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Phonetic imitation by young L2 learners: English VOTs for speakers of Polish

Phonetic imitation, understood as adjustment of one’s pronunciation towards that of a model 
speaker, plays an important role in second language speech learning. The current study was 
intended to determine the degree to which young native Polish learners of English imitate 
native English models’ speech, with gender as a potential influencing factor. Thirty-four 
participants shadowed words with both voiceless /p, t, k/ and voiced /b, d, g/ consonants 
as onsets, which differ in terms of voice onset time (VOT) in the two languages. Having 
compared VOT measurements in three tasks, no significant differences were found for 
/p, t, k/, suggesting no imitation effect regardless of gender, and an apparent increase of 
prevoicing for /b, d, g/ in the imitation tasks. Some of the null results may be attributed to 
high baseline values and to the stimuli’s conflicting modalities. Noticeable variability in the 
data may have masked the true impact of imitative exposure.
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Phonetic Imitation in a Non-Native Language
Phonetic imitation, also known as accommodation (Babel, 2012), alignment 

(Trofimovich & Kennedy, 2014), or convergence (Pardo et al., 2012) is the process 
whereby a speaker adjusts phonetic features of their speech towards those of an 
interlocutor or a model speaker. Such alignment, or accommodation in commu-
nication (Giles et al., 1991), with a conversation partner is not limited to acoustics 
of speech production but has been found to emerge on other levels of language 
such as semantics (Katzir & Singh, 2013), syntax (Gries, 2005), vocabulary (Bo-
gharti et al., 2016), or morphology (Dunstan, 2010). Two contrasting psycholo-
gical approaches attempt to account for the pervasive effect of speech alignment 
observed both in laboratory conditions as well as in natural conversations. The 
first posits that imitation is fed by affective motives which rely on the speaker’s 
intention to increase social proximity and personal affiliation with an interlocutor 
(Gregory & Webster, 1996; Tajfel & Turner, 1986). The second sees speech align-
ment as an automatic mechanism (Goldinger, 1997; Goldinger, 1998; Mitterer & 
Müsseler, 2013; Pickering & Garrod, 2004). Both mechanisms may also be at play 
in second language speech in that L2 learners align with native speaker models in 
order to increase language proximity and at the same time are led by automatic 
psychoacoustic reactions in forming new L2 sound categories.

Research on phonetic imitation in non-native speech is considered to be a 
window into the degree of formation of new sound categories and into how L1 
speech habits may be temporarily bypassed after exposure to a native model. Pre-
vious studies have demonstrated that shadowing (direct imitation) after a model 
native speaker enables learners to imitate phonetic features that may be absent 
in their L1 and that have not yet been fully acquired in their spontaneous L2 
speech. This effect has been found for phonetic-acoustic features such as voice 
onset time (VOT, Flege & Eefting, 1988), vowel duration (Podlipský & Šimáčko-
vá, 2015; Zając & Rojczyk, 2014), spectral properties of vowels (Jia et al., 2006; 
Jiang & Kennison, 2022; Llompart & Reinisch, 2018; Rojczyk, 2013), the lack of 
release in stop consonants (Rojczyk et al., 2013), or suprasegmentals (Hao & de 
Jong, 2016; Ulbrich, 2021). In a typical laboratory noninteractive imitation or 
shadowing tasks (Goldinger, 1998; Goldinger & Azuma, 2004; review in Pardo 
et al., 2017; Wagner et al., 2021), the learners are first presented with an L2 word 
list with orthographic representations and asked to read them using their natural 
speech habits (baseline task). Next, they hear and repeat the same words after a 
model native speaker (imitation task). The comparison of the two tasks reveals all 
changes in spectral and temporal properties of speech that may result from direct 
exposure to the native input. 

Previous research on VOT in imitation has shown that this acoustic cue is re-
latively robust in imitative behavior. For example, Flege and Eefting (1988) tested 
imitation of English long-lag VOT stops (aspirated) by Spanish learners. The re-
sults showed that the Spanish imitators produced VOT values that were inbetween 



115 WIECZOREK & ROJCZYK

Spanish short-lag VOTs and English long-lag VOTs for /p, t, k/. This was taken as 
evidence that imitation may lead to the formation of an intermediary category be-
tween the ones observed for L1 and L2. Rojczyk (2012) tested direct imitation (sha-
dowing) of English voiceless stops (long-lag VOTs) by Polish learners whose native 
language has unaspirated voiceless stops. The results revealed that the learners were 
successful in imitating long-lag VOT values in English in direct uninterrupted sha-
dowing. However, when the task with distraction (“read the number you see and 
then repeat”) was introduced, the produced VOTs were significantly shorter than 
the ones produced in direct imitation, yet not as short as typically found for Polish. 
The current study differs from that of Rojczyk (2012) in that the imitators were 
young learners ranging in age from 10 to 11 years and not adult university students. 
Moreover, we tested the impact of the model speaker’s gender on the magnitude of 
convergence, a variable that was not investigated in Rojczyk (2012). 

Although the literature on phonetic imitation both in a native and non-native 
language is growing, little is known about the influence of imitators’ age on the 
magnitude of convergence. Imitative behavior is especially important in children’s 
development both in terms of language acquisition as well as in terms of general 
cognitive development. Therefore, it may be assumed that children may be more 
ready to imitate, however, the current results are inconclusive. The first study that 
provided evidence that children may perform better in speech imitation was by 
Nielsen (2014). In that study, children outperformed adults in converging with mo-
del productions that had artificially lengthened VOTs. However, in a more recent 
study, Paquette-Smith et al. (2022) compared Canadian English-speaking children 
and adults in imitations of native and non-native English speech along the VOT 
continuum and reported that they did not observe consistent differences between 
age groups. They concluded that both children and adults were equally successful 
imitators. These two studies demonstrate that the current knowledge on how age 
mediates the robustness of imitation is not only sparse but also contrasting, and 
more studies are needed to include or preclude age as a factor in imitation.

