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Abstract. This paper presents data from a perception study in which the ef-
fects of nonnative phonetic training in listener groups of juniors and seniors are
compared. Specifically, the study includes L1 Danish participants (aged 20–30
and 60–76) and two age-matched control groups who were tested on their abil-
ity to identify the L2 English sibilants /s/ and /z/ in 2AFC tasks. The junior
(n = 14) and senior (n = 15) experimental groups were asked to complete 10 online
sessions which trained, with immediate feedback, their perception of the contrast
syllable-initially. Unlike the control group, both training groups had significantly
improved identification scores on the trained identification task at post-test, and
further analyses suggested little performance difference between the trained ju-
niors and seniors over time. Furthermore, their learning gains appeared to be
partially retained as neither age group showed significant decline in identifica-
tion accuracy eight weeks after training had finished. In conclusion, we find that
participants above the age of 60 demonstrate largely the same capabilities for pho-
netic learning as do the younger participants, and we suggest that an advanced
age does not necessarily compromise speech learning ability.
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1 Introduction

The most widely used models of second language speech, PAM-L2 (Best and Tyler
2007) and SLM-r (Flege and Bohn 2021) claim that the ability to restructure one’s pho-
netic system extends over the whole life span. Evidence supporting this claim comes
from three sources: (1) As demonstrated by, e. g. Werker and colleagues (Werker and
Tees 1984; Werker and Logan 1985), apparent decline in speech perception abilities
with age reflects a shift in attention, not neural atrophy. (2) An individual’s language
environment causes shifts in attention that may be quite subtle (often with respect
to the native language, see Harrington, Palethorpe, and Watson (2000) and Chang
(2012) or dramatic (when this shift leads to native- or near-native like production and
perception of new phonetic categories after long-term immersion in the nonnative
language environment, see Flege, Takagi, and Mann (1995) and Garibaldi and Bohn
(2019). (3) Shifts in attention can also be induced in lab settings through training
regimes (e. g. Bradlow et al. 1997; Sereno and Wang 2007). Phonetic training studies
typically use versions of the High Variability Perceptual Training (HVPT) paradigm in
attempts to emulate naturalistic experience by exposing trainees to members of to-be-
trained categories produced by multiple speakers in multiple phonetic environments
(Logan and Pruitt 1995). The evidence for the malleability of adults’ phonetic abili-
ties from these three sources is massive (as reviewed by Bohn 2018, but incomplete
in a way that is quite problematic for any claim of life-long perceptual flexibility. As
pointed out by Henrich, Heine, and Norenzayan (2010, 33) in their critique of the
behavioral sciences near-exclusive focus on participants from WEIRD2 societies, “un-
dergraduates . . . form the bulk of the database in the experimental branches of the
behavioral sciences”.

The database in second language speech research is not quite as narrow in that
many studies include participants up to the age of ca. 35 years, but as the authors
of a recent perceptual training study point out, “attention to older adults over 60
years is entirely lacking” (Zhang, Liao, and Truong 2024). A thorough review of the
literature reveals that this statement is almost accurate. In a recent review of the
effects of aging on bilingual language, Reifegerste (2021) notes that “to date, there
has been relatively little research on the effects of aging on . . . aspects . . . of bilin-
gual language such as phonetics, phonology . . . ”. Among the very few studies of older
adults’ speech learning ability is a series of studies conducted by Kubo and colleagues.
Kubo, Akahane-Yamada, and Yamada (2000) conducted a training study in which L1
Japanese listeners of various ages (in their 40s, 50s and 60s) were trained to iden-
tify American English /r/ and /l/. The authors reported significant improvements
in accuracy for the three age groups, however, their results and that of an earlier
study (Yamada 1993) suggested that the efficacy of training decreases by age. Kubo,
Akahane-Yamada, and Yamada (2000) concluded that aging interferes with the learn-
ing of new sounds, but not completely. Likewise, a large-scale training study with
1000 L1 Japanese speakers between the ages of 10 and 70 concluded that amount
of improvement decreases with age, but the elderly trainees can improve significantly
(Akahane-Yamada, Takada, and Kubo 2002).

