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Abstract
Auditory learning is essential for adapting to continuously changing acoustic environments. This adaptive capability, however,
may be impacted by age-related declines in sensory and cognitive functions, potentially limiting learning efficiency and gener-
alization in older adults. This study investigated auditory learning and generalization in 24 older (65–82 years) and 24 younger
(18–34 years) adults through voice discrimination (VD) training. Participants were divided into training (12 older, 12 younger
adults) and control groups (12 older, 12 younger adults). Trained participants completed five sessions: Two testing sessions
assessing VD performance using a 2-down 1-up adaptive procedure with F0-only, formant-only, and combined F0+ formant
cues, and three training sessions focusing exclusively on VD with F0 cues. Control groups participated only in the two testing
sessions, with no intermediate training. Results revealed significant training-induced improvements in VD with F0 cues for
both younger and older adults, with comparable learning efficiency and gains across groups. However, generalization to
the formant-only cue was observed only in younger adults, suggesting limited learning transfer in older adults.
Additionally, VD training did not improve performance in the combined F0+ formant condition beyond control group im-
provements, underscoring the specificity of perceptual learning. These findings provide novel insights into auditory learning
in older adults, showing that while they retain the ability for significant auditory skill acquisition, age-related declines in per-
ceptual flexibility may limit broader generalization. This study highlights the importance of designing targeted auditory inter-
ventions for older adults, considering their specific limitations in generalizing learning gains across different acoustic cues.
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Introduction
Auditory-perceptual learning allows listeners to adjust to dif-
ficult listening conditions (e.g., to understand fast-rate speech,
speech amid background noise, and competing talkers), using
an interplay between top-down (cognitive) and bottom-up
(sensory) processes (Bieber & Gordon-Salant, 2021; Davis
& Johnsrude, 2007; Samuel, 2011; Samuel & Kraljic,
2009). With age, the sensory and cognitive processes
mediating perceptual learning deteriorate (Anderson &
Karawani, 2020; Harada et al., 2013; Jayakody et al., 2018;
Pichora-Fuller & Singh, 2006; Schneider, 2011).
Accordingly, the process of learning and the ability to gener-
alize the learning gains to new conditions and tasks may be
significantly impaired with increasing age. One way to ex-
plore the learning capacity of older adults is via auditory train-
ing. However, findings from the literature addressing the

efficacy of learning following auditory training for older adult
listeners are limited and highly varied (Bieber &
Gordon-Salant, 2021). The present study sought to compare
the learning and generalization characteristics of older adults
to younger adults, using auditory training with a basic
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psychoacoustic task of voice discrimination (VD). Such a
comparison may help infer how age could influence the neural
processes undergoing reorganization after training (Ahissar
et al., 2009; Censor, 2013; Karni, 1996; Karni & Sagi,
1993) and bear significance to the latent potential for enhan-
cing functioning in advanced aging.

Perceptual skill learning is defined as a long-lasting improve-
ment in the ability to respond to the environment and extract in-
formation from a given stimulus, due to experience (Gibson,
1963; Goldstone, 1998). One constraint on perceptual learning
is that the training-induced gains may become more specific
to the trained task and/or conditions as training progresses
(Zaltz et al., 2020), suggesting that both the magnitude and
the nature of changes in neural encoding of an auditory task
evolve progressively throughout the learning process (Ahissar
et al., 2009; Ahissar &Hochstein, 2004). Furthermore, the learn-
ing specificity was suggested to be affected by the similarity, or
overlap in brain representation, between the trained and un-
trained stimuli or tasks, with better generalization of the
learning-gains to untrained tasks or conditions that share the
same neural circuits as the trained task (Amitay et al., 2014;
Hesseg et al., 2016). Exploring the extent of generalization
may therefore serve as a possible probe into the neural processes
undergoing reorganization following training.

Understanding how perceptual learning interacts with
age-related changes in peripheral and central auditory abilities
is critical, as aging is associated with declines in auditory
functions that extend beyond reduced hearing sensitivity (as
measured by audiometry). These include deficits in the tem-
poral and spectral processing of the auditory input (Goupell
et al., 2017; Moore & Peters, 1992; Schvartz-Leyzac &
Chatterjee, 2015) that may influence both the learning process
and the extent of generalization. In terms of temporal process-
ing, electrophysiological studies reveal significant age-related
declines in temporal precision, particularly within the auditory
brainstem (Anderson et al., 2011; Purcell et al., 2004). These
deficits are thought to stem from diminished phase-locking
(Anderson et al., 2021) and decreased auditory nerve syn-
chrony (Anderson et al., 2012). Such temporal impairments
may contribute to the poorer F0 discrimination observed in
older adults, who require approximately twice the F0 differ-
ence to perform at levels comparable to younger listeners
when tested with harmonic complex tones and synthetic vo-
wels (Moore & Peters, 1992; Vongpaisal & Pichora-Fuller,
2007). In terms of spectral processing, broadened auditory fil-
ters—likely due to reduced outer hair cell function (Tun et al.,
2012)—have been associated with the poorer speech-in-noise
performance observed in older adults, even among those with
normal audiometry (Nambi et al., 2016). Furthermore,
age-related changes in the spiral ganglion and auditory nerve
can further contribute to spectral resolution deficits, particu-
larly in more advanced stages of age-related hearing loss
(Schmiedt, 2010). Additionally, aging negatively affects top-
down, cognitive abilities in the domains of working memory,
attention, and inhibition (Craik & Salthouse, 2000; Schneider

& Pichora-Fuller, 2000). Such declines may adversely impact
the capacity for perceptual learning.

The literature regarding age effects on auditory perceptual
learning is both limited and inconsistent (Bieber &
Gordon-Salant, 2021). For example, listeners aged 65–87
showed rapid plateauing during implicit training on accented
speech, with improvements ceasing after the first block
(Adank & Janse, 2010). In contrast, substantial learning gains
have been observed in older adults when engaging in explicit
training paradigms that provided trial-by-trial feedback.
Examples include gap detection training in individuals aged
60–80 (Kishon-Rabin et al., 2013), time-compressed speech
(TCS) training in those aged 65–91 (Manheim et al., 2018),
combined training on speech-in-noise, TCS, and competing
speakers in individuals aged 60–72 (Karawani et al., 2015),
and speech-in-noise training in participants aged 61–79
(Humes et al., 2014).