Previous studies have also looked into the effect of gender in terms of whether 
there are significant differences between male and female imitators (Bilous & 
Krauss, 1988; Namy et al., 2002; Pardo, 2006; Willemyns et al., 1997). Less atten-
tion has been paid to the gender of model speakers and the currently available 
results are sparse and strongly inconclusive. Babel et al. (2014) reported a trend 
for the male model voices to receive a stronger accommodation response. On 
the other hand, Wade et al. (2021) reported more VOT convergence to a female 
speaker in a similar population (i.e., L1 English speakers). However, the authors 
argue that this effect was likely due to the fact that the female speaker had longer 
VOTs. In the current study, we equalized VOTs in the male and female models 
by using acoustic manipulation. Therefore, unlike in Wade et al. (2021), any ob-
served differences in imitation cannot be a result of nominal differences in VOTs 
between male and female speakers.
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Voice Onset Time in English and Polish
Voice Onset Time, which is the time interval between the release of a stop occ-

lusion and the onset of vocal fold vibration for the ensuing vowel (Lisker & Abram-
son, 1964), neatly categorizes differences in the voicing contrast implementation 
between English and Polish. English is an aspirating language in that voiceless /p, 
t, k/ have long-lag VOTs and phonologically voiced /b, d, g/ are characterized by  
short-lag VOTs. In other words, it may be said that English contrasts voiceless 
unaspirated /b, d, g/ with voiceless aspirated /p, t, k/ despite the fact that some prevo-
icing of /b, d, g/ is also observed in native English speech (Kessinger & Blumstein, 
1997; Magloire & Green, 1999; Miller et al., 1986). On the other hand, Polish con-
trasts prevoiced (negative VOT values) /b, d, g/ with voiceless unaspirated (short-
-lag VOT values) /p, t, k/ (Keating, 1984; Keating et al., 1981). Accordingly, it may 
be said that the two languages differ in that English is an aspirating language and 
Polish is a truly voicing language in terms of the voicing contrast realization. Figure 
1 shows the Polish word ”tak” /tak/ (yes) on the left and the English word ”tuck”  
/tʌk/ on the right. The voiceless stop /t/ is unaspirated (21 ms VOT) in Polish and 
aspirated (119 ms) in English. Figure 2 presents the Polish word ”daj” /daj/ (give 
Imp.) with prevoiced /d/ (-154 ms VOT) on the left and the English word ”die” /daɪ/ 
with the voiceless unaspirated realization of /d/ (26 ms VOT) on the left.

Previous research on the acquisition of English pronunciation by Polish lear-
ners has reported that they experience difficulties with the successful attainment 
of sufficiently long VOTs (aspiration) in production (Waniek-Klimczak, 2005) 
and find it challenging to categorize short-lag VOTs and long-lag VOTs as a cate-
gorical boundary for English /b, d, g/ and /p, t, k/ in perception (Rojczyk, 2011). 
Moreover, Polish learners tend to prevoice English /b, d, g/ following the articu-
latory patterns of their L1.

Figure 1. The Polish word ”tak” /tak/ (yes) with unaspirated /t/ (left) and the English 
word ”tuck” /tʌk/ with aspirated /t/
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The Current Study
In the current study, we investigated the magnitude of phonetic imitation of 

the English voicing contrast by Polish young learners. We aimed to address the 
following questions:

1. How robust is phonetic imitation of English VOTs by Polish young learners?
2. Does the gender of the model speaker influence the degree to which young 

learners imitate English long VOTs? 
3. Are there imitational differences between long VOTs (aspiration) for /p, t, 

k/ and short VOTs (no prevoicing) for /b, d, g/?

Materials
The stimuli used in the experiment included 24 English words interspersed 

with the same number of distractors. As can be seen in Table 1, the words were 
equally distributed in terms of the voicing contrast and the place of articulation of 
the initial plosive consonant. However, it should be noted that our main interest lay 
in /p, t, k/-initial words, as we believe aspiration to be more salient relative to the 
amount of prevoicing found in /b, d, g/-initial words, and therefore we considered 
it more susceptible to imitation. It was decided that the words should not be em-
bedded in a carrier phrase to avoid potential contextual influence on VOT of /b, 
d, g/-initial words and to limit the exertion imposed on the participants. Another 
factor determining the word selection was their relative ease of pronunciation.

Four professional independent voiceover artists were hired as model speakers 
for the recordings to be used in the imitation tasks. They were two male and two 
female native speakers of Standard Southern British English. The choice to inclu-
de two representatives of each gender was motivated by the need to increase the 

Figure 2. The Polish word ”daj” /daj/ (give Imp.) with prevoiced /d/ (left) and the English 
word ”die” /daɪ/ with voiceless unaspirated /d/
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validity of the results, which were supposed to show the participants’ potential 
tendency to imitate one of the genders more than the other, as opposed to sho-
wing their bias towards a particular speaker’s overall voice quality. The model 
speakers were instructed to read out the words in isolation, as naturally as possi-
ble, using the falling intonation pattern, much like how the recordings for foreign 
language course books are made.

