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HIGHLIGHTS

X seniors show training effects ind¢ne m st atcention demanding perceptual tasks
X no training effects in discriminatio.'or neural perception
X experiencebased linguistic \inowledge benefits the elderly

Abstract

Cognitive declire igvidericin the elderly and it affects speech perception and foreign language
learning. 4 listesanurepeat training with a challenging speech sound contrast was earlier

found to L eTiective in young monolingual adults and even in advanced L2 univerdamtst

at the auentive and piwtentive levels. This study investigates foreign language speech

perception in the elderly with the same protocol used with the young adults. Training effects
were measured with attentive behavioural measures (N=9) ancletttioencephalography

measuring the prattentive mismatch negativity (MMN) response (N=10). Training was



effective in identification, but not in discriminati@nd there wer@o changes in the MMN.
The most attention demanding perceptual functions whehefit from experienebased
linguistic knowledge were facilitated through training, whereasagtentive processing was
unaffected. The elderly would probably benefit from different training tygmespared to

younger adults.

Keywords: Training; Speech perceptiopnPhonological processingAging; Mismatch

negativity (MMN)

1. Introduction

Speech perception and foreign language learning are demandin¢ ccanitiy 2 processes which are
affected by aging. Theinvolve both conscious and subcgiscaucypssee that may be
differently affected by ageDifferent training methods havesed i proven effectivéoreign
language speegqterception and production in chilc es ard in adults. Positive training effects
in children have been shown, for examp!<, nhoum with listerandrepeat trainingl] and

in behavioural perception with higlariabii. perceptual training and discrimination training
[2,3]. Pre-attentive perceptioalsoimpiaves in children as a result of listandrepeat training

[4]. Adults benefit from perceptién ¢nid production training as well. For example,-bstén
repeat training on adu's . mhow. that visual transcription cyeather than orthographic cyes
guide towards nonciive jarget productions when presented sjtichronouscoustic model

[5] and spesiiqorangaciation instructions were shown to be effective already after one training
sessionl. wistarandrepeat training has also proven to be effective for foreign language
perceptiagfiearning at bothe pre-attentive andehavioural leved[7]. Furthemore the same

training was able to strengthen memory traces in advanced st{lents

Cognitive declineis evident in the elderly brairbrain structures change and shrimkhite

matter integrity decreases and dopaminbich is vital for learninde.g., 9], depletes. fe



related compensatory scaffolding increases functional brain actofypensatingpr declines

in various processebutthese scaffolded networks are probably less efficient than the original
networks [10] Compensatory processing in elderly compared to young adults has been shown,
for example, during spoken word processing in noise, shown also by positive correlation with
behavioural performancgl1] and rhyme judgement task?]. Spoken syntactic comgxity

is, however not affected by aginflL3], whereas semantic processin§lé]. Furthemoreg age

may [15] or may not[16] influence performance in verbal fluency when comparing different

age groups among seniors.

In older adultsprecision inperceiving temporal featuresatsoreducedcsinparan’sio younger
adults[17,18] and childrer{19]. These studies used plosivewel @ llabiaasiarying in voice
onset time (VOT) to measurkoth behavioural angsychksohysalogicadiscrimination
Strouse ancdtolleagueq17] also tested identification whigit wad,not as systematic in older

versusyoungeradults.

As it is evident that some cognitive 1oacti€ns decline and some native language linguistic
processes change with agereign Iciaguagspeech perceptidearning andesponsiveness to
training are likely also influen‘ed:\ative languageesch perception training seemasbe
effective for elderly adult’s wita,mind to moderate hearing,lassword identification in noise

and speech discrimiriation wom backund noise is bettefter training,compared tcage
matchedcontrolsy20] *but foreign language learning and trainingtudies regarding
phonsagical precesses speech perceptioand production onthe elderly are scarce.
However, i has been shown theitlerly people who study foreign languages benefit from
foreign languagspeech production traininghile otherwise active seniovgth interestother

than languages, do not benefit frore thaining [21].



The sound contrast (/#/v/) in this study represents two phonemes in English, whereas only
/1l is part of the Finnish phoneme repertoire. Finnish does not differentiate fricatives by voicing,
and hence, the stimulus péird +/vi ¥ exhibits a diffcult perceptual contrast for Finns. The
English /f/ £ /vl pair assimilates unequally into Finnish /f/ (/f/ better than /v/), causing
difficulties according to the Perceptual Assimilation Model (PAI2]. According to the
Speech Learning Model (SLM23], the English /v/ can also be described as similar to Finnish
[/, not identical or newwhich againcausesproblems. As the English /v/ assimilates into

Finnish /1/, it is difficult to perceive as distinct from /f/.