Additionally, evidence regarding the effect of age on the
transfer of learning to new stimuli or conditions is varied, ran-
ging from extensive (Fostick et al., 2020; Sabin et al., 2013) to
restricted generalization (Manheim et al., 2018; Peelle &
Wingfield, 2005). For example, older adults aged 56–82 dis-
played broad generalization of learning gains after undergoing
spectral modulation detection training, exhibiting superior
transfer to an untrained spectral modulation frequency com-
pared to the young control group (Sabin et al., 2013).
Conversely, following TCS training, older adults showed
poorer generalization to untrained compression ratios (65–
78 year olds, Peelle & Wingfield, 2005) or untrained sen-
tences (65–91 years old, Manheim et al., 2018) compared to
their younger counterparts. Manheim et al. (2018) proposed
that older adults rely more on higher-level representations
of training material, such as the semantic meaning of sen-
tences, than lower-level representations like the acoustic
structure. Consequently, they exhibit decreased generalization
of the learning-gains to untrained material that solely shares
acoustic properties with the trained material compared to
younger adults. One way to explore whether this reduced gen-
eralization is a general characteristic of older adults or de-
pends on task complexity is to employ a training protocol
focused on a basic discrimination task, such as VD, rather
than a speech perception task like TCS. This approach allows
for the assessment of learning generalization in a task that em-
phasizes fundamental psychoacoustic processing.

VD holds significant importance in differentiating speakers
within a multi-talker environment, a skill linked to improved
speech perception amid background noise (Bronkhorst, 2015;
Vestergaard et al., 2009). This task involves discriminating
between auditory stimuli (e.g., words or sentences) based on
variations in fundamental frequency (F0), influenced by vocal
cord characteristics like length, mass, and vibration rate, and
formant frequencies shaped by the vocal tract length of the
speaker (Darwin et al., 2003; Mackersie et al., 2011;
Schvartz-Leyzac & Chatterjee, 2015; Skuk &
Schweinberger, 2013; Vestergaard et al., 2009, 2011).
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These acoustic cues convey crucial information about the
speaker, encompassing attributes such as age, gender, and in-
dividual characteristics (Başkent & Gaudrain, 2016; Shultz,
2015; Skuk & Schweinberger, 2013; Smith et al., 2007;
Smith & Patterson, 2005). Research indicates that efficient
F0 coding relies largely on processing the temporal envelope
and/or temporal fine-structure cues of the signal, while form-
ant coding predominantly involves the place-based coding of
spectral energy peaks (Carlyon & Shackleton, 1994; Fant,
1960; Fu et al., 2004; Lieberman & Blumstein, 1988;
Oxenham, 2008; Xu & Pfingst, 2008). Considering the tem-
poral and spectral processing demands for effective F0 and
formant perception, it is not surprising that a growing body
of research indicates older adults exhibit poorer abilities in
F0 discrimination (across various age groups, Anderson
et al., 2021; Anderson & Karawani, 2020; Moore & Peters,
1992; Souza et al., 2011; Vongpaisal & Pichora-Fuller,
2007), vowel identification based on formant changes (60–
81 years old, Chintanpalli et al., 2016, pp. 65–78 years old,
Goupell et al., 2017, pp. 65–83 years, Vongpaisal &
Pichora-Fuller, 2007), and VD based on either F0 or formant
cues, compared to younger groups (65–78 years, Zaltz &
Kishon-Rabin, 2022).

Although no study has yet attempted to enhance VD per-
formance in older adults through training, findings from
studies with young adults suggest that voice training can sig-
nificantly improve performance across various tasks, such as
explicit voice identification, implicit voice familiarity, and
VD tasks (Kreitewolf et al., 2017; Nygaard et al., 1994;
Yonan & Sommers, 2000; Zaltz, 2024). For example, two
training sessions focused on VD using either F0 or formant
cues resulted in significant improvements in performance
(Zaltz, 2024). Similarly, two-session voice identification or
familiarization training with sentence stimuli significantly
enhanced both VD and voice recognition (Yonan &
Sommers, 2000). Notably, even brief training protocols
can yield measurable benefits in young adults. For instance,
a 10-min voice training session improved speech intelligibil-
ity for speech produced by the trained voice (Holmes et al.,
2021). However, in some cases, the effects of voice training
have been reported to remain highly specific to the trained
task and stimuli. Yonan and Sommers (2000) found that
sentence-based voice training enhanced sentence recogni-
tion for the trained voice but did not improve the recognition
of isolated words. Similarly, Biçer et al. (2023) demon-
strated that while a 30-min audiobook listening protocol re-
duced pupil dilation when listening to the trained voices,
indicating reduced listening effort, it did not improve VD
with the same voices. Additionally, Zaltz (2024) recently re-
ported that VD improvements did not generalize to the same
trained VD task when using untrained voice cues. The lim-
ited generalization in young adults raises concerns about
whether older adults would be able to generalize their learn-
ing gains following VD training, assuming they demonstrate
improvement.

The present study aims to advance our understanding of
the constraints that influence auditory learning and generaliza-
tion in older adulthood, using VD training that is focused on
F0 information. To this end, two groups of participants, young
adults and older adults underwent three-session VD training
based on F0 cues. The extent of generalization of the learning
gains was assessed to a different acoustic cue (formants) and
to combined F0+ formant cues. Performance in these condi-
tions was assessed by comparing it with control groups of
young and older adults that did not undergo any training.
The hypothesis suggested that while older adults would gen-
erally demonstrate lower VD compared to young adults (Zaltz
& Kishon-Rabin, 2022), they would also benefit from training
(Humes et al., 2014; Karawani et al., 2015; Kishon-Rabin
et al., 2013; Manheim et al., 2018). However, poorer general-
ization of the learning gains to untrained conditions was ex-
pected, reflecting differences in the neural circuits engaged
in learning at varying ages (Amitay et al., 2014; Hesseg
et al., 2016).