For the sake of limiting the effect of confounding variables potentially influ-
encing the degree of imitation during the presentation of the stimuli, such as in-
consistent loudness of the model recordings, the words’ duration, and their VOT 
in particular, the four instances of each model word were normalized. First, the 
intensity of all recordings was set to 68 dB, which was the highest value possible 
without the risk of any of them being clipped. Second, any instances of prevo-
icing for /b, d, g/-initial words were cut out – such instances were found only in 
the case of the first male model’s recordings. Third, word duration was equalized 
and set to word-specific average, which was particularly motivated by the second 
female model speaking much faster than the others. Fourth, the VOTs in the four 
instances of each of the /p, t, k/-initial words were set to their mean value, thus 
ensuring that potential differences in the degree of imitation between the genders 
would not be the result of the model recordings simply being different in terms of 
VOT. Predictably, the fourth step modified the total duration of each of the four 
instances, slightly altering the effect of the third step, but it was clearly a necessary 
yet negligible cost. Figures 3 and 4 illustrate the third and the fourth steps of the 
normalization process of the word ”pig.”

Participants
Thirty-four native Polish primary school students were asked to voluntarily 

participate in the study. These included 24 female and 10 male students aged 10–
11 years. Being in their fifth school year, all of them had learnt English for at least 
four years, and most of them displayed a uniform proficiency level in English cor-
responding to the A2 level on the CEFR scale, as evidenced by their grades obta-
ined through the administration of both oral and written tests. It was ascertained 
that none of the participants showed any signs of speech or hearing disorders.

Table 1. The stimuli used in the experiment
Onset type Voiceless Voiced
labial part, pet, pig, pot bath, bet, big, boy
alveolar tell, tip, top, two desk, dip, do, dog
velar cake, cap, car, kid gap, gasp, get, give
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Figure 3. Word duration normalization of the four instances of the word “pig”

Figure 4. VOT normalization of the four instances of the word “pig”
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Procedure, Recordings, and Measurements
The experiment took place at the school premises during the participants’ 

classes. Each student was recorded individually in a quiet room, and each re-
cording session took approximately 20 minutes. The participants were seated in 
front of a computer screen and were asked a few basic questions in English in 
order to activate the desired language mode, upon which they were presented 
with three tasks. First, they were to read orthographic representations of 48 words 
(including 24 distractors), presented in isolation on a computer screen in random 
order for each participant. This was done to establish their baseline VOT values 
in English. The second task was an imitation task in which half of the participants 
were instructed to repeat the same words approximately 500 ms after one of the 
two male models, and the other half – after one of the two female models. The 
third task was analogous to the second one, with the exception that the recor-
dings, randomized once more, involved a model of the opposite gender. Thus, all 
participants imitated both genders in a counterbalanced fashion. Additionally, 
every other participant listened to a different representative of a given gender, 
which means the odd numbered participants listened to the first male model and 
the first female model only, while the even-numbered ones – to the other two mo-
dels. The interstimulus interval was self paced for all tasks, but it did not deviate 
significantly across participants.

The participants’ productions were captured using Samson Q2U dynamic 
microphone at the sampling rate of 48 kHz and 16-bit quantization. The stimuli to 
be imitated were presented aurally through PreSonus Eris E3.5 studio monitors. 
Both audio devices were connected to the 3rd Focusrite Scarlett audio interface.

Data Analysis
A total number of 2448 items (34 participants × 24 words × 3 tasks) under-

went acoustic and statistical analysis. Having inspected the participants’ recordin-
gs both visually and aurally, all tokens were found suitable for analysis, including 
a few cases which exhibited exceptionally long VOT values but still sounded natu-
ral. The VOT measurements were taken from waveform and spectrogram displays 
in Praat (Boersma & Weenink, 2021). Specifically, in the case of /p, t, k/-initial 
words, what was of interest was the time interval between the first signs of the 
plosive release burst and the onset of voicing of the following vowel, the latter 
point being evidenced by clear regularity both in the waveform and in the vowel’s 
formant structure (see ”tuck” in Figure 1). The VOTs obtained in the three tasks 
were averaged over the participants’ productions and a repeated measures analysis 
of variance (ANOVA) was performed to determine if the three means were diffe-
rent. The main factor was within-subjects (task), with three levels (baseline, male 
model imitation, and female model imitation). To account for potential variabi-
lity in word duration, an additional ANOVA was carried out, treating VOT as a 
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proportion of word duration. Furthermore, the place of articulation of the initial 
voiceless plosive (/p, t, k/) was included as a factor to determine its significance.

As far as /b, d, g/-initial words are concerned, the proportion of prevoicing 
instances was determined in the three tasks. Additionally, mean VOT values were 
compared across the three tasks (similarly to /p, t, k/-initial words), although, for 
the sake of simplicity, only cases with negative values in all three tasks were taken 
into account, which constituted almost 56.6% of cases (231 out of 408). The nega-
tive values were measured as time spans encompassing regular periodicity before 
the release. Any instances of gaps in voicing immediately preceding the release 
were included in the calculation of negative VOTs. Apart from absolute negative 
VOT values, their proportions of word duration are also reported.

Analysis and Results
Figure 5 shows mean VOT values for /p, t, k/ with their standard deviation, 

obtained in the three tasks: baseline word reading, male model imitation, and 
female model imitation. As can be seen, the two imitation tasks exhibited slight 
increases compared to the baseline: from 67.4 ms to 69.8 ms and from 67.4 ms to 
67.8 ms, respectively. Despite a visible VOT increase in the case of the male mo-
dels, analysis of variance revealed no significant effect of task, F(2, 814) = 1.527, 
p = .218. This suggests that not only did model speaker gender have no effect on 
the degree of imitation of words starting with voiceless plosives, but also that no 
imitation may have taken place whatsoever, as reflected in only marginal VOT 
increases compared to the baseline.