A more recent study by Kubo and colleagues (Kubo, Akahane-Yamada, and Ak-
agi 2012; Kubo, Akagi, and Akahane-Yamada 2015) provided interesting additional

2. The WEIRD acronym stands for Western, Educated, Industrialized, Rich, and Democratic (Henrich,
Heine, and Norenzayan 2010, 33).
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information by examining training efficacy across age groups for American English
/r/ and /l/ in different phonetic environments. Kubo, Akahane-Yamada, and Akagi
(2012) and Kubo, Akagi, and Akahane-Yamada (2015) reported improvement for all
age groups, but this had to be qualified for the positions in which this contrast was
tested: All age groups showed comparable identification improvements for /r/-/l/ in
final position, but the older adults improved less than the younger participants when
tested on /r/-/l/ in initial clusters (Kubo, Akahane-Yamada, and Akagi 2012) and
initial singletons (Kubo, Akagi, and Akahane-Yamada 2015). This observation fits in
well with a study by Lively, Logan, and Pisoni (1993), who found that L1 Japanese
listeners (no age specified) identified postvocalic /r/ and /l/ quite accurately but were
less accurate at identifying these liquids in prevocalic position (both as singletons and
in clusters).

Jähi, Alku, and Peltola (2015) compared two groups of L1 Finnish speaking seniors
(aged 62–73 years) on the effect of listen-and-repeat training for the production of two
nonnative vowel contrasts. The groups differed in that one had demonstrated an
interest in language learning (i. e. had studied a foreign language at least once a week
for 2–10 years), whereas the other had not. The authors concluded that learning to
produce a non-native phoneme can be easier for elderly learners who show a general
interest in languages, but that study did not examine whether the effect of interest in
language learning would be different for different age groups.

Tamminen et al. (2021) trained L1 Finnish speaking seniors aged 61–71 years on
the nonnative /f-v/ contrast and reported that training altered identification similarly
in the elderly participants and in young adults who were studied earlier (Tamminen
et al. 2015). Neither of the Tamminen et al. (2015) and Tamminen et al. (2021) studies
included untrained age-matched control groups.

Felker et al. compared two L1 Dutch age groups (aged 18–31 and 65–84) for
the effectiveness of explicit instruction regarding the English /æ-E/ and word-final
/t-d/ contrasts. They summarized their findings by stating that “a brief phonetic
instruction can improve phonological awareness and perception of L2 contrasts in
younger and older adult listeners” Felker et al. (2023, 27).

Even more recently, Zhang, Liao, and Truong (2024) studied how L1 English-
speaking adults (age 60–64 years) benefitted from perceptual training of Mandarin
lexical tones and whether training efficacy was related to the participants’ perceptual
acuity (as determined by an adaptive pitch discrimination task) and their ability to re-
spond correctly to melodies consisting of five notes differing in fundamental frequency
by indicating the height of these notes by clicking on screen displays. The training
efficacy of the trainees in the Zhang, Liao, and Truong (2024) study was compared to
an aged-matched control group which was not trained.

All participants took a 4AFC identification task and a discrimination task before
training, immediately after training, and at a delayed post-test (two months after
training had finished). Training was conducted over four weeks in eight sessions
each lasting 20 minutes. Zhang, Liao, and Truong (2024) reported that the trainees
exhibited a more pronounced improvement in tone categorization than the control
group, and that individual differences in perceptual acuity were significantly related
to gains from training. While the Zhang, Liao, and Truong (2024) study suggests that
seniors exhibit perceptual flexibility in that they benefit from perceptual training, that
leaves open the question of how the training efficacy for seniors compares to that for
juniors.
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If the ability to restructure one’s phonetic system extends over the entire life span,
as claimed by current models, then this claim needs more support from studies with
participants who are quite a bit older than what is almost exclusively found in speech
learning studies. The present study is motivated by the obvious gaps in the litera-
ture: First, few studies have directly compared training efficacy across age groups.
Second, to the best of our knowledge, no study has ever compared the training tra-
jectory across age groups. Are there differences between age groups regarding the
effect of training across training sessions? Third, nothing is known about age differ-
ences regarding the robustness of training effects. If training is effective, does the
training effect last or does it decline after the last training session, and are there age
differences? Fourth, does training a new contrast in one syllable position extend to
improved perceptual accuracy of the same contrast in a different position and if so,
are there age differences?

The present study addressed these questions in a pretest-training-posttest-delayed
posttest design with two groups of native Danish speakers, a group of juniors aged
20–30 years, and a group of seniors aged 60–76 years. With respect to the senior
group, the aim of the study is not to be representative of seniors’ speech learning
ability in general but to determine whether chronological age per se affects the ability
to restructure speech perception for the contrast chosen for our study. We chose the
English /s/-/z/ contrast because Danish does not have voiced fricatives like /z/, and
because previous studies have shown that native Danish listeners with little English-
language experience have problems identifying tokens from this contrast correctly
(Trapp and Bohn 2002; Romano-Hvid 2003; Bohn and Ellegaard 2019).3 The present
study examined the identification of syllables exemplifying the /s/-/z/ contrast to
address the general question of how an advanced chronological age affects speech
learning ability. The specific research questions are:

• RQ1: Does the effect of training (difference in perceptual accuracy before and
after training) differ between the two age groups?

