acoustic speech signal directly to one specific
grapheme. This may affect the interpretation of the
acoustic stimuli so that it is perceived not on the
basis of its acoustic qualities, but on the visual
presentation. The hypothesis was that the phonemic
writing system of the native language will affect the
production learning of a new non-native speech
sound so that the primary cue may in fact be the
visual one.
2. METHODS
2.1. Subjects

Twenty monolingual Finnish-speaking young adults
participated as test subjects. None of them had
studied any Nordic languages at the university level,
nor lived in Nordic countries other than Finland.
Also, none of the subjects used any Nordic
languages (other than Finnish) in their daily lives.
They participated in this study voluntarily and a
written consent was obtained from each participant.
None reported of any hearing deficits. The study was
carried out with the permission of the Ethics
Committee of the University of Turku, Finland.
Subjects were divided into two groups. First
group, “Transcription Instructions”, consisted of ten
subjects (aged 21–34 years, mean 25.8, 5 females).
The second group, “Orthographic Instructions”, also
had ten subjects (aged 20–28 years, mean 24, 5
females).
2.2. Stimuli

The stimuli represented a theoretically extremely
difficult contrast for Finnish learners /è/ – /y/. The
target word was a pseudo word /tè:ti/ where the first
syllable vowel is a rounded closed central vowel, a
category non-existent in the Finnish vowel system.
On the other hand, the non-target word /ty:ti/
contained the Finnish rounded closed front vowel.
Therefore, the contrast is perceptually difficult for
Finns, since the target vowel is similar [7] to the
Finnish vowel category /y/, or both stimulus vowels
may be said to assimilate into the Finnish /y/
category [2]. The stimuli were created using a
semisynthetic method, where the formant structure
of the vowel of interest is synthesised and the glottal
pulse excitation is from a naturally uttered word, for
more details see [1, 21]. In this manner, the stimuli
sound natural, but the acoustic characteristics can be
controlled. Therefore, the only difference between
the target and the non-target words was on the

quality of the first syllable vowel. The target vowel
had the values 338 Hz for F1 and 1258 Hz for F2,
while the non-target F1 and F2 were 269 Hz and
1866 Hz, respectively. Both in the training as well as
the recording sessions, the inter-stimulus interval
(ISI) was 3 s. The visual cues appeared on a screen
(presented using PowerPoint) at the same pace and
in synchrony with the auditory stimuli. However, in
the transcription protocol the slide show contained
the transcribed word form /tè:ti/ while in the
orthographic version the visual cue was ‘tuuti’,
showing the vowel grapheme used for denoting the
Swedish central vowel in most cases. Therefore, in
relation to the target acoustic stimulus, the
orthographical visual cue was misleading in
denoting the Finnish closed rounded back vowel /u/.
2.3. Procedure

The experiment was carried out in a sound attenued
laboratory on two consecutive days. On the first day
prior to the experiment, the subjects filled in a
questionnaire where their linguistic and educational
backgrounds as well as their current health were
carefully checked. After that they had an opportunity
to adjust the sound volume and familiarise
themselves with the experimental protocol by
listening to the target- and non-target –stimuli three
times in turns. The acoustic stimuli were presented
using Sanako Headset SLH-07 and the acoustic
outputs were registered with Sanako Lab 100 –
software, while the visual cues were shown in a
PowerPoint slide show.
On the first day the actual experiment started
with a recording block (baseline). After that there
was a training session, then again recording and
finally another training session. The second day
started with the training session followed by a
recording and training, and ending with the final
recording. Altogether, the protocol consisted of four
recordings and intermediate trainings.
In the recording and training sessions subjects
repeated in turns the target- and the non-target –
stimuli. In the recording session both stimuli were
repeated 10 times each and in the training session
both stimuli were repeated 30 times in turns. While
both groups received an identical amount of
perceptual input, the PowerPoint slide show was
different: the Transcription Instructions group saw
phonemically transcribed presentations of the
acoustic signal, while the Orthographic Instructions
group was presented with conventional written
forms of the stimuli.

2.4. Analysis

The acoustic data were analysed using Praat
software (5.3.56) [3]. We obtained the values for the
fundamental frequency, and the first and the second
formant (F1, F2) from the steady-state phase using
Linear Predictive Coding (LPC) Burg algorithm.
The F1 and F2 values were subjected to a statistical
analysis of variance (ANOVA) using IBM SPSS
Statistics (version 22). Also standard deviations
were calculated for each F1 and F2 value of each
produced word, and these data were also statistically
analysed. Further post hoc tests were performed
when required.
3. RESULTS
To begin with, we analysed the formant values by
subjecting the whole data into an omnibus ANOVA
analysis (Group(2) x Session(4) x Word(2) x
Measure(2)). The aim was to see whether this type
of an analysis would show overall differences
between the groups and whether the training
protocol affected production performance. The
analysis showed the significant main effects of Word
(F(1,18) = 188.91, p<0.001) and Measure (F(1,18) =
1677.16, p<0.001) revealing that the subjects were
able to produce the target word systematically
differently from the non-target word and that they
maintained the clear distinction between the two
formants. In addition, there was an interaction
between Word and Measure (F(3,16) = 211.34,
p<0.001) indicating that the two words differed from
each other in relation to the formant values. More
importantly, the analysis indicated that the
productions were differently affected by training
(Word x Session interaction F(3,16) = 6.35, p =
0.005) and that this different kind of a change was
found centered in one of the formants (Word x
Session x Measure F(3,16) = 3.40, p = 0.005).
Further post hoc tests performed in order to see,
which word was affected by the training and which
formant was decisive, showed that the main
difference was in the F2 value (Group(2) x
Session(4) x Word(2): Word x Session F(3,16) =
6.58, p = 0.003). In addition, further tests (Group (2)
x session (4)) performed on the target word F2
values showed that it changed during the training
protocol (main effect of session F(3,17) = 5.21, p =
0.010).
Similar analyses were performed on the standard
deviation data, which revealed the main effects of
Word (F(1,18) = 23.93, p<0.001) and Measure
(1,18) = 68.59, p<0.001) as well as a Word x
Measure interaction (F(1,18) = 18.52, p<0.001)
suggesting more hesitation in the production of the