Figure 6 illustrates the participants’ three VOT distributions obtained in the 
three respective tasks, along with their mean VOT values (colored vertical lines) 

Figure 5. The participants’ mean VOT values of /p, t, k/ together in the three tasks
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and the models’ mean VOT value (black vertical line). Despite some differences 
in the overall shape of the three distributions, there are no discernible shifts in 
either direction, regardless of the imitation task. Of interest were the participants’ 
already quite substantial VOTs obtained in the first task. It was found that in as 
many as 81 out of 408 cases (19.9%), the participants exceeded the models’ ab-
solute VOT values in the baseline task. Still, on the whole, their mean VOT was 
below the mean VOT of both male and female model speakers, equal to 86.7 ms. 
Interestingly, in the two imitation tasks, the number of times the participants 
exceeded the models’ VOT values increased to 104 (25.5%) in the case of a male 
model and to 96 (23.5%) – in the case of a female one.

Figure 7 provides a more in-depth picture of the data by considering regres-
sion lines, representing predicted VOT changes from the baseline to the male 
model imitation task (left) and the female model imitation task (right) for each of 
the participants. The black horizontal line indicates mean model values. The first 
thing to notice is how variable the participants’ baselines were. The intercepts ro-
ughly corresponded to each participant’s actual mean baseline VOT values, ran-
ging from 36 ms to 94 ms, with many rather uniformly distributed values in be-
tween. More importantly, it should be noted that as many as 22 participants had 
positive (green) slopes in the male model imitation task, and 18 had such slopes 
in the female model imitation task, suggesting the majority of the participants did 
increase their absolute VOT values to varying extents.

To confirm the apparent lack of imitation, it was deemed necessary to treat 
VOT as a proportion of word duration. As Table 2 indicates, the duration of /p, 
t, k/-initial words was found to increase significantly in the imitation tasks, F(2, 

Figure 6. Three VOT distributions (baseline, male-imitation, female-imitation), along 
with mean VOTs of the participants (colored) and the models (black)



123 WIECZOREK & ROJCZYK

Figure 7. Mean VOT changes for each participant in the male model imitation task (left) 
and the female model imitation task (right)

814) = 29.12, p < .001, from 485.6 ms to 511.6 ms (male model imitation) and to 
519.4 ms (female model imitation), despite the models’ average of 482.8 ms. The 
increase in word duration and the apparent lack of increase of absolute VOT va-
lues seem to have negatively shifted the VOT proportions, in that the participants’ 
baseline average of 14.2% decreased to 13.8% in the male model imitation task 
and to 13.2% in the female model imitation task, with the effect of task reaching 
significance, F(2, 814) = 6.961, p = .001. After applying the Bonferroni correction, 
the only significant difference was found between the baseline and the female 
model imitation task, t(407) = 3.751, p < .001. The decrease in ratios is surprising 
considering the models’ average ratio of 18.2%, although, as was the case with 
absolute VOT values, the participants did exceed the model ratios in as many 
as 89 out of 408 cases (21.8%) in the baseline. This count increased in the male 
model imitation task to 101 (24.8%) and decreased in the female model imitation 
task to 87 (21.3%). The distributions of relative VOTs obtained in the three tasks 
resembled those presented in Figure 6.

Table 2. Absolute mean VOT and word duration values with their ratio in the three tasks for /p, t, k/-initial 
words, together with p values and model values

Mean VOT Mean word duration VOT proportion
Baseline 67.4 ms 485.6 ms 14.2%
Male model imitation 69.8 ms 511.6 ms 13.8%
Female model imitation 67.8 ms 519.4 ms 13.2%
p .218 .001 ms 0.001
Model values 86.7 ms 482.8 ms 18.2%
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Figure 8 shows individual participants’ slopes that represent predicted VOT 
proportion changes from the baseline task to one of the imitation tasks. Again, 
considerable variability is noticeable, with the actual mean VOT proportions ran-
ging from approximately 8% to 20% in the baseline task. Exactly half of the partici-
pants (17) increased their VOT word duration ratios in the male model imitation 
task (left), and only 13 of them did so in the female model imitation task (right).

Further analysis was carried out to determine the degree of imitation depen-
ding on the place of articulation of the plosives. Figure 9 shows that while words 
beginning with alveolar and velar plosives showed slight increases from the base-
line to imitation tasks, the mean absolute VOT differences were still found to be 
insufficient to reach significance, regardless of the place of articulation. Surprisin-
gly, both imitation tasks in the case of /p/-initial words seem to have displayed a 
slight (insignificant) decrease from 53.1 ms to 51.8 ms and 49.2 ms, respectively, 
even though the models’ mean VOT of these words amounted to 79.9 ms. Among 
the three places of articulation, the biggest, although still insignificant, increase 
was observed in the case of /t/-initial words. This was particularly the case in the 
male model imitation task, where the participants’ absolute VOT values rose from 
62.7 ms to 67.9 ms. This observation seems reasonable, considering the models’ 
relatively high average of 95.0 ms for alveolar plosives. Another interesting ob-
servation is that the participants’ mean VOT for /k/-initial words exceeded those 
of the models’ (85.2 ms) in all tasks, including the baseline. When treated as pro-
portions of word duration, only the VOTs in /p/-initial words showed apparent 
significance, F(2, 270) = 3.472, p = .033, across the tasks, particularly between the 
baseline and the female model imitation task, t(135) = 2.945, p = .004. Overall, 

Figure 8. Mean VOT proportion changes for each participant in the male model imitation 
task (left) and the female model imitation task (right)
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the mean VOT ratios showed consistent, small decreases in both imitation tasks 
for all places of articulation, namely:

•	 from 10.5% to 9.9% and 9.3% for /p/ (models’ 16.5%),
•	 from 14.7% to 14.5% and 13.8% for /t/ (models’ 20.6%),
•	 from 17.5% to 16.9% and 16.6% for /k/ (models’ 17.6%).