• RQ2: Do the two age groups differ with respect to their learning trajectories?
That is, does training lead to improved accuracy at different rates throughout
the training period?

• RQ3: Do the two age groups differ with respect to any lasting effect of the train-
ing?

• RQ4: Does training a new contrast in one syllable position extend to improved
perceptual accuracy of the same contrast in a different position and if so, are
there age differences?

Addressing these questions will, we expect, shed light on the general issue of seniors’
cognitive abilities. Traditionally, an advanced age was often considered to be a period

3. Trapp and Bohn (2002) trained L1 Danish adolescents to identify coda /s/ and /z/ from minimal
pairs and reported a mean identification accuracy before training of 59 %. After four training sessions
of 30 minutes duration each, perceptual accuracy increased to 73 %. While the trainees’ mean iden-
tification scores had improved after training, there was no significant improvement in their measured
production accuracy. In the Bohn and Ellegaard (2019) study, inexperience native Danish listeners
identified the initial consonant in [s] tokens as /s/ at a rate of 63.6 % (and as /z/at 31.3 %), and the
initial consonant in [z] tokens as /z/ at a rate of 54.2 % (and as /s/ at 35.4 %).
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of inevitable cognitive decline (Deary et al. 2009). However, the validity of this view is
challenged by more recent studies which suggest that “more people are living to older
ages with better overall functioning” (Christensen et al. 2013, 1507) and which has
led Ramscar et al. (2014) to speak of a “myth of cognitive decline”. With respect to
the cognitive challenges involved in learning additional languages, few studies have
examined grammatical language learning abilities in seniors,4 and those who have
report that “learning a new language in old adulthood is certainly feasible” (Kliesch
et al. 2018, 63). The present study focuses specifically on nonnative speech learning
ability in seniors.

2 Methods

2.1 Participants

We recruited two groups of participants: Juniors between the ages of 18 and 30 (which
is the age group typically found in training studies) and seniors between the ages of
60 and 78. The junior participants were recruited, among others, from a webpage
seeking research participants among Aarhus University students, from postings at
the university library, and by word of mouth. The senior participants were recruited
mainly through postings at the local libraries, through our visit to a lecture at Aarhus
Folkeuniversitet, which provides lectures and seminars open to the public, and by
word of mouth. Interested individuals were asked to fill out a brief online question-
naire on the projects’ home page which elicited information about the native language,
age, nonnative language experience, and hearing ability. 71 individuals who were ei-
ther between 18 and 30 years old, or between 60 and 78 years, who had not spent
more than six months in an English-speaking country or had experience with a lan-
guage that the /s/-/z/ contrast, and who reported normal hearing (including normal
hearing with a hearing aid), were invited to visit our lab and participate in the study.

At the first visit, three seniors did were excluded based on the results from a short
hearing test (see below). The remaining 68 participantsthen took part in a 2AFC
identification task with /sV/ and /zV/ syllables (see below, Procedure and Stimuli).
One purpose of this first visit was to only include potential participants in the training
study whose identification accuracy allowed for improvement in the training regime,
which is why we set a threshold of less than 90 % identification accuracy for this
identification task (following the procedures of previous training studies, (e. g. Saito
et al. 2022). Of the original 71 candidates, 10 junior and 10 senior candidates tested
above the inclusion threshold and were not invited to participate in the experiment.
Of the remaining 48 participants, two juniors had not trained as agreed and were
excluded, so the results of the present study are based on 46 participants: 23 juniors
(16f), age range 20-30 years, mean age = 23.2 years (SD = 2.1) and 23 seniors (15f),
age range 60–76 years, mean age 65.2 years, SD = 4.1). Participants were randomly
assigned to an experimental group which took part in the training, or a control group
which was not trained. The junior groups consisted of 14 trainees (10 f) and 9 controls
(6 f), the senior groups of 15 trainees (9 f) 8 controls (6 f).

4. An extensive overview is provided by the contributions to Gabrys-Barker 2018.
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2.2 Procedure and Stimuli

Table 1: Timeline of sessions

Pre-training Training Post-training Delayed
Post-training

Preparation

Informed consent,
hearing thresholds,
instructions using
PowerPoint:
Voicing in /s-z/

Production tasks

/s-z/ delayed
repetition, initial
and final

10 training sessions,
ca. 15 minutes each,
ca. 3 days apart

/s-z/ delayed
repetition, initial
and final

/s-z/ delayed
repetition, initial
and final

Identification tasks

Identification task I
(initial /f-v/)
Identification task II
(final /s-z/)

Identification task II
(final /s-z/)

Identification task II
(final /s-z/)

Identification task III
(initial /s-z/)

Identification task III
(initial /s-z/)

Identification task III
(initial /s-z/)

Table 1 presents the timeline of the study. In individual sessions, each participant
visited our lab when first joining the experiment. They were informed about the pur-
pose and design of the experiment and signed an informed consent form. We then
assessed their hearing thresholds, which for most participants was at least 35 dB HL
at 500, 1000, 2000, and 4000 Hz on one ear.