non-native sound, and naturally more significant
deviation in the values of F2. More importantly, the
main effect of Session (F(3,16) = 3.28, p = 0.048)
showed a general reduction in the standard
deviations as a result of training. No other analyses
reached significance.
Table 1. Average Hz and standard deviation
values for F1 and F2 in the four recording
sessions.
Session

1. F1
1. F2
2. F1
2. F2
3. F1
3. F2
4. F1
4. F2

Transcription
Hz
426
1423
425
1339
429
1352
431
1397

Orthographic
Hz
405
1383
422
1198
423
1156
425
1163

Transcription
stdev
30
182
22
161
19
119
19
119

Orthographic
stdev
15
138
17
125
14
104
15
94

Despite the fact that the general omnibus
ANOVA failed to locate overall significant
differences between the groups, we decided to
perform further tests. This was justified by the clear
differences between the groups in the mean formant
values visible in Table 1.The values suggest that the
Transcription Instructions group (Group 1) shows
development of the crucial F2 value towards the F2
values of the provided acoustic model, while the
productions of the Orthographic Instructions group
(Group 2) appear to result in more /u/ like values.
The Group 1 data analysis (Session(2) x Word(2) x
Measure(2)) revealed the significant main effects of
Word (F(1,9) = 66.24, p<0.001) and Measure (F(1.9)
= 1046.49, p<0.001) as well as the Word x Measure
interaction (F(1,9) = 90.42, p<0.001) suggesting that
the words were separated by the significant F2
value. More importantly, the analysis revealed the
main effect of Session (F(3,7) = 4.52, p = 0.046)
showing a change as a function of training. The
same analysis of Group 2 data showed the main
effect of Word (F(1,9) = 130.218, p<0.001) and
most significantly, the interaction between Word,
Session and Measure (F(3,7) = 4.61, p = 0.044)
showing that the values for F2 in the target word
changed significantly away from the acoustic model.
Furthermore, we performed One-Way ANOVAs to
see, whether the F2 values were different in the two
groups within any session. The analysis revealed a
significant Group difference in the F2 values of the
target word vowel (F(1,18) = 4.51, p = 0.048) and no
other differences were found. This reveals that the
Groups did not differ at the baseline registration, but
a significant difference in the productions was

located in the relevant F2 value of the non-native
vowel after training.
Altogether, the analyses showed that training has
an effect on the F2 values of the target vowel and
that the two types of trainings alter the F2 values
differently.
4. DISCUSSION AND CONCLUSIONS
Since
non-native
speech
production
is
simultaneously very demanding for learners as well
as an obligatory and crucially significant part of oral
proficiency, there is a high demand for training
methods for helping to overcome the acquisition
problems. Previous studies have shown that various
types of trainings seem to result in less accented
target language productions and the role of
transcription as a tool for improving non-native
production has also been suggested [14]. In addition,
the orthographical systems of the native and nonnative language may affect the learning process,
when the learners become explicitly aware of the
target language sound system on the basis of the
orthographical system [17, 6]. Our results show that,
on the whole, training with both acoustic and visual
cues results in production changes, since acoustic
values and standard deviations changed as a function
of training. Most importantly, the changes are clear
in the relevant acoustic parameter F2. More
interestingly, the findings show that transcription
cues may help the subjects to modulate their
productions towards the acoustic goal, while the
orthographical visual cues alter the production
towards the visual cue. Thus it seems that visual
cues are of high significance and they may even be
of more importance than acoustic models.
The basic finding that production training with
audio-visual cues results in production changes does
not in fact imply that visual cues are mandatory, and
in relation with previous findings by Tamminen et
al. [22] and Iverson et al. 2011 [12], it may well be
that production training with mere acoustic
stimulation would also result in learning.
Irrespective of this, visual cues are clearly of high
significance, since they seem to have a more
powerful role than acoustic information, if the two
are in conflict. This is suggested by the finding that
Orthographic Instructions led to changes of
production, but not towards the acoustic model, but
instead to the opposite direction in accordance with
the visual model. The role of Transcription
Instruction may either be that it supports the
production change in the right direction, or at least it
does not interfere with the process of learning to
pronounce according to the acoustic model.

In terms of theories of production learning and
the connection between speech perception and
production, the current results suggest, firstly, that
new production templates, or articulation patterns,
may evolve during a short training and secondly,
that in the interaction between the auditory and
visual input, the visual cues may be more
significant. According to the Template theory on
how speech articulation patterns develop [19], our
results suggest that the acoustic model towards
which the learner is striving, may be achieved. More
interestingly, this acoustic model may be of
secondary importance, if the learner is provided with
visual cues that are in contradiction with the acoustic
model. This suggests that, when learning a new nonnative articulatory configuration, the visual cues
may inhibit the acoustic cues from being the primary
targets.
In conclusion, our present results suggest that
new production patterns can be acquired by training
to produce the non-native speech items with audiovisual cues. More importantly, it seems that visual
information may affect the outcome of production
learning even more strongly than the auditory
information. This may, in fact, be a significant factor
in second language classroom teaching, where the
new language is often learned through the written
form.
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