Furthermore, it was found that the participants who exceeded the model VOTs in 
the baseline did so mostly in the case of velar onsets (in 40% of cases).

The analysis of /b, d, g/-initial words also yielded interesting results. Figure 
10 illustrates how often the participants manifested prevoicing in the three tasks. 
As can be seen, out of all 408 instances of /b, d, g/-initial words (12 words × 34 
participants) 319 (78.2%) exhibited negative VOT values in the first task. Despite 
all the model words having positive VOT values, the count was only marginally 
lower in the imitation tasks: 311 (76.2%) in the male model imitation task and 
318 (77.9%) in the female model imitation task. The largest number of prevo-
icing drops was observed in the case of /b/-initial words, with 113 out of 136 
cases (83%) in the baseline to 104 (76.5%) in both imitation tasks. There was an 
opposite tendency in the case of /g/-initial words, where the number of baseline 
prevoicing instances of 94 (69.1%) increased to 101 (74.2%) and 104 (76.4%) in 
the respective imitation tasks.

As far as the participants’ VOT values of /b, d, g/ are concerned, for the sake 
of ascertaining statistical significance, only those cases were examined in which 
a given participant displayed a negative VOT for a given word in all three tasks 
(231 cases out of 408). Positive VOT values were not analyzed as there were only 
26 of analogous cases, most of which came from only two participants. The mean 
negative VOT values are shown in Figure 11. Interestingly, while the substantial 
mean negative VOT value for the baseline task in the order of −110.3 ms was 

Figure 9. The participants’ mean VOT values of /p, t, k/ separately in the three tasks
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Figure 10. The participants’ prevoicing counts in the three tasks

Figure 11. The participants’ mean VOT values of /b, d, g/ in the three tasks

expected, the participants exhibited even larger absolute VOT values in the two 
imitation tasks. The mean values of −129.1 ms and −126.3 ms significantly dif-
fered from −110.3 ms obtained in the baseline task, F(2, 460) = 14.07, p < .001. 
Including all negative values (unequally distributed across the three tasks) did not 
seem to considerably alter the above tendency, with the three means amounting 
to −108.9 ms, −124.3 ms, and −121.3 ms, respectively. Initially, the above analyses 
seem to show that the participants may have increased their tendency to prevoice 
in terms of duration as a result of exposure to the model speakers whose VOTs 
were consistently confined within the positive range of 0-20 ms. However, it was 
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found that word duration increased significantly again, namely, from 562.2 ms 
in the baseline task to 628.0 ms and 616.5 ms in the imitation tasks, F(2, 460) = 
45.14, p < .001. It was revealed that the prevoicing and word duration ratios did 
not change, amounting to 19.8%, 20.5%, and 20.3%, respectively across the three 
tasks, F(2, 460) = 1.118, p = .328. These patterns were consistent for all places of 
articulation, apart from the voiced velar plosives, whose VOT ratios increased 
quite considerably, i.e., from 16.7% to 18.4% and to 18.8%.

General Discussion
The current study was intended to determine the degree to which English 

VOT values are imitated by young native Polish learners of English, taking into 
account model speaker gender as a potential factor influencing their tendency to 
acquire the English voicing characteristics for voiceless and voiced plosive conso-
nants. To that end, 34 primary school students were asked to imitate 24 monosyl-
lables with /p, t, k, b, d, g/ as onset consonants, prerecorded by two male and two 
female model speakers. Considering the differences between the two languages, 
English exhibiting longer VOTs for /p, t, k/ and a lower tendency to prevoice 
/b, d, g/ than Polish, it was hypothesized that the participants’ VOTs would shift 
towards the values found in English as a result of imitative exposure to native 
English speakers. Moreover, we tested the impact of the model speaker’s gender 
on the robustness of imitation considering the fact that the results from previous 
studies are largely inconclusive.

The main hypothesis was not confirmed and the gender effect was not  
found for nominal values. The participants’ VOT values for imitated  
/p, t, k/-initial words did not prove to be significantly longer when compared to 
the baseline word reading task. Consistently with Wade et al. (2021), we found 
no evidence for gender having an effect on the degree of imitation, apart from 
only marginally higher VOT increases observed in the male model imitation task. 
When treated as proportions of word duration, their VOTs were found to be shor-
ter in the imitation tasks, particularly when the model was female. This was likely 
the result of their meager shifts in absolute VOT values lagging behind the total 
word durations, which increased significantly despite the models’ comparable 
word durations to the participants’ baseline. Out of the three places of articula-
tion, the only noticeable increases in absolute values were in the case of /t/-initial 
words, while the opposite was found for /p/-initial words, which exhibited VOT 
drops both in the absolute and relative sense. This seems to correlate with the 
model values, which were the highest for the former, and the lowest for the latter.