Participants were then shown a PowerPoint presentation on a laptop computer
with instructions in Danish. The presentation also contained links to the different
perception tasks. The participant controlled the presentation via mouse clicks. An
experimenter was present at every meeting, and participants were given the opportu-
nity to ask clarifying questions throughout the experiment.

The procedure for each participant’s first meeting is outlined here below:

1. Introduction to the topic of the experiment, including an explanation of /s/ and
/z/ being contrastive in English, and /z/ being pronounced with voicing.

2. Instructions on how the fricative voicing contrast is created including a prompt
to make the participant feel the presence of vocal fold vibration with their hand
on their throat while making a /z/ sound (like a buzzing bee) and the absence of
voicing when making an /s/ sound (like a hissing snake).

3. Instructionsto adjust the volume to a comfortable hearing level.

4. How to carry out the production task.5

5. The present report focuses on the perception aspects of the training, the results from the production
task will be reported elsewhere.
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5. 46 slides containing the delayed-repetition task and sound files.

6. Instructions on how to conduct the perception tasks (I, II, III), which were built
using the web-tool PERCY (Draxler 2011)

7. Perception Task I: Familiarization task, identification of /fV/-/vV/. Based on
the results of earlier studies (Bohn and Ellegaard 2019; Horslund and Bohn
2022) we assumed that this would be an easy task for our participants, whose
L1 has a /f-/ contrast. The stimuli were tokens from the Shannon et al. (1999)
corpus with V = /i, , u/, produced by the male talker who Shannon et al. (1999)
reported to be one of the most intelligible of their 10 talkers.6 Participants were
presented with a randomized set of 30 stimuli (2 initial consonants x3 vowels x 5
tokens) which had been normalized for peak intensity and to which participants
responded by clicking on one of two buttons marked <F> and <V>.

8. Perception Task II: Identification of syllable-final /Vs/-/Vz/. This task was in-
cluded to examine whether training of the /s/-/z/ contrast in initial position
would have an effect on the perception of the contrast in syllable-final position.
The tokens, with V = /i, , u/, were obtained from recordings of two native English
speakers (1f, 1m), normalized for peak intensity, and validated by three native
English speakers. Participants were presented with a randomized set of 60 stim-
uli (2 final consonants x 3 vowels x 5 tokens x 2 talkers) to which they responded
by clicking one of two buttons marked <S> and <Z>.

9. Perception Task III: Identification of syllable-initial /sV/-/zV/. This was the
main focus of the study, in which we compared the effect of perceptual train-
ing of syllable-initial /s/ and /z/ on the identification of the contrast in initial
position. The stimuli were tokens from the Shannon et al. (1999) corpus with
V = /i, , u/, produced by the female and male talker who the authors reported
to be the most intelligible of their 10 talkers. Participants were presented with
a randomized set of 60 stimuli (2 initial consonants x 3 vowels x 5 tokens x 2
talkers) which had been normalized for peak intensity and to which participants
responded by clicking on one of two buttons marked <S> and <Z>.

Steps 4. and 5. are irrelevant to the present study because the results of the pro-
duction tasks from before and after training will be reported elsewhere. All perception
tasks (I–III) were initiated by clicking on a PERCY link which started the experiment,
which in all instances was conducted as a 2AFC identification task.7 Results from
perception task I (identification of /fV/ vs. /vV/) will not be reported here; as expected,
all participants performed at or near ceiling.

The participants’ first visit to the lab ended with the first training session. Train-
ing consisted of the presentation of 120 trails of /sV/ and /zV/ syllables (i. e. two
randomizations of the tokens presented in Perception Task III), to which the partici-
pants responded by clicking on one of two boxes labeled “S” and “Z”. If the response
was correct, the box lit up in green, if it was incorrect, the box lit up in red, and the

6. Shannon et al. (1999) reported intelligibility scores ranging from 96.1 % to 98.9 % for the ten talkers.
The tokens used for the present study were from talkers whose intelligibility score was 98.9 %.