Materials and Methods

Participants
Forty-eight participants took part in the study. Twenty-four
young adults aged 18–34 years were divided into training
(mean age of 28.58 years± 4.10, n= 12) and control groups
(mean age of 23.09 years± 3.17, n= 12), and 24 older adults,
aged 65–82 years were divided into training (mean age of
72.67 years± 6.36, n= 12) and control groups (mean age of
73.18 years± 5.18, n= 12). None of the participants had prior
experience with similar psychoacoustic tasks, nor did they
have any documented history of ear disease. Additionally,
all participants had completed a minimum of 12 years of for-
mal education. The young adults exhibited normal pure-tone
air conduction thresholds in both ears, registering pure-tone
air conduction thresholds of ≤20 dB HL across octave fre-
quencies from 250 to 8,000 Hz (ANSI, 2018). The older
adults displayed pure-tone air conduction thresholds that
were equal to or superior to the 50th percentile for their age
group (Engdahl et al., 2005). Table 1 presents the mean pure-

Table 1. Mean Pure-Tone Thresholds (in dB) Across Octave
Frequencies for Training and Control Groups (Mean of two Ears),
and Results of Multivariate Analysis.

Frequency
(Hz)

Training Group M
(SD)

Control Group M
(SD) p-value

250 22.71 (3.76) 24.58 (2.46) .288
500 23.75 (4.46) 19.37 (4.15) .021*
1000 22.33 (5.87) 18.75 (4.70) .066
2000 31.87 (4.66) 23.33 (6.43) .001**
4000 42.91 (9.58) 39.27 (7.02) .115
8000 61.04 (11.89) 57.7 (14.78) .549

Note. *= p< .05, **= p< .005.
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tone thresholds across the tested frequencies for the training
and control groups of older participants, while Figure 1 pro-
vides detailed audiograms. Overall, hearing thresholds ranged
from normal to mild hearing loss (up to 40 dB HL) at 2,000
Hz, minimal to moderately severe loss (25–70 dB HL) at
4,000 Hz, and mild to severe loss (35–90 dB HL) at 8000
Hz. Some variation was observed between the training and
control groups, with statistically significant differences at
500 and 2000 Hz. None of the older adults had utilized a hear-
ing aid. Each older adult demonstrated cognitive abilities
within the normal range (Mini-Mental State Examination
[MMSE] score≥ 25, based on the English version [Folstein
et al., 1975]), maintained independent living, and reported
leading an active lifestyle. Informed consent was obtained
from all participants. The study received approval from the
Institutional Review Board of Tel Aviv University (approval
number: 0007524-2).

VD Test
Stimuli. The specific VD test utilized in this study was previ-
ously described (Zaltz, 2023, 2024). In summary, the test in-
volved 82 single-syllable CVC words from the Hebrew
version of the Arthur Boothroyd (HAB) test (Kishon-Rabin
et al., 2004). The words were recorded by a female native
speaker in a soundproof room using an AT-892-TH micro-
phone and Sound-Forge software (version 7.0). The recordings
utilized stereo channels at a sampling rate of 44,100 Hz and a
16-bit quantization level. Ensuring consistent intensity levels
across all stimuli, amplitudes were normalized to −16 dB
RMS. The words were altered within a 14-point stimulus con-
tinuum, adjusting either F0 solely, formant frequencies solely,
or both F0 and formants. This continuum followed an exponen-
tial progression in√2 steps, ranging from a change of −0.127
semitone to−8 semitones, mirroring techniques in previous pa-
pers (Levin & Zaltz, 2023; Zaltz, 2023; Zaltz et al., 2018, 2020;
Zaltz & Kishon-Rabin, 2022). Specifically, the mean F0 was
adjusted in increments of 0, −0.127, −0.18, −0.26, −0.36,
−0.51, −0.72, −1.02, −1.44, −2.02, −2.86, −4.02, −5.67,
and −8 semitones from the original stimulus’s mean F0. This
manipulation was carried out using the PSOLA algorithm
(Moulines & Charpentier, 1990) for pitch extraction and modi-
fication. For instance, if a word had a mean F0 of 175.62 Hz,
lowering the F0 transitioned the comparison word exponen-
tially from 174.33 to 110.35 Hz in√2 steps. When manipulat-
ing formant frequencies, adjustments ranged exponentially
from a ratio of 0.99 (the smallest change from the original fre-
quencies) to 0.63 (the most significant change), necessitating
resampling the stimulus to compress the frequency axis. This
compression was achieved using factors akin to the F0 change,
followed by the application of the PSOLA algorithm to restore
the original pitch and duration.

VD Threshold Assessment. The study employed the
three-interval three-alternative forced-choice (3I3AFC)

method to evaluate VD difference limens (DLs) based on
F0, formants, or their combination. Each trial displayed two
unprocessed reference stimuli alongside one manipulated
comparison stimulus, timed with a 300-millisecond intersti-
mulus interval. A corresponding square on the PC monitor
signaled each stimulus presentation. Participants were direc-
ted to select the stimulus they perceived as “sounding differ-
ent” by clicking the respective square using a computer
mouse. The initial comparison stimulus underwent the most
significant manipulation, with F0 lowered by eight semitones
and formants adjusted by a ratio of 0.63. An adaptive tracking
procedure, following a two-down, one-up pattern, was uti-
lized to establish DLs corresponding to a 70.7% detection
threshold on the psychometric function (Levitt, 1971). The
difference between reference and comparison stimuli was suc-
cessively halved until the first reversal, then adjusted using a
√2 factor until the sixth reversal. Just noticeable differences
were calculated as the average of the last four reversals, fol-
lowing a protocol documented in prior studies (Levin &
Zaltz, 2023; Zaltz, 2023; Zaltz et al., 2018, 2020; Zaltz &
Kishon-Rabin, 2022). Participants were not limited by time
constraints in making their selections. Throughout the VD as-
sessment, no feedback was provided regarding participants’
responses. However, during training sessions, visual feedback
was provided: The selected square on the PC monitor would
illuminate in green for correct responses and in red for incor-
rect ones. Each VD block lasted around 3–4 min. Before for-
mal testing, participants engaged in a short familiarization
task with 5–10 trials featuring the greatest difference between
the reference and comparison stimuli to confirm their under-
standing of the task.