Although not statistically significant, it should be noted that a more in-depth 
analysis of the results revealed that many of the participants did increase their 
VOTs in the imitation tasks to varying extents. In the male model imitation task, 
over half of the participants increased their absolute VOT values, and exactly half 
increased their VOT word duration ratios. In the female model imitation task, 



128PHONETIC IMITATION BY YOUNG L2 LEARNERS: 
ENGLISH VOTS FOR SPEAKERS OF POLISH

positive slopes were less frequent. While approximately half of the slopes indica-
ted increases in the case of absolute values, there was a considerable number of 
negative slopes for VOT proportions. On the whole, as Figures 7 and 8 illustrated, 
the VOT drops, represented by (often steep) red slopes, seemed to offset the VOT 
increases, resulting in overall insignificant results. It must also be observed that 
our data showed a great deal of variability in terms of baseline VOTs across diffe-
rent participants, which should restrict us from drawing definite conclusions. The 
considerable variability in the baseline may be due to the participants’ age. For 
example, Whiteside et al. (2003), who compared VOTs of English children aged 
between around 6 and 12 years old, observed a pattern of increased VOT stability 
as a function of age. The effect was attributed to the maturation of motor speech 
skills of children approaching adolescence. Yu et al. (2015) compared English 
VOTs of young children, teenagers, and adults and revealed a similar pattern, 
with continually decreasing VOT variability until the age of 16. The same may 
be applicable to Polish children and teenagers. This would suggest that while our 
participants (10-11-year-olds) may have achieved a certain degree of VOT stabi-
lity, our findings as well as the above studies indicate that only partial maturation 
had taken place in this regard.

One of the reasons why, overall, our participants did not significantly extend 
their VOTs in /p, t, k/ in the imitation tasks may be connected with their already 
long baseline VOTs. It should be noted our participants exceeded the models’ 
both absolute and relative VOTs quite frequently in the baseline task, that is, aro-
und 20% of the time, although this number was almost consistently slightly larger 
in the imitation tasks. As noted by one of the reviewers, some studies, for exam-
ple, Nielsen (2011), Kim and Clayards (2019), and Wade (2020), have suggested 
that speakers may fail to imitate, or even diverge from model speakers when their 
speech is already similar to the models’ speech. However, we would argue that our 
data does not reveal this pattern, since the models’ average VOTs for the majority 
of the stimuli were long enough to leave some room for VOT adjustments. Ap-
proximately 40% of excessive participant values came from /k/-initial words, and 
indeed, their mean VOT actually exceeded that of the models’ mean for the velar 
plosive. While imitation in this case would not be expected, it would be in the 
case of /p/-initial words. With labial plosives, the number of excessive participant 
values was marginal, and the participant model distance seemed sufficiently large, 
that is, approximately 27 ms. Despite this distance, the participants paradoxically 
shortened their VOTs for /p/. What is more, when considered as word-duration 
proportions, model VOTs left enough room for imitation in the case of both /p/ 
and /t/, in the order of around 6 percentage points. It is also worth recognizing 
that, as the individual participants’ slopes indicate, even some of those with high 
baseline values managed to increase VOTs further in the imitation tasks.

Still, assuming the high baseline values are responsible for the lack of observed 
imitation for /p, t, k/, the reason for this should not be regarded simply in terms of 
purportedly insufficient participant model distances. Our participants are ultimately 
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native speakers of Polish, a language which is characterized by short-lag VOT values 
for voiceless plosives, as reported earlier. Therefore, we speculate that the high initial 
VOT values are due to our participants already shifting their VOTs in the baseline 
by sole virtue of being instructed to produce words in English. This shift from their 
baseline L1 values to baseline L2 values may have consequently exhausted their po-
tential to further extend the values of interest in the imitation tasks. For native En-
glish speakers, long-lag VOTs are natural and they can be considered as more flexi-
ble in shifting VOT within the long lag range than native Polish speakers. In short, 
our participants’ high baseline values may be responsible for the lack of imitation, 
not simply due to a potentially reduced participant-model distance, but rather due 
to them having exerted their capacity to further extend their already lengthened ba-
seline VOTs. However, this explanation does not agree with the fact that some of the 
participants managed to increase their VOTs further, despite high baseline VOTs.

The potentially lengthened baseline values were an unexpected element in 
our study, considering our Polish participants exhibited average VOTs resem-
bling even those reported for some native English speakers. For example, in Nie-
lsen (2013), native English children of similar age manifested comparable or even 
shorter mean VOT values, particularly in the case of the velar plosive (see Table 
3). Moreover, the current participants seemed to have done even better than adu-
lt native Polish advanced learners of English, as suggested by the latter’s overall 
shorter baseline VOT values found in Rojczyk (2012). However, considering that 
young children tend to produce longer and more variable VOT values than adults 
do (Yu et al., 2015), we would advise caution in drawing such conclusions. Still, 
relatively short Polish VOT values of Polish children of comparable age reported 
in Lorenc (2012) seems to suggest that the current participants may have deve-
loped the ability to shift their VOT boundary towards values typical for English 
/p, t, k/ categories. However, such a claim would have to be supported by measu-
rements of Polish voiceless stops coming from our participants. Moreover, the 
overall impression of the experimenters is that the participants did not sound 
particularly native-like in the recording sessions. Furthermore, fifth grade prima-
ry school students in Poland do not typically display native-like performance in 
other respects of L2 proficiency. The question therefore remains as to why they 
would display seemingly native-like competence in this particular regard, that is, 
aspiration – a feature which is unlikely ever explicitly taught in schools.