7. Unlike discrimination tasks in which listeners are likely to attend to within-category differences,
identification tasks have been reported to promote more robust perceptual learning (Logan and Pruitt
1995).
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stimulus was played again. This direct feedback was provided because, as Roediger
and Butler (2011, 20) pointed out, “general (right or wrong) feedback is not very help-
ful if the correct answer is not provided. Correct answer feedback usually produces
robust gains”. At the end of each training session, participants were informed about
the proportion of correct responses. Training sessions lasted ca. 15 minutes.

After the first meeting, we made an appointment for a second visit with the control
participants, which was scheduled for three weeks after the first meeting, i. e. the time
it took the trainees to complete the training sessions. The trainees borrowed head-
phones (Sennheiser HD 560S) to be used during the training sessions at home and a
training schedule for the next three weeks, according to which the training sessions
were spaced three days apart. We also arranged dates for a second meeting after
training had ended (post-test), as well as an optional third meeting for the delayed
post-training test two months after training had ended which 75 % of the trainees
were available for. Trainees received the link to the experiment via e-mail, and they
were encouraged to conduct 9 training sessions at home in a quiet room with minimal
background noise. At the beginning of each session, the software asked participants
about the environment in which they conducted the training session, the device used
to run the session, (e. g. laptop or tablet), and the sound source, and the participants
then adjusted the volume to a comfortable hearing level.

All participants received vouchers at the second meeting (worth 200 DKK for the
controls and 400 DKK for the trainees). An additional voucher worth 100 DKK was
offered to trainees after their third meeting (Delayed Post-Test).

2.3 Results

Data from the perception tasks II, III, and training sessions were downloaded from
PERCY (Draxler 2014) and merged in R studio (R Core Team 2023). Trials in which
English /s/ and /z/ were correctly identified received a score of 1, and incorrect
responses received a score of 0. Before training all participants identified syllable final
and syllable initial /s/ and /z/ in two separate tasks (II and III). The threshold for
inclusion in the present study was a maximum score of 90% in the identification task
targeting the initial English sibilants (Task III). The participants included had a mean
identification score of 69.5 % in task II (final sibilants), and a mean score of 71.8 %
in task III (initial sibilants). Figure 1 shows the sample means for the four separate
groups at Pre-Test. Whereas group means were quite similar for Task III (initial; due
to pre-established inclusion threshold), Task II accuracy means vary more across the
individual groups, most notably with the Seniors Training group scoring higher than
the Junior Training group, which has implications for an analysis that implements
Task II (final fricative identification).

A total of 29 participants were assigned to the two training groups (14 Juniors
and 15 Seniors), but only 14 of the senior trainees completed the post-training test of
initial /s/ and /z/ due to a procedural error in the second time of testing. Data from
trainee (P36) for whom we lack a crucial Task III Post-Test data pointwere excluded
from the statistical analyses. Five trainees (2 Juniors and 3 Seniors) had completed
one training session more than planned, and one (Junior, P25) had only completed six
training sessions. In analyzing the training data we opted to remove the 11th training
session of these five trainees and keep the six training sessions for P25. Since not all
trainees were available to participate in the delayed post-test, the analysis related to
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learning retention includes 21 participants (9 Juniors and 12 Seniors) from whom we
collected Task III test results at all three times of testing.

Task II Task III

Juniors Seniors Juniors Seniors

0%

25%

50%

75%

100%

A
cc

ur
ac

y Juniors Training

Juniors Control

Seniors Training

Seniors Control

Figure 1: Boxplots of the distribution of accuracy scores for identification of English
/s/ and /z/ at pre-test (implemented as the simple mean of hit/miss trial outcomes
by each participant), stratified by group and task (task II: syllable-final and task III:
syllable initial).

Addressing the specific research questions (RQ1–4) we applied mixed-effects logistic
regression models using the lme4 package (Bates et al. 2015) in R (R Core Team 2023).
In the following we address each of our research questions separately.

2.4 Training effects on /s/ and /z/ identification in initial (trained) po-
sition

For RQ1, we modeled log-odds accuracy as a function of Time (Pre-test*, Post-test),
Age Group (Juniors*, Seniors), and Treatment (Training*, Control), including all in-
teractions. All predictors were treatment coded with (*) marking the reference level.
Random effects included intercepts for participants and fricative (/s/, /z/), with by-
participant slopes for Time.