Study Design
The trained participants completed a series of five sessions,
two testing sessions and three training sessions, with 1–3
days between each consecutive session (Figure 2). The testing
sessions were the first and last (fifth) sessions. They involved
six VD blocks: two with F0-only cues, two with formant-only
cues, and two combining F0+ formant cues. The order of VD
cues was counterbalanced among participants. Additionally,
during the first testing session, all participants underwent a bi-
lateral air-conduction threshold hearing test across octave fre-
quencies ranging from 250 to 8000 Hz (ANSI, 2018), and
only the older adults underwent cognitive screening using
the Hebrew version of the MMSE (Folstein et al., 1975).
This assessment consists of 11 questions and covers various
mental functions. A score of 25 points or more indicated cog-
nitive abilities within the normal range. Overall, the first ses-
sion lasted approximately 90 min, while the fifth session
lasted about 45 min, with short breaks provided as needed.

Sessions 2–4 were dedicated to training, consisting of eight
VD blocks using F0-only cues, with each session lasting ap-
proximately 60 min.
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The control groups completed only two testing sessions,
spaced 7–10 days apart. These sessions were identical to the
first and fifth session of the training groups.

Apparatus and Data Analysis. The study was conducted in a
sound-treated, single-walled room. Stimuli were delivered
using the internal soundcard of a laptop personal computer
through a GSI-61 audiometer to both ears via TDH-49 head-
phones. The individual mean pure-tone air conduction thresh-
olds at 500, 1,000, 2,000, and 4,000 (PTA4) were calculated
for each ear. These values served as a baseline to establish
presentation levels for the VD task, and stimuli were pre-
sented at 35 dB sensation level (SL) above the individual
PTA4, aiming to approximate a balanced SL across young
and older participants. Pearson correlation coefficients
showed no significant correlations between PTA4 and VD
performance (mean of the two blocks) for either acoustic
cue during the first testing session, in both age groups (p>
.05).

Statistical analyses were carried out using SPSS-28 soft-
ware (IBM Corp, Armonk, NY). All VD data underwent loga-
rithmic transformation before being entered into analyses,
following the approach used in previous studies (El
Boghdady et al., 2019; Koelewijn et al., 2021, 2023; Zaltz,
2024). Two multilevel models (MLMs) for repeated measures
were employed. The first MLM was used to assess learning,
with a three-level structure: blocks (level 1) nested within ses-
sions (level 2), and further within participants (level 3).
Session and block were modeled as linear trends, and age

group as a between-participant factor. Power was determined
using G*Power (Faul et al., 2007). Based on previous studies
reporting medium to large effect sizes for similar interactions
(Anderson et al., 2022; Karawani et al., 2015; Manheim et al.,
2018), we adopted a conservative estimate of Cohen’s f= 0.25
with α< 0.05. The hypothesized age group * session * block
interaction had a power of 0.99 in our sample.

The second MLM was utilized to assess generalization,
with a five-level structure: Blocks (level 1) nested within ses-
sions (level 2) and cue type (level 3), further nested within
participants (level 4). Session, cue type and block were treated
as within-person variables, and age group and group as
between-participant factors. All variables were effect-coded
so that lower-order terms (e.g., main effects) were not biased
due to the inclusion of higher-order terms (e.g., interactions).
Using the same power estimation approach, the hypothesized
2 * 2 * 2 * 3 interaction (group, age group, session, and cue
type) had a power of 0.98 in our sample.

Results

Learning
Averaged F0-based VD thresholds for the training groups
during the training sessions are detailed in Appendix 1,
Table 1. A full model summary of the statistical analysis em-
ployed to assess learning is shown in Table 2. Results re-
vealed a significant effect for age-group, signifying better
thresholds among younger participants. In addition, there
was a significant linear effect for session and block, indicating

Figure 1. Mean (thick lines and symbols) and Individual (thin Lines and Symbols) Hearing Thresholds Across Octave Frequencies Ranging
from 250 to 8000 Hz for the Right (red circle) and left (blue cross) Ears for the Older Adults (n= 24).
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between-session (Figure 3A) and within-session learning
(Figure 3B). No significant interactions were observed, sug-
gesting comparable learning trajectories between the groups.

Generalization
Averaged VD thresholds based on either F0-only,
formant-only or combined cues during the first and second
testing sessions are outlined for the trained and control groups
in Appendix 1, Table 2. A full model summary of the statis-
tical analysis employed to assess generalization is shown in
Table 3.

The results revealed a significant block effect, with no sig-
nificant block interactions (p> .05), indicating rapid improve-
ment between the first and second block across groups and
cue types. A significant group * age-group * cue type * ses-
sion interaction was observed. To further examine this effect,

we analyzed conditional interactions separately for each cue
type. For the F0-only (Figure 4A), the analysis revealed a sig-
nificant effect for age-group [B= 0.12, SE= 0.03, p < .001],
with older adults performing worse. A significant effect was
also found for session [B=−.07, SE= 0.01, p < .001], along
with a significant session * group interaction [B= 0.03, SE
= 0.01, p= .007], indicating significant improvement from
the first to the second testing sessions only for the training
groups [B=−0.09, SE= 0.02, p < .001]. No other interactions
reached significance (p> .05), suggesting a similar magnitude
of improvement in the F0-only condition for both young and
older adults. Furthermore, visual inspection of the data sug-
gested no significant difference between the F0 performance
of the young training group in the first testing session and
that of the older adults training group in the second testing
session. To statistically assess this, a Bayesian analysis was
conducted on the F0 performance scores from these two

Figure 2. Study Design Outlining the Sessions Conducted by the Training and Control Groups, Each Including 12 Young Adults and 12
older Adults Training Groups Underwent Five Sessions (two testing and three training sessions), Separated by 1–3 days. Control groups
Participated in two Testing Sessions only, with Sessions Spaced 7–10 days Apart. Note. VD=Voice Discrimination, F0= Fundamental
Frequency, For = Formants.