Our main aim was to investigate whethelderly adults, who are gepcic'lv “agwn to have
reducedbehavioural and neural plasticitbue to agingare still ald": to“a2ain a nenative
contrast. We exposed them to the mauive /v/ +/f/ contrast4:a dis.2nandrepeatprotocol.

The contrast presena featurehatis phonologically relevafit in e foreign target language,
but not in thenative languageDuring training, the (saiipa’ its repeated the target words after
listening to them carefully. The effectsfof the traliing were measured both at the behavioural
level with identification(ID), googness rati.:GR) and oddball discrimination taskand at

the neural levelvith psychophyveilog.zal measurescordingmismatch negativity (MMN)
responses. The MMN is & at on.atically elicitegliralchange detectionesponsewnhich
increases as a function o.learning to detect stimulus differdeags 21]. The exact same
protocol has beerused previously7,8] to measure training effects on young monolingual
adults and/on teigetianguage students, respectively. Training was effective on all measures but
GR in theymornolingual adultend all but category boundary location and @Rhe target
language students. Our hypothesis is, given for example the resultpiievioeislymentioned

VOT studieg17,18], that training may not lead to improvement in the behavioural tksks

it did in young adultg7]. Further, given the neakand cognitiveehangeselated to aging, the



pre-attentive perceptual performancetbé elderly may not show as fast and drastic changes

as in youngnonolingualadults[7] andadvancedanguage learnei8].

2. Methods

2.1 Participants

Healthy, normally hearing, righhanded Finnish speakeparticipated inthis “ztudy. All
participants had been retired and off the working life for at least on¢ year vihen tested.
Originally, there were eleven participanta/o of whom wereexcluded fiornthevsehawoal
analyses and one from the electrophysiological analyseisce, tii>re were data froen(4
females) 61 to 69earold (mean age 64.3) participants in“ae beavioural studied @(tl
females) 61 to 7yearold (mean age 65) participapts,indine eiczheephalography (EEG)
experimentsTwo participants did not manage tlie ¢ :anit.ve task in the behavioural tests as at
least in one session th&jled to press t'ec apr opricie buttohbe exclusin in the EEG data

was due to dow amount of acéepted de fatrials. The participantsreported having no
diagnosed neurological illnegses, 6.0, medication affecting ¢lbntral nervous system.
ParticiparW VY KHDW.CRJ, 20V WHVWHG ZLWK DQ DXGLRPHWHU ZL'
250 Hz, 500 Hz, 10€@¢ Hz,"200QzHand 4000 Hz; ajparticipans had normal hearing within

this range. Hapdedi »ss was tested with the Edinburgh Handedness InJ2Btorll
particinant sgave their informed consent prior to attending the experiments. The study was
approveaay the Ethics Committee of the University of Turku, Finland and was carried out in
accordance with The Code of Ethics of the World Medical Association (Declaration of

Helsinki).



The participants had completed the Finnish primary education systién® 1950s or 1960s.

On average,hey hadstudied English for 3.3 years (rangeZOyears) during the primary
education and onlyone had studied Englissince This participat reported having studied
English for three years after primary education but not mastering speaking, understanding,
reading, or writing at all. Three participants had never studied English and twarohake
never studied any languages at all. For tedainformation on the selieportson English
language skills, daily exposure to English, and years of English studies during primary
education, see Table Even thouglsome participants kisstudied English decadeshefore the
experimentthey ha extremdy low pronunciation skills and knowledgall pc:ticip'.nts hd
recreational activities, such as exercising, needlework, reading, and | cUlihedormer
occutions of the participants wepegint worker, secretary, teGuier, \managing agent, special
educaton teacher (2), head of technical services, office empicyee, IT professional, and district

heating specialist. In other words, they represente¢ d a'nermal population.

2.2 Stimuli

The stimuli (sarie saaascribed in detail if]) for the behavioural ID and GR experiments
consigied f 15 variants of the words#/fipu | H&h® Ai¥/ p Y HByOtesised using HLsyn
software 1.) Sensimetridésc.). Only the VOT of the labiodental fricative was varied. Hence,
there was no voicing in the fricative abe end of the continuupbut voicing was present
during the entirdrication at the other end. Voicing was added in 14 ms steps from the vowel
towards the beginning of the fricative. The overall duration of the stimuli was 499 ms. Based

on a pilot identification experiment with native English speakers, two stimuli representing



different categories were selected from the continuum. These two stuexdi used in the
discrimination, reaction time (RT), and EEG experiments as well as in training. The VOTs of

the two stimuli were 113 ms and 71 ms fo#/&nd /vi¥/, respectively.