Figure 2 shows the estimated marginal means derived from the RQ1 model, and
here we summarize the modeled results: At pre-test, junior trainees performed at
73.9 % accuracy, improving to 94.2 % accuracy at post-test, β = 1.74, z = 6.838, p< .001.
At pre-test, senior trainees performed at 74.9 % accuracy, improving to 90.3 % accu-
racy. Seniors did not perform statistically significantly differently from juniors at
pre-test, β = 0.05, z = 0.229, p> .05.
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Error bars: 95% confidence intervals

Figure 2: Estimated marginal means derived from the RQ1 model transposed onto
the % correct scale

The interaction term between Time: Post-test and Age Group: Seniors does not in-
dicate a difference between junior and senior trainees in their improvement from
pre- to post-test, β = 0.61, z = 1.76, p >.05. The junior control group performed at
68.0 % accuracy on the pre-test and at 75.5 % accuracy at post-test. The differ-
ence between junior controls and trainees at pre-test was not statistically significant,
β = 0.26, z = 1.01, p >.05. The interaction term between Time: Post-test and Treat-
ment: Control suggests that the rate of improvement from pre- to post-test for the
junior controls was lower than for the junior trainees, β = 1.40, z = 3.76, p< .001. The
senior control group performed at 74.4 % accuracy at pre-test and at 82.9 % at post-
test. The interaction term between Age Group: Seniors and Treatment: Control shows
that, at pre-test, the performance of the senior control group was not statistically sig-
nificantly different from the performance of the junior control group, β = 0.24, z = 0.63,
p >.05. Finally, the interaction term between Age Group: Seniors, Treatment: Control,
and Time: Post-test shows that the rate of improvement for senior controls from pre-
to post-test was not statistically significantly different from junior controls, β = 0.78,
z = 1.46, p> .05.
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2.5 Learning trajectories for junior and senior trainees

For RQ2, we modeled log-odds accuracy as a function of Training Session (numeric;
first session = 0, increments of +0.2 per session; sixth session = 1) and Age Group, with
an interaction term. Random effects included participant intercepts, by-participant
Training Session slopes, and fricative intercepts. Training Session was treated as nu-
meric to model average improvement across the training span. Setting the comparison-
level (1) to the sixth session estimates whether a difference in accuracy trajectories
between juniors and seniors has emerged by the halfway point.

Figure 3 shows the estimated marginal means derived from the RQ2 model. At
training session 1, junior trainees performed at 82.8% accuracy. At training session
6 (i. e. the approximate half-way point), they performed at 92.7% accuracy.

Juniors Seniors

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

60%

70%

80%

90%

100%

Training session

A
c
c
u
ra

c
y

Error ribbons: 95% confidence intervals.
Dot: half-way-point session (point of comparison with 1st training session)

Figure 3: Estimated marginal means derived from the RQ2 model transposed onto
the % correct scale

The difference is statistically significant, β = 0.97, z = 6.92, p< .001. At training ses-
sion 1, seniors performed at 83.1% accuracy. Their performance at session 1 was
not statistically significantly different from that of juniors’, β = 0.02, z = 0.076, p> .05.
At training session 6, seniors performed at 90.5% accuracy. The interaction term
between Age Group: Seniors and Training Session does not indicate a statistically
significant difference between juniors and seniors in the rate of improvement from
training sessions 16, β = 0.32, z = 1.65, p> .05.

Due to the numeric coding scheme for the variable Training Session in the RQ2
model, the average rate of improvement for junior and senior trainees can be described
as a linear function for each of the groups (outcome in log-odds):

• RateJuniors = 1.57 + 0.19 Œ Training Sessioni

• RateSeniors = 1.59 + 0.13 Œ Training Sessioni

171



Rasmussen et al.
Perceptual flexibility

JLAR 3 (2025)
10.15460/jlar.2025.3.2.1806

These functions are what Figure 3 shows, albeit on the % correct scale and with added
95% confidence intervals. The confidence intervals indicate that, given hypothetical
repeat sampling, and provided that the intervals are estimated using the same proce-
dure for all samples, 95% of samples should contain the true population mean within
their confidence interval. There are no assurances that the intervals presently shown
include the true population mean.

2.6 Retainment of phonetic learning

For RQ3, we analyzed the subset who completed a delayed post-test in addition to
the pre- and post-test (n = 21). Accuracy was modeled as a function of Time (Pre-test,
Post-test, Delayed post-test*) and Age Group, with all interactions. The pre-test was
included in the model to test whether accuracy at the delayed post-test had dropped
to pre-training levels.