Table 2. A Model Summary of the Three-Level Multilevel Model (MLM) Employed to Assess Learning.

95% Confidence interval

Parameter B SE t Sig. Lower bound Upper bound

Intercept 0.187 0.045 4.110 .000 0.093 0.281
AgeGroup 0.204 0.091 2.247 .035 0.016 0.392
Session −0.057 0.016 −3.582 .002 −0.091 −0.024
Block −0.014 0.004 −3.742 .001 −0.022 −0.007
AgeGroup * Session −0.004 0.032 −.117 .908 −0.071 0.064
AgeGroup * Block −0.005 0.008 −.641 .525 −0.020 0.010
Session * Block 0.002 0.005 .481 .633 −0.007 0.012
AgeGroup * Session * Block 0.059 0.150 .395 .693 −0.236 0.355
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sessions. A Bayes Factor (BF01) of 3 or higher indicates that
the null hypothesis (H0) is favored over the alternative hy-
pothesis (H1), with BF01= 3 corresponding to a 5% criterion
in hypothesis testing. The analysis yielded a BF01= 3.35,
supporting the no-difference hypothesis. This suggests that
three training sessions were sufficient for the older adults to
reach the VD performance level of the young adults at their
naïve baseline.

For the formant-only (Figure 4B), the analysis revealed
significant effects for age-group [B= 0.16, SE= 0.02, p <
.001] and session [B=−0.04, SE= 0.02, p= .008].
Significant interactions were found for group * session [B=
0.03, SE= 0.03, p= .036] age-group * session [B= 0.04, SE
= 0.02, p= .024] and group * age-group * session [B=
−0.04, SE= 0.02, p= .009]. We further broke down the
tripled interaction using conditional interaction analysis.
Results revealed significant improvement between the first
and second testing sessions only for the young adults who re-
ceived training [B=−0.10, SE= 0.03, p < .001].

For the F0+ formant (Figure 4C), the analysis revealed
significant effects for group [B= 0.08, SE= 0.03, p= .027],
with poorer thresholds in the control groups; for age-group
[B= 0.19, SE= 0.03, p < .001], with worse performance
among older adults; and for session [B=−0.09, SE= 0.02,
p < .001], showing significant improvements between the first
and second testing sessions. No interactions reached signifi-
cance (p> .05), indicating a similar magnitude of improve-
ment in the F0+ formant condition, across both the training
and control groups and both age groups.

Discussion
The objective of the present study was to enhance our under-
standing of the constraints influencing auditory learning and
generalization in the elderly population. This was achieved

by employing a basic psychoacoustic task of VD. Young
and older adults underwent a three-session VD training regi-
men focused on F0 cues. The study assessed the efficiency
of learning by examining the time course of learning both
within and between sessions, as well as the extent to which
the acquired learning generalized across different voice
cues. The principal findings can be summarized as follows:
(a) Although older adults exhibited poorer hearing thresholds
and inferior VD performance compared to young adults, both
groups demonstrated substantial improvements in VD based
on F0 cues following training. Furthermore, no statistically
significant differences were found in the learning trajectories
or overall gains between the two age groups, indicating simi-
lar learning efficiency; (b) despite similar learning gains with
the trained VD condition (F0-based), only the younger train-
ing group showed significant improvements in the formant-
based VD condition following training, suggesting greater
generalization of the learning gains in younger compared to
older adults; (c) learning gains for VD based on combined
F0+ formant cues did not differ between the training and con-
trol groups, indicating no added advantage of single-cue train-
ing for combined-cue VD. This result reveals limitations in
the generalization for both young and older adults.

Our finding that, as a group, the older adults exhibited
poorer VD thresholds based on F0-only, formant-only or
combined F0+ formant cues compared to the young adults
aligns with previous research demonstrating age-related im-
pairments in F0 and formant perception (Anderson et al.,
2021; Chintanpalli et al., 2016; Goupell et al., 2017; Souza
et al., 2011; Vongpaisal & Pichora-Fuller, 2007) as well as in-
ferior VD performance based on these cues in older popula-
tions (Zaltz & Kishon-Rabin, 2022). This outcome may be
influenced by the potential confounding effect of hearing sen-
sitivity in the older adult group. While their hearing thresholds
generally aligned with typical age-related patterns, a notable

Figure 3. Mean Voice Discrimination Thresholds (± Standard error) Based on Fundamental Frequency (F0) Cues for the Young (n= 12)
and Older (n= 12) Training Groups, Showing a Significant Effect for (A) Training Sessions (collapsed across training blocks), and (B) Training
Blocks (collapsed across training sessions).
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prevalence of high-frequency hearing loss was observed, with
some individuals exhibiting thresholds in the moderately se-
vere to severe range. Such age-related hearing loss (presbycu-
sis) is associated with impaired auditory processing, including
reduced spectral resolution due to outer hair cell loss, broa-
dened auditory filters, strial dysfunction, or cochlear synapto-
pathy, and/or decreased temporal resolution from reduced
neural synchrony (Anderson & Karawani, 2020). Previous re-
search suggests that effective F0 and formant frequency cod-
ing relies on efficient utilization of both temporal and spectral
information (Fu et al., 2004; Oxenham, 2008; Xu & Pfingst,

2008). Therefore, deficits in spectro-temporal processing,
such as impairments in periodicity and fine-structure percep-
tion (Souza et al., 2011), may account for the reduced VD per-
formance observed in older adults. Alternatively, the poorer
VD performance in older adults may partly reflect age-related
declines in cognitive abilities, such as working memory and
executive control (Harada et al., 2013; Mitchell et al., 2000)
which may be critical for attending to the relevant acoustic
cue for VD and retaining this information long enough to fa-
cilitate decision-making. However, all older adults in the cur-
rent study passed the MMSE screening. Furthermore, if

Table 3. A Full Model Summary of the Five-Level Multilevel Model (MLM) Employed to Assess Generalization.