Table 3. Comparison of mean baseline VOT values for /p, t, k/ across studies
Current study Nielsen (2013) Rojczyk (2012) Lorenc (2012)

Subjects Polish children English children Polish adults Polish children
Stimuli English English English Polish
VOT – /p/ 53.1 ms 62 ms, 58 ms 56 ms 22 ms
VOT – /t/ 62.7 ms - 59 ms 29 ms
VOT – /k/ 86.3 ms 75 ms 75 ms 54 ms
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In the first of their experiments, examining delayed imitation among native 
English children and adults, Paquette-Smith et al. (2022) also observed particular-
ly high baseline VOT values for their participants, making imitative performance 
difficult to observe. They enumerated three potential reasons for the lack of imita-
tion: hyperarticulation in the baseline task, the use of high frequency words, and 
the employment of a delayed imitation paradigm in the sense of Nielsen (2014). 
In the case of hyperarticulation, comparable VOTs obtained in the baseline and 
the imitation task could be considered different in terms of which factor elicited 
them. In other words, given VOT values in the baseline could be mainly due to 
hyperarticulation, and seemingly similar values in an imitation task could at least 
party be due to imitative exposure itself. We cannot dismiss this explanation in 
the current study, as our participants may have indeed tried to make an increased 
effort to pronounce the words, especially in the first task. However, we would 
not rely heavily on this to account for our findings. Had hyperarticulation been 
responsible for high baseline values but not so much for the post-task values, we 
would probably have observed longer word durations in the reading (baseline) 
task, and this was not the case. As far as word frequency is concerned, it is known 
that high frequency words tend to be imitated less faithfully than low frequency 
ones (Goldinger, 1998), and indeed, the majority of our stimuli belong to the first 
category. Despite that, we would not consider these words to be high in frequ-
ency for non native English speakers in the same sense as they are to the native 
ones. To the latter group, the same words may easily be considered as much more 
frequent. Consequently, without entirely dismissing its effect, we do not believe 
our baseline values to have been significantly impacted by word frequency. La-
stly, having attributed the lack of imitation to the delayed nature of the imitation 
task, Paquette Smith et al. (2022) exposed them to the immediate shadowing task. 
Contradictorily to our findings, they found robust imitation among both children 
and adults.

There is an important methodological difference between our study and 
similar studies dealing with VOT imitation (Nielsen, 2014; Paquette Smith et al., 
2022; Shockley et al., 2004). In the quoted studies, the stimuli’s VOTs were justi-
fiably lengthened in order to create a marked participant-model difference. In our 
case, it was warranted to omit this step as our participants were not native En-
glish and there was already an expected participant-model difference, described 
earlier. The purpose of our study was to verify if young Polish learners of English 
imitate English words, produced as naturally as possible, with only a limited de-
gree of manipulation required for stimulus normalization. It was also pointed 
out to us that the way in which the stimuli were presented, that is, through their 
orthographic form, may help explain the null results. Some of the studies quoted 
above employed a picture-naming task to elicit the participants’ productions, but 
we did not find this method applicable in the current study. The reason for this 
lies, again, in that our participants were not native English speakers, and they may 
have had problems naming the pictures. The increased cognitive load involved in 
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producing these words could have made the data less reliable. Having the stimuli 
in their orthographic form left little doubt as to what the words actually were.

The downside of this was that the presence of spelling in the imitation tasks 
may have overridden the auditory dimension of the stimuli heard. Here, it sho-
uld be noted that Polish is characterized by a relatively strong correspondence 
between its spoken and its written form (Jassem, 1981), which results in Poles’ 
strong reliance on given letters unambiguously representing specific sounds. 
Polish learners of English may be suspected of transferring this reliance when 
speaking English, especially when the speech is read out. For example, because 
they are so used to the letter <i> representing the sound /i/ in their native langu-
age, they will readily associate the same letter in English words with the Polish 
sound /i/. Piske et al. (2002) reached similar conclusions for native speakers of 
Italian, whose L2 English speech was judged to contain orthography-induced L1 
vowel substitutions. Similarly, when seeing the <p> letter, our participants wo-
uld be expected to produce the unaspirated (Polish) variant, even if the word 
was English. We acknowledge that in consequence, the presence of spelling may 
have encouraged them to follow their native pronunciation habits to some extent, 
potentially limiting the influence of the auditory modality. However, it must be 
recognized that a similar, if not a greater effect would have been expected in the 
baseline task. In other words, their baseline VOT values should have been more 
Polish like (lower) in the presence of the only modality available, that is, the sti-
muli’s orthographic representation.

As far as the /b, d, b/-initial words are concerned, similarly to the words 
starting with voiceless onsets, a clear imitation pattern was not observed. We 
expected the imitative effect to take the form of either a reduced number of 
prevoicing instances or as shorter absolute or relative values of negative VOT in  
/b, d, g/-initial words. Contrary to our hypothesis, negative VOTs were only mar-
ginally less frequent in the imitation tasks than in the word-reading task. Additio-
nally, on the whole, in cases where prevoicing was observed in all three tasks, its 
absolute duration showed a paradoxical increase in both imitation tasks. While 
one may have suspected prevoicing to be too subtle a cue to allow the participants 
to reconstruct it from the auditory stimuli, they were not expected to show even 
more pronounced divergence from the model speakers in the imitation tasks. 
It should be recalled that the model recordings involved stimuli with invariably 
positive VOTs. However, as it was in the case of words with voiceless onsets, the 
participants were found to have produced longer words in the imitation tasks. 
Consequently, while their absolute negative VOT values increased, the same va-
lues, when treated as proportions of word duration, did not change significantly.