Figure 4 shows the estimated marginal means derived from the RQ3 model.
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Figure 4: Estimated marginal means derived from the RQ3 model transposed onto
the % correct scale. Note that the model compared Delayed post-test (Del. test) on
the one hand with Pre-test and Post-test on the other. This is not reflected in the
lines on the graph

Recall that this model only represents the subset of participants who completed all
three tests. Thus, pre- and post-test results may differ from those of the RQ1 model.
At the delayed post-test, junior trainees who completed all three tests performed at
92.8%, down from 97.8% at the post-test. The difference is statistically significant,
β = 1.25, z = 3.74, p< .001. However, the junior trainees retained much of their learn-
ing, as accuracy at the delayed post-test was still higher than at the pre-test, where
accuracy was at 73.9%, β = 1.52, z = 6.84, p< .001. As for senior trainees who com-
pleted all three tests, they performed at 87.1% accuracy at the delayed post-test, down
from 91.9% at the post-test. The model provides no evidence that seniors performed
worse than juniors at the delayed post-test, β = 0.65, z = 1.86, p> .05. Furthermore,
the interaction term between Time: Post-test and Age Group: Seniors does not indicate
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a difference between juniors and seniors in the rate of attrition from post-test to de-
layed post-test, β = 0.72, z = 1.76, p> .05. The interaction term between Time: Pre-test
and Age Group: Seniors does in fact suggest a smaller total improvement from pre-test
to delayed post-test for seniors compared to juniors, β = 0.74, z = 2.66, p< .01. How-
ever, a post-hoc test conducted on the model’s log-odds estimated marginal means
indicated that seniors still performed better at the delayed post-test compared to the
pre-test, estimate = 0.52, z = 2.15, p< .05.

2.7 Generalizing to another (untrained, syllable-final) phonetic environ-
ment

For RQ4, we fitted two separate models to estimate individual trainee gains (in log-
odds) on syllable-initial and syllable-final /s, z/. Both models estimated accuracy
as a function of Time(Pre-test*, Post-test) with random intercepts for participant and
fricative, and by-participant Time slopes. To derive individual gain scores for the
fricative positions, we extracted participant-specific random effects for Time: Post-test
and summed them with the fixed Time: Post-test coefficient for the two models. The
resulting scores were then analyzed in a third simple linear model which estimated
syllable-final gains as a function syllable-initial gains, interacting with Age Group.

Figure 5 shows individual gain scores on syllable-final /s, z/ (the untrained stim-
ulus set) predicted by gain scores on syllable-initial /s, z/ (the trained stimulus set).
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Figure 5: Individual participant gain scores (in log-odds) on syllable-initial and
syllable-final fricatives. Trendlines and error ribbons are from the model

The model’s intercept is statistically significantly different from 0 log-odds, suggest-
ing that, among junior trainees, zero gains in the trained syllable position would still
predict gains on the untrained syllable position, β = 0.32, t = 4.41, p< .001. However,
further gains in the trained position do not predict further gains in the untrained
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position, β = 0.06, t = 1.65, p> .05. The intercept for seniors is not statistically sig-
nificantly different from that of juniors, β = 0.05, t = 0.57, p> .05. However, the effect
of gains in the trained position for seniors is statistically significantly different from
juniors, β = 0.11, t = 2.09, p< .05. This suggests that, to whatever extent gains in the
trained position truly do translate to gains in the untrained position for junior trainees
(a proposition not supported by the model), the rate of transfer may be slightly smaller
for seniors than for juniors.

2.8 Discussion

Models of nonnative speech learning claim that the capacity for reorganization of pho-
netic categories remains intact over the whole life span. However, few studies have
tested phonetic learning in seniors and how their perceptual performance compares
to that of younger listeners. Addressing this issue, the present study examined the
perceptual malleability of 14 seniors (aged 60–76) who practiced auditory identifica-
tion of the English syllable-initial sibilants /s/ and /z/ – a contrast that is proven
difficult for many L2 speakers of English.

After ca. 3 weeks of high variability phonetic training, the seniors demonstrated
significantly better identification scores on the same 2AFC task (Task III) with a gain
score of ca. 12 % judging from the descriptive results. Post-test results for the seniors’
age-matched control group did not reveal the same statistically significant improve-
ment in accurate sibilant identification, and we interpret this difference as testament
of successful learning after training. Trainees who were available for testing two
months after the training had ended also completed the delayed post-test. From this
test we collected identification data from 12 seniors who had also completed the same
task twice before. While the participants’ accuracy level dropped from post — to the
delayed post-test, the group was on average more accurate at this last time of testing
than they were at pre-test, which indicates at least some retainment of learning. The
description of the development in syllable initial sibilant identification for the seniors
also applies to the groups of juniors. In fact, the statistical models we ran on the per-
ception data from the syllable-initial (trained) context (RQ1–3) all point to highly sim-
ilar patterns of nonnative phone identification over time between the two trained age
groups. Impressionistically however, we do observe steeper slopes for junior trainees
than for the seniors, which is in line with previous findings by Akahane-Yamada and
colleagues, who noted that older trainees could improve in nonnative perception yet
not as much as younger trainees (Akahane-Yamada, Takada, and Kubo 2002). In
the current study on identification of initial /s/ and /z/ we observe greater variance
in the seniors’ perception scores after training than in those for juniors, and we can
speculate if standardized measures of hearing loss or mental acuity could have helped
us interpret these differences in learning gains.