Parameter B SE t Sig.
95% Confidence interval

Lower bound Upper bound

Intercept 0.30 0.08 3.90 <.001 0.15 0.46
Group .12 0.05 −2.47 .017 −0.22 −0.02
AgeGroup .32 0.05 6.42 <.001 −0.42 −0.22
Cue (0) .25 0.02 12.05 <.001 −0.29 −0.21
Cue (1) −.10 0.02 5.08 <.001 0.06 0.15
Session −.13 0.02 7.86 <.001 0.10 0.17
Block −.04 0.02 2.52 .012 0.01 0.08
Group * AgeGroup −0.37 0.16 −2.38 .021 −0.68 −0.06
Cue (1) * Group −0.29 0.13 −2.19 .033 −0.55 −0.02
Session * Group 0.00 0.10 −0.04 .968 −0.20 0.20
Session * AgeGroup −0.04 0.10 −0.42 .676 −0.24 0.16
Block * AgeGroup 0.00 0.09 −0.04 .967 −0.18 0.17
Cue (1) * Block −0.10 0.11 −0.98 .333 −0.31 0.11
Session * Block 0.05 0.08 0.58 .567 −0.12 0.21
Session * Group * AgeGroup 0.34 0.14 2.39 .021 0.05 0.62
Block * Group * AgeGroup 0.06 0.13 0.46 .645 −0.19 0.31
Cue (0) * Session * Group 0.03 0.12 0.28 .782 −0.20 0.27
Cue (1) * Session * Group 0.09 0.14 0.65 .522 −0.19 0.37
Cue (0) * Block * Group −0.01 0.12 −0.10 .920 −0.25 0.23
Cue (1) * Block * Group 0.02 0.15 0.13 .900 −0.28 0.32
Session * Block * Group −0.08 0.12 −0.65 .517 −0.31 0.16
Cue (0) * Session * AgeGroup 0.02 0.12 0.14 .888 −0.22 0.25
Cue (1) * Session * AgeGroup 0.16 0.14 1.13 .263 −0.12 0.43
Cue (0) * Block * AgeGroup −0.06 0.12 −0.51 .611 −0.30 0.18
Cue (1) * Block * AgeGroup 0.19 0.15 1.28 .207 −0.11 0.49
Session * Block * AgeGroup 0.04 0.12 0.37 .714 −0.19 0.28
Cue (0) * Session * Block −0.12 0.11 −1.08 .285 −0.34 0.10
Cue (1) * Session * Block 0.01 0.12 0.11 .917 −0.22 0.25
Cue (0) * Session * Group * AgeGroup −0.22 0.17 −1.32 .193 −0.55 0.11
Cue (1) * Session * Group * AgeGroup −0.42 0.19 −2.15 .036 −0.81 −0.03
Cue (0) * Block * Group * AgeGroup 0.04 0.17 0.22 .824 −0.30 0.37
Cue (1) * Block * Group * AgeGroup −0.27 0.21 −1.31 .197 −0.70 0.15
Session * Block * Group * AgeGroup −0.02 0.17 −0.09 .928 −0.35 0.32
Cue (0) * Session * Block * Group 0.12 0.15 0.81 .424 −0.19 0.43
Cue (1) * Session * Block * Group 0.17 0.17 1.04 .302 −0.16 0.50
Cue (0) * Session * Block * AgeGroup 0.07 0.15 0.48 .631 −0.24 0.38
Cue (1) * Session * Block * AgeGroup −0.17 0.17 −1.02 .315 −0.50 0.16
Cue (0) * Session * Block * Group * AgeGroup −0.05 0.22 −0.21 .837 −0.48 0.39
Cue (1) * Session * Block * Group * AgeGroup 0.13 0.233 0.569 .572 −0.34 0.60

Note. All variables were dummy coded. Group represents the effect of training vs. control (reference group); AgeGroup represents the effect of young adults
vs. older adults (reference group); Cue 0 (F0+ For) and Cue 1 (F0-only) represent their effects compared to Cue 2 (formant-only; reference category); Session
represents the effect of the first session vs. the second session (reference category); Block represents the effect of the first block vs. the second block
(reference category).
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cognitive decline played a major role, it would also be ex-
pected to affect learning. Yet, in the present study, older
and younger adults demonstrated comparable learning out-
comes, making this explanation less likely.

Notably, although older adults exhibited poor hearing
thresholds and overall VD performance, training with VD
based on F0-only cues led to significant improvements, with
both the time course and magnitude of their learning closely
matching those of the young adults. The lack of significant
differences in learning trajectories and overall gains between
the two groups suggests that the fundamental mechanisms
supporting auditory skill learning remain intact in older
adults. This aligns with previous studies showing that older
adults can benefit from auditory training despite initially
lower performance relative to younger adults (Humes et al.,
2014; Kishon-Rabin et al., 2013; Manheim et al., 2018).
These findings support the notion that auditory perceptual
learning is achievable even as sensory and cognitive capaci-
ties decline with age (Anderson & Karawani, 2020;
Jayakody et al., 2018), provided that training is appropriately
structured.