Unlike how it may have been the case with the stimuli with voiceless onsets, 
the baseline participant model distances for /b, d, g/-initial words were definitely 
not an issue. Most of the participants displayed an overwhelmingly high pro-
portion of negative VOT values in the baseline task. It may be speculated that 
imitation in the case of /b, d, g/-initial words, manifested either as lower negative 
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VOT counts or shorter lead VOTs, did not happen because it was suppressed on 
account of the contrastive function of prevoicing in Polish. In Polish, the presence 
versus absence of prevoicing determines the voicing status of the onset plosive 
consonant. It seems likely that the participants did not imitate the lack of prevo-
icing, as it would infringe on the phonemic boundary between /p/ and /b/, /t/ 
and /d/ or /k/ and /g/. Mitterer and Ernestus (2008) found that native Dutch spe-
akers, who were asked to imitate Dutch /b, d/-initial pseudowords, reproduced 
presence versus absence of prevoicing but not the amount of prevoicing. This was 
attributed to the fact that the former is phonologically relevant in Dutch while the 
latter is not. We think our native Polish participants did not imitate the absence 
of prevoicing for the same reason the Dutch speakers did, that is, to maintain the 
phonemic contrast applicable to their native language. The Dutch speakers were 
presumably exposed to the auditory stimuli only. Thus, it is not surprising they 
would react accordingly to the shifts across the category boundary between the 
prevoiced and unprevoiced items. Our native Polish participants had additional 
access to the stimuli’s orthographic representations, which may have had a similar 
effect to the one described earlier. More specifically, seeing words starting with 
the letters <b>, <d>, or <g> just before being exposed to the auditory stimuli 
can be assumed to have already activated the respective phonemic categories of 
/b/, /d/, and /g/, along with their phonetic manifestations, including prevoicing. 
This prior activation may have rendered the subsequent exposure to the auditory 
stimuli, with their conflicting acoustic information (the lack of prevoicing), inef-
fective. Also, the results by Mitterer and Ernestus may also explain why the par-
ticipants did not at least reduce the amount of prevoicing in the imitation tasks, 
the reason being that it is not phonologically relevant, in either Dutch or Polish.

However, the above interpretation does not explain why the participants exhi-
bited significantly longer absolute lead VOTs, that is, longer prevoicing durations, 
in the imitation tasks. Obviously, the explanation partly lies in the participants 
following the models’ word durations, which were longer than the former’s base-
lines. Still, VOT ratios were also slightly higher in the imitation tasks, although 
not significantly. The participants appear to have been making an enhanced effort 
to imitate the tokens correctly, and they may have paradoxically reinforced their 
L1 prevoicing tendencies. This may be related to the fact that linguistic stress may 
lead to the lengthening of prevoicing, as was found, among others, by Simonet 
et al. (2014), who determined lexical stress to have such an effect on Spanish /d/. 
A similar observation was made by Malisz and Żygiś (2015) in the case of Polish 
/b, d, g/, where negative VOT values were more evident under lexical stress and 
sentence focus. Contrary to the current study, both of these studies also repor-
ted VOT lengthening for voiceless plosives under the same circumstances, which 
was hardly observed in our case. Moreover, if we assume our participants had 
made an increased effort for clear speech, we should have expected a similar ef-
fort made in the baseline task. The result is particularly puzzling, considering the  
/b, d, g/-initial words were interspersed with /p, t, k/-initial words, which did 



133 WIECZOREK & ROJCZYK

not show signs of hyperarticulation in the imitation tasks apart from relatively 
modest increases in word durations. In short, we do not find a satisfactory expla-
nation for increases in prevoicing durations other than the increases in word du-
rations themselves.

Conculsions
The purpose of the current study was to determine the degree to which young 

native Polish learners of English imitate the voicing characteristics of onset stop 
consonants in English, taking into account the gender of the model speaker. 
The participants in our study did not show a clear imitation pattern for either  
/p, t, k/-initial or /b, d, g/-initial words. Their VOT, understood in both absolu-
te and relative terms, did not show significant changes from the baseline to any 
of the imitation tasks. Although the values were negligibly higher in the case of 
male model speakers, overall, the model’s gender did not have a significant effect 
on the degree of imitation. The lack of imitation in the case of stimuli with vo-
iceless onsets may be attributable to positive VOT shifts that the participants are 
likely to already have made in the baseline task. These shifts potentially exhausted 
their potential to extend their VOTs further in the imitation tasks. In the case of 
words with voiced onsets, imitative performance was possibly suppressed by the 
presence of the stimuli’s orthographic form, which was presumably responsible 
for the activation of the participants’ native phonemes. To avoid encroaching on 
the voiced voiceless phoneme boundary, the participants were unaffected by the 
auditory modality of the stimuli (without prevoicing) and retained prevoicing for 
/b/, /d/, and /g/. Overall, despite the lack of significant VOT shifts in the imitation 
tasks, it should be noted that our data showed considerable, possibly age-induced, 
variability. The fact that many of our participants did increase their VOTs for 
voiceless onsets to varying extents suggests that our main finding should not be 
regarded in absolute terms.

Undoubtedly, more insight into the imitative behavior of speech exhibited 
by foreign language learners is needed. Future studies may consider a modified 
imitation paradigm, in that, for example, only auditory stimuli are presented in 
one of the tasks, thus isolating the influence of orthography, which may cause 
participants to cling to their native pronunciation habits in the imitation tasks. It 
may also be worth modifying the instructions given to the participants by enco-
uraging them to aim to sound as similar to the models as possible. At the same 
time, it is recommended to consider enlisting participants that are balanced and 
accounted for in terms of age and proficiency level, which may help reveal poten-
tial patterns of variability across L2 imitators.
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