2.3 Procedure and analysis

The experiments and the research procedteeescribed in detail [@]. In the foreed choice,
seltpaced ID and GR task the participants identified the stimuli as eitWeor/fivi$ aid rated

the goodness aff on a scale where 1 was poor and 7 was excellent. The Larticiantsheeard
15stimuli repeated eight times in random order. To obtain the categaxy bc undary locations and
the boundarysteepness values, the ID data was subjecte¢ 10 » ICpit transformation analysis
(statistical software SPSS). The boundary location is the " int wheréigtribution of
answers is 50%. The steepness value indicates| he'tilting of the ID response curve, i.e., the
consistency of the answers. The discripzina ongnd RT experiment used an oddball paradigm
where /fi¥/ was the standard and Athe dev'ant smulus, deviant probability being 0.13 (130
standards 20 deviantsper each_blcyk Interstimulus interval was 1000 ms. RTs were
measured from the onset of thé: stiiulus eesposes within £3 standard deviatwere
included in the analysi®icsrimirition sensitivity (I') was calculatedy using the hits, misses,

false alarms, and cugrecirejections. Both experiments started with a short familiarisation block

which data @<z natificluded in the analysis.

An oddba:yparadigm was also used in the E&@eriment. The stimuli were the same as in
the discrimination test with the same deviant probability (783 standards, 120 dpeiaeésh
block). Theparticipantsvere instructed to ignore the stimuli and to concentrate on watching a
silenced and nosuliitled movie. The order of the discrimination and the EEGstests

counterbalanced across tharticiparts. The EEG (Synamps amplifier; sampling rate 250 Hz,



bandwidth 0.570 Hz) was noseeferenced and it was registered wathAg/AgCl electrodes
(Electo-&DS ,QWHUQDWLRQDO ,QF ,PSHGD QFdés @adhedd HSW X
below and near the outer canthus of the right eye mewisyre movements. The everglated
potential (ERP) epochs (550 ms window including a 50 mspmaulus period) weréltered

off-line with a 180 Hz bandpass filter and artefact criterion was set at +100 pV. The baseline
correction period was s#bm 50 ms before stimulus onset to 71 ms after stimulus onset, where
the difference between the standard and the devianulststarted. Separately averaged
waveforms for the standard and the deviant stimdire computed for each participant
Difference waveforms were created by subtracting the standard respcase f om the deviant
response. The standards occurring right afterdeviant were exclude ! fron the analyges.
300-360 ms time window (difference between the stimuli sfaripd ot 71 ms) and three frontal
electrodes (Fz, F3, and Fdere selectefor the mean amplituca=énalysis since the MMN is

maximal over these aref®].

During listen-andrepeat training th@artCipart , we.» instructed to listen to the stimuli and

then repeat the words as accurately as pussible. They were told to especially pay attention to
the first consonant sound. Thes@st waspatfed and theravere 30 /fi¥ and 30 /vi¥/ stimuli

played in turnsresulting in23ywo ds/in every training session. No feedback was given in any

of the four sessionsguf treainmnd testing In every experiment the stimuli were delivered
binaurally via headponeSénnheiser HD25) using Presentation software (Neurobehavioral

Systems, Kic.).

The categiry boundary location and steepness were analysed separately with a Repeated
Measures Analysis of Variance (ANOVA) (sphericity assumed) . QReata were statistically
analysed for four stimuli (the trained stimuli 7 and 10 and two stimuli, 8 and 9, between them,
i.e., the category boundary ared)h a 2 x 4 ANOVAwith Session (pre and post trainirag)d

Stimulus (7, 8, 9, and 10) as withsubjects factorsThe RT andd' data were subjected



separately toaANOVA (sphericity assumed) comparing the pre and post training sessions.
We examined the training effects on MMN with a 2 x 3 ANOVA (sphericity assumed) with
Session (pre and post training) and Electrode (Fz, F3a&4yithinsubjects factorsThe
analyses were perfored with IBM SPSS Statistics 28onferroni adjustments were performed

to correct for multiple comparisons.