Moreover, the rapid improvements in VD performance ob-
served across cues in older adults between the first and second
blocks of the initial and final testing sessions, mirroring the
young adults’ rapid learning, suggest preserved adaptation
mechanisms. Similar rapid learning effects have been docu-
mented in young adults during speech perception tasks in-
volving degraded speech (e.g., noise-vocoded or accented
speech [Banai et al., 2022; Borrie et al., 2012; Davis et al.,
2005; Gordon-Salant et al., 2010]), as well as in a VD task

(Zaltz, 2024). While aging may negatively affect rapid learn-
ing for some types of complex speech, such as TCS
(Manheim et al., 2018), studies have shown that older adults
with hearing impairments exhibit comparable rapid learning
effects to younger adults following repeated exposure to stim-
uli that are less acoustically demanding, such as accented
speech (Gordon-Salant et al., 2010). Fast learning is thought
to arise from top-down tuning and adaptation processes that
facilitate effective task-solving strategies and reduce response
bias (Hauptmann et al., 2005; Hauptmann & Karni, 2002),
with recent evidence also suggesting involvement of early
stages of perceptual learning (Banai et al., 2022). These me-
chanisms were suggested to contribute to enhanced speech
understanding in difficult listening situations, allowing listen-
ers to quickly adapt to changing acoustic environments (Banai
et al., 2022). The current findings, indicating rapid VD im-
provements in older adults, suggest that brief, voice-targeted
training has the potential to enhance the perception of basic
acoustic features, which may, in turn, support better perform-
ance in challenging listening environments, such as noisy set-
tings, for older adults.

Our finding that three VD training sessions with F0 cues
were sufficient for older adults to “close the gap” and reach
the naive performance level of the younger group further un-
derscores the efficiency of auditory skill learning in this age
group. Similarly, Kishon-Rabin et al. reported that four train-
ing sessions were enough for older adults to achieve gap de-
tection performance comparable to the initial (naïve)
performance of young adults (Kishon-Rabin et al., 2013).
The fact that just a few sessions can bridge the performance
gap across various psychoacoustic tasks suggests that the ob-
served age-related differences may primarily result from de-
clines in higher-order cognitive processes, such as auditory
attention and decision-making, which are most impacted in
the initial phases of learning (Censor, 2013; Karni, 1996).
In line with this reasoning, the three-day training in the pre-
sent study may have enhanced focused attention, enabling
better processing of the most informative neural channels, re-
ducing internal noise (Jones et al., 2013), and helping estab-
lish efficient task-specific routines (Karni, 1996; Ortiz &
Wright, 2010; Wright & Zhang, 2009). However, it is also
possible that, alongside these top-down “task learning” pro-
cesses, lower-level neural changes may have taken place
(Hawkey et al., 2004), improving fine-temporal coding defi-
cits associated with aging and, consequently, enhancing F0
perception in older adults. Further research, incorporating a
broader range of psychoacoustic tasks, is needed to determine
if these age-related “gaps” can consistently be closed within a
few training sessions, as suggested by our findings. Such evi-
dence could have significant implications for developing clin-
ical interventions and training protocols aimed at enhancing
auditory skills in older populations.

While the study confirmed that both groups showed sig-
nificant learning gains with the F0-only cues, significant im-
provement with formant-only cues was observed only in the

Figure 4. Mean Voice Discrimination Thresholds (± Standard
error) Based on (A) Fundamental Frequency (F0) Cues, (B) Formant
Cues, and (C) Combined F0+ formant Cues, Shown Separately for
the Training (n= 24) and Control (n= 24) groups, as well as for
Young
(n= 12 per group) and Older Adults (n= 12 per group), Across the
two Testing Sessions.
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young training group, indicating a broader scope of learning
transfer compared to older participants. A review of the litera-
ture reveals that only a limited number of studies have evalu-
ated the generalization of auditory training effects to untrained
stimuli in older versus younger adults (Bieber &
Gordon-Salant, 2021). Among these, studies on TCS learning
show that older adults exhibit less generalization compared to
younger adults, with performance improvements confined to
the specific compression ratio (Peelle & Wingfield, 2005)
and sentence content (Manheim et al., 2018; Peelle &
Wingfield, 2005) used during training. Other studies found
that all listener groups showed limited but comparable gener-
alization of learning for non-native speech (Bieber &
Gordon-Salant, 2017), while no generalization of the
learning-gains was observed following noise-vocoded speech
training, across groups (Sheldon et al., 2008). Manheim et al.
(2018) suggested that older adults may prioritize higher-level
semantic information over lower-level acoustic details during
auditory processing, which could limit their ability to general-
ize learning. However, the present findings indicate that even
in a basic VD task that requires listeners to focus on acoustic
features rather than linguistic content, older adults show a re-
duced generalization compared to younger adults. This sug-
gests that the difficulty may not stem from a focus on
semantic information but rather from age-related declines in
perceptual flexibility and auditory processing. Older adults
may struggle to adapt to new or altered acoustic patterns
due to inefficient auditory processing or declines in cognitive
functions such as auditory attention and working memory.
These challenges likely hinder their ability to shift focus
and adjust perceptual strategies when confronted with differ-
ent acoustic cues, thereby limiting their capacity to generalize
learning effectively. Future studies should test this theory by
examining the role of auditory attention and flexibility in
learning generalization across various acoustic tasks in older
adults.

Interestingly, VD training using the F0-only cue did not
significantly improve VD performance when combining F0
and formant cues for either young or older adults, beyond
the gains observed in the control groups, which are likely
due to rapid learning mechanisms (Banai et al., 2022;
Gordon-Salant et al., 2010; Holmes et al., 2021). This result
is consistent with a recent study that found no generalization
to combined cues after two sessions of VD training with either
F0-only or formant-only cues in young adults (Zaltz, 2024). A
possible explanation for this outcome may be the distinct pro-
cessing mechanisms involved for each acoustic cue in VD.
Specifically, formant coding primarily relies on spectral pro-
cessing, while F0 coding depends mainly on temporal pro-
cessing (Fu et al., 2004; Oxenham, 2008; Xu & Pfingst,
2008). Therefore, in a VD task using both formant and F0
cues, an integration of these coding mechanisms is required.
Although this task may benefit from cue redundancy, as indi-
cated by the better performance with combined cues com-
pared to individual ones across groups, it also demands

higher-level integration beyond basic sensory processing.
The lack of generalization to the combined-cue condition sug-
gests that the neural adaptations resulting from single-cue
training may not extend to the complex processing required
for integrating multiple acoustic cues (Ahissar & Hochstein,
2004; Irvine, 2018). This finding underscores the specificity
of perceptual learning and implies that to facilitate generaliza-
tion, training protocols may need to incorporate multiple cues
or conditions simultaneously, irrespective of age.

