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As the U.S. population ages, the need to understand how language changes with age
becomes more important. Difficulty with word retrieval is one of the most notable
changes as individuals age (Burke & Shafto, 2004); however, theoretical modgilsgof a
disagree on the cause. Two prominent theories aiena@red lexical access hypothesis

and thegeneral slowing theory. The present study aimed to explore these two ideas using
magnetoencephalography (MEG). A young adult group (N=17, mean age 20)Gayeiars
an older adult group (N=9, mean age =64.6 years) participated in a lexicabdeask
using verbs. MEG latency data corresponding to lexical access found no bgtaeen-
difference. Behavioral response times were significantly slower in dee gioup.

Results point either to the idea that linguistic difficulties expereibgeolder individuals
are the result of reduced abilities in phonological or motor processing, ortihat w
lexical representations remain intact, the connections between them becoefédiesnt

with age.
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I ntroduction

In 2000, the national Census reported that 12.4% of the population was over 65
years of age, and in 2009, it was estimated that 12.9% of the population was over 65
years of age (U.S. Census Bureau, Population Estimates Program, 2009