3. Results

There were statistically significant findings between the pre and post titining, seg$iens.
FDWHJRU\ ERXQGDU\ ZDV VLJQLILFD®®2) ljferent when S
comparing the pre and post training sessions (Fig. 1.). The'nad=liie howadaat stimulus

10 (range 8.1.1.6, std. dev. 1.04), but after four sessions af ti iing it was at 8.28 (range 4.7
10.0, std. dev. 1.60). The consistency of the boun( ar; did not change. The descriptive statistics
of the boundary location and consiste@sy showain Table 2. In the GR data, a significant
LQWHUDFWLRQ EHWZHHQ 6WLPXOXV D Q%E0.884)wak Roand.)
Paired samplestests showed no sigaificant differences between sessions or within the pre
training session. Howevethere v as o significant difference between stimuli 9 and 10 {t(8)=
3.214, p=0.012ftertraini g sugygesting that the new boundary was rated differently from the
trained stimulus. Adtheydescriptive statistics show, the boundary stimulus was rated poore
than the tra@idd! similus of the Micategory. See Table 2 for the descriptive statistics of the

GR aate



Insert Table 2 about here.

There were no significant findings in either R&sor the Gsfiindicating that the training had
no effects on either of them. The descriptive statistics are shown in Table 2. There were no
significant findings in the MMN either, suggesting that the trgwas ineffective at the pre

attentive level of perception. The results are shown in Fig. 2 and Zable

Insert Figure 2 about here.

4. Discussion

The effects of a listeandrepeat training orfioreign languagoeel h peeption in elderly
people at attentive and pattentive level were of interast this study. The only significant
effects were in the ID and GR. The training4id nowaifectbidleavioural opre-attentive

discrimination.

The present training paradigm sishown both attentive and padentive effects on
monolingual young adultf’] and‘advainced Lainiversity student$8]. Training of the two

stimuli, and exposure 20 xeant thewhole continuum during the three days of testing, alters
identification simiai’y irihoththe monolingual elderly participants of the present study and
monolinguatgaung.asd{7]. In both studies, the category boundsiniftedafter training. The
baseincyboandsry was near or at one of the trained stimuli, but after trainiag ietween

the trained.timuli. Another significant trainingelated change in the elderly appeared in the

GR between stimuli 9 and 10 after four training sessions in the current study. Stimulus 10 was
the baseline boundary, whereas stimulus 9 was the new boundary area in the post training

measurement and was then rated poorer than the trained stimulus. Thes ichidnegsR, and



category hierarchy, is interesting, since category boundary is typically rated as poor and the
prototypical category representatives as good exemdlaraddition, the former boundary
stimulus was now rated better than the new bounddnig.Shows that thearticipantaot only
changed the boundary location, but that they grew sensitive to hierarchical goodness estimates.
In contrast,in our previous studieghe young adultshowed no GR differences at §ff.
Proficientlanguage studegithowever showeddifferences between the different stimuli, not

as a training effeds].

Discrimination sensitivity and reactidimes were not affected by the trainifiyg“n tiip current
study, nor was the MMN responsehich was largest at the frontal araficiyasesCry similar

in the pre and postiraining sessionshis result is not in line with tiXreviauaindingswhere

the threeday training improvedG §nd RTs andincreasedVIid N recnonses in young adults
[7,8]. ThelD, GR, RT, G %ftnd MMN measures constituite 4 percyntual continuum in the sense
that the most attention demanding perception (ies ibh:nd GRend. The GEndRTs in

turn, require less attentivgprocessingsppro; chiripy the prattentively generad MMN
response. Tiaing-related changes ocoea n the sefpaced ID and GR test with no time
limit, which requires more effarganc,some earlier linguistic knowledgenpared to the
oddball discrimination tag'tamec susiRIs and G The selpaced characteristic of the kas
may also have beengtiene.cial for the elddelyen thougtpre-attentive changes were absent

in the elderly, learning.eficcts were evident at the behavioural level, consistent with the findings
with linguigtican s orientedseniors[21]. The elderlyparticipants are most probably able to
EHQHW. W IURREDMB B8 UQH@PH V26l iR theQrierg atte@iveHtrception,
and hence training effects were seen inthandGR. As Antoniou et al[26] summarises the
suggestions of Knowle§27], the agerelated experience, in general, distinguishes adult

learners from child learneds WKH\ SEHQHILW IURP H[SHULHQWLDO OHL



DFTXLUHG WKH EDVLF VNLOOV QHHGHG WR VXFFHHG LQ OLI

basis, anédults are more performandeHQWUHG LQ WKHLU OHDUQLQJ’