Limitations and Future Directions
One limitation of this study is its focus on F0-based training
without incorporating variability in the training materials.
This protocol was chosen to minimize potential interference
from interleaved or consecutive training involving additional
conditions (Banai et al., 2010; Maidment et al., 2015), but it
may have limited the extent of generalization achieved.
Future studies could explore a more varied training approach,
alternating between different voice cues (e.g., F0, formants)
or introducing varied listening environments, such as back-
ground noise, to determine whether such strategies might pro-
mote broader learning generalization without compromising
the learning timeline. Additionally, incorporating neuro-
physiological measures, such as auditory-evoked potentials,
could offer valuable insights into the neural changes under-
lying both the successes and limitations in generalization.
Finally, caution is warranted in interpreting these results
due to the relatively small cohort used in the present study
and the differences in hearing sensitivity between the two
older adult groups. Future research should aim to replicate
these findings while ensuring that hearing thresholds are
matched between training and control groups. Additionally,
employing a larger sample size and including a broader range
of age groups and populations, such as older adults who use
hearing aids, would further enhance the applicability and gen-
eralizability of the current study’s implications.

Conclusions
The novel findings of the present study carry significant impli-
cations for the potential of auditory training in older adults
with age-related hearing loss. Although older adults showed
similar learning efficiency to young adults in the trained con-
dition—VD based on F0 cues, their limited ability to general-
ize this learning to an untrained voice cue suggests constraints
likely associated with age-related declines in processing flexi-
bility (Harada et al., 2013; Schneider, 2011). The present
study’s results align with the previous suggestions that older
adults’ neural reorganization following training may be
more constrained to the specific conditions experienced dur-
ing the training process (Manheim et al., 2018; Peelle &
Wingfield, 2005). However, as neural mechanisms were not
directly assessed in this study, this interpretation should be ap-
proached with caution. Further research is needed to develop
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training protocols that facilitate broader generalization, espe-
cially for older populations, to maximize the potential benefits
of auditory training in enhancing speech perception abilities
in complex listening environments. Additionally, given the
varying degrees of hearing impairment among the older adults
in this study, future research should explore whether auditory
training outcomes differ based on hearing profile and whether
individuals with more severe hearing loss may derive distinct
benefits or require tailored intervention approaches.
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Appendix

Table A1. Averaged F0-Based Voice Discrimination (VD) Thresholds for the Training Groups Across the Three Training Sessions, with
Standard Errors Shown in Parentheses.

Blocks

Age-group Sessions 1 2 3 4 5 6 7 8

Young adults 1 1.62
(0.34)

1.79
(0.34)

1.75
(0.32)

2.00
(0.53)

1.89
(0.49)

2.03
(0.49)

1.71
(0.34)

1.52
(0.39)

2 1.63
(0.31)

1.57
(0.28)

1.61
(0.27)

1.34
(0.27)

1.42
(0.28)

1.42
(0.29)

1.44
(0.31)

1.24
(0.32)

3 1.58
(0.27)

1.50
(0.30)

1.62
(0.34)

1.49
(0.42)

1.37
(0.22)

1.09
(0.14)

1.21
(0.21)

1.34
(0.28)

Older adults 1 3.21
(0.37)

3.20
(0.58)

3.00
(0.53)

2.85
(0.53)

2.44
(0.50)

2.35
(0.36)

2.25
(0.35)

2.12
(0.40)

2 2.26
(0.34)

2.52
(0.49)

2.26
(0.38)

1.96
(0.25)

2.40
(0.47)

1.96
(0.32)

1.87
(0.18)

2.16
(0.34)

3 2.17
(0.30)

2.21
(0.37)

2.02
(0.36)

2.19
(0.44)

1.60
(0.23)

1.96
(0.29)

2.02
(0.32)

2.02
(0.47)

Table A2. Averaged Voice Discrimination (VD) Thresholds Based on F0-Only, Formant-Only, and Combined F0+ Formant Cues for the
Training and Control Groups Across the two Testing Sessions, with Standard Errors Shown in Parentheses.

F0-only Formant-only F0+ Formants

Age-group Group Blocks/sessions 1 2 1 2 1 2

Young Adults Training 1 2.31
(0.43)

1.99
(0.36)

1.43
(0.17)

1.25
(0.18)

0.84
(0.14)

0.73
(0.17)

2 1.17
(0.19)

1.45
(0.24)

0.90
(0.18)

0.75
(0.19)

0.48
(0.13)

0.44
(0.12)

Control 1 2.22
(0.33)

1.88
(0.29)

1.62
(0.18)

1.20
(0.16)

0.96
(0.17)

0.91
(0.13)

2 2.02
(0.38)

1.35
(0.18)

1.49
(0.22)

1.44
(0.30)

0.67
(0.12)

0.78
(0.16)

Older Adults Training 1 3.33
(0.56)

2.46
(0.37)

2.55
(0.36)

2.32
(0.24)

1.82
(0.42)

1.74
(0.39)

2 1.81
(0.32)

1.87
(0.19)

2.51
(0.27)

2.52
(0.46)

1.20
(0.28)

1.28
(0.42)

Control 1 3.53
(0.31)

3.42
(0.28)

2.75
(0.24)

2.17
(0.19)

1.79
(0.14)

1.97
(0.21)

2 3.17
(0.42)

3.50
(0.46)

2.45
(0.27)

2.07
(0.15)

1.60
(0.22)

1.41
(0.16)

Singer and Zaltz 15


	 Introduction
	 Materials and Methods
	 Participants
	 VD Test
	 Stimuli
	 VD Threshold Assessment

	 Study Design
	 Apparatus and Data Analysis


	 Results
	 Learning
	 Generalization

	 Discussion
	 Limitations and Future Directions
	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