As for the final research question we were interested in exploring the level of learn-
ing. Specifically, we asked if perceptual improvement of the initial /s/ vs. /z/ contrast
would extend to improvement in perception of the same contrast in syllable final posi-
tion, and an identification test (Task II) probed participants’ perceptual performance
in this context at pre — and posttest as well. Overall, the trainees did improve from
pre-test to post-test in how accurately they identified /s/ and /z/ in the syllable final
VC stimuli. This improvement was significant for the junior trainees and marginally
significant for the senior trainees. How then did this improvement relate to improve-
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ment of sibilant perception in the trained position (if at all)? Modelling the gains in
Task II (syllable-final /s/ and /z/ identification) as a function of gains in Task III
we did not find a clear association between gains in the two tasks. While there was
a positive predictive trend for the junior trainees, it was not statistically significant.
Interestingly, the trend was slightly negative in the modeled results for the senior
trainees, but we are cautious in how we interpret the outcome of the statistical mod-
els to RQ4 since there are some obvious problems concerning gain scores on the two
different tasks. Recall that the senior trainees happened to more accurately iden-
tify syllable-final /s/ and /z/ at Pre-Test than did the junior trainees. With a fixed
number of trials on the same test the room for improvement is thus simply smaller
when the individual trainee has a relatively higher score at pre-test which necessarily
results in a lower gain score, all things being equal.

Just as we are cautious in how we interpret the data from the present study, we
also offer thoughts about some of its limitations. Based on the literature (Bohn and
Ellegaard 2019), we expected the syllable-initial contrast /s/-/z/to pose substantial
challenges to Danish listeners, but >25% of the recruited participants were excluded
after pre-test based on highly accurate (>90 % correct) sibilant identification in Task
III. Consequently, our study is based on quite a small sample which should ideally
be increased in future work. Secondly, such a ceiling effect could suggest that the
task involving this particular L2 target contrast is perhaps not sufficiently challenging
to the larger population of L1 Danish speakers, who are indeed becoming gradually
more familiar with English (Lønsmann, Mortensen, and Thøgersen 2022). Addition-
ally, since the status of English has changed over the past 30 years (Lønsmann,
Mortensen, and Thøgersen 2022), there may be obvious differences in how members
of our demographic will have previously engaged with the language. For example, we
can reasonably assume differences in L2 English proficiency and exposure across our
two age groups, but without an objective measure we cannot learn the extent to which
our perception data is dependent on these relevant variables. Future research may
wish to explore the perceptual learnability of even more challenging nonnative speech
contrasts, just as it is advisable to control carefully for familiarity with the phonetic
inventory of the target language across age groups in as far as it is possible to do so.

3 Conclusion

The present study applied well-known methods from the speech training literature
(i. e. HVPT, Logan and Pruitt 1995; Bradlow et al. 1997 to groups of seniors and
juniors who were tested on their ability to correctly identify English /s/ and /z/ in
CV syllables. The aim was to compare the perceptual malleability of seniors above
the age of 60 (whose nonnative speech perception has rarely received scholarly atten-
tion), to that of juniors (<30 years of age), who represent the typical learner group
in perceptual training studies. Our results showed that both age groupswere signifi-
cantly more accurate in identifying the initial sibilants after just ten training sessions
over three weeks. Also, both age groups of trainees showed robust training effects
in that they maintained higher accuracy on the same test two months after training
had ended, with delayed post-test scores differing statistically from pre-test scores for
both groups. We controlled for simple test-retest effect by including two age-matched
control groups who did not complete the perceptual training, and while we found
numeric improvements in these groups between pre — and posttest, improvements in

175



Rasmussen et al.
Perceptual flexibility

JLAR 3 (2025)
10.15460/jlar.2025.3.2.1806

neither of the control groups were significant. Additionally, we found little difference
in results on the identification tests of the trained sibilants between the groups of
seniors and juniors in the experimental groups. While our sample can in no way
be considered representative of the population, the positive learning gains after few
training sessions bodes well for the potential of nonnative phonetic learning/strength-
ening even after the age of 60. Extending studies of L2 speech learning to seniors is
an important endeavor in so forth as we wish to test general claims about nonnative
speech perception and if these indeed hold true for a group of participants who has
been largely overlooked in the literature. But with an aging and increasingly con-
nected population there is an indubitableneed for and interest in foreign language
learning, and there are plenty of avenues that the research community will need to
address in order to map out how senior learners are different from (or indeed similar
to) the younger learners that have mostly informed our understanding of L2 learning.
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