Antoniou and colleagudg26] discuss reasons why traditional learning situations may not be
suitable for older learners. Theselude for example, health issues such as cognitive decline
and auditoy and visual problems. Furthmore tasks which require memorization, roéad
speed may not be the best alternat[2€], as shown by the RT an@tfisk in the present study.
With respect to that, different training methottsuld be considerediore suic e for the
elderly. First, the training raould be slowerwith more sessions or mot@inixly Lar sassion.
Second, guidance in between training could also be beneficial. Thixu, %heaGustic difference
between the trained stimwould be larger thafor other age grow $10:azuitabldraining
methodsdesignedfor seniors are importanhot only becausg the lder adult brain is plastic
and language learning improves functions related to_lasguagaebatisat also improves
cognitive functiong26]. Further, since slightly Gec“ied/ nearing sensitivity can worsen by

reduced cognitive abilitie]28], it is impesant ) imgsove cognitive functions.

Precision in perceiving rapid tranctionthe cpectrotemporal features in speech is essential
for speeb perception. Older p:op.cyhave difficulties extracting fine temporal detsileiach

[17 A9] and norspeectie .,z cumpared to younger peoplemay well be that there were
no training effectsseca in vur studypecause of the acoustic complexity atheoretical
difficulty [22,23]"»f the stimuli.This could explain the neexistent influence of the training
on MO\ irthe ¢ urrent stdy, whereas our previous studiesyoung adults showed training

induced Mi IN changel,8].

There are a few limitations our study. First, the sample size cohlavebeen larger anda
control group could have been helpful. Hbwever, when testing pre and post training, the

participants serve as their own controls. Another limitation is that we only indirectly compared



the elderly to younger adults. Further, the future stighesld determine the influencerabre
extensivetraning and more intensive training, and comparing for example a gxqugsed to

more training taneprovided with feedback.

5. Conclusions

In contrast to monolingual adults aadvanced L2iniversity students whomtraining effects
were previously showboth in preattentive neural and behavioural percepticn. tip elderly
the current studpnly showed training effects in the behavioualandGR._liother words,
changes were evident at the behavioural processing level, buténc ak# gentivelevel,
which implies thatpre-attentiveand behaviourgbrocessingdofnowalwaysgo hand in hand.
Experiencebased linguistic knowledge definitely benefitssthe€iderly since training effects
were evident in the most attention demanding tas ‘s¢while theseiffiece not detected in the

more subconscious perception measures.
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Figure 1.ID andGR scoresX-axis shows the 15 stimuli in the continuuhwas voiceless
and15 voiced;the leftY-axisshowshow many times a stimulus was identified as a category
member(max 8 times); and the rightaxis is theGR scale (1=poor7=excellent).The

standard deviations for the boundary location and steepness are presented in Table 2.

Figure 2.The grand a\erage difierence waveforms franes andposttraining sessionsrhe
difference letweenghe stimuii starts at #is(the secondertical line from left)

Tabled, T e yec 's English has been studigihg primary educatigrhow much English has
been hecid adily, and how well English has been mastered in speaking, understanding, reading

and writing situations.

0 years 3 years 4 years 5 years 7 years
English studied 3 2 1 1 3

not at all little quite alot alot
En_gllsh heard 0 6 4 0
daily

not at all badly satisfactory well excellent




master speakinc 3 1 5 1 0
master

understanding 0 > 2 0
master reading 3 0 6 1 0
master writing 3 1 6 0 0

Table 2. The mean category boundary location and steepness in the ID; the mean GR values
for stimuli 740; the meanGdhd RT values; and the mean MMN amplitudes for time window
300860 ms. Standard deviations are in brackets.

D GR F)lscrlmlnat MMN
1oNn
bound steepn | stim stim stim stim
F Foud F4
ary ess 7 8 9 10 G RT 7
re  10.0 78 4.43 4.21 4.0 4.04 |3.39 742 y o j
P ' ' ' <t 6 ' ' “N.1%70 1.208 1.051
!
traini (1.3 (1.1 (94 (1.3 42327 (0.82 (0.89 (0.72
1.04) (.50 97
ng 0D (0 g gy )|u, ) 6 8 5
ost 828 115 |4.32 421 Sled ; 353 664 | ) )
P ' ' ' T B a ' 0.888 0.747 0.823
traini (1.3 (1.4 (6 (1.4 (161 | (0.97 (1.05 (0.99
1.60) (.77 .95
ng OO TN g Gy Noy [y g 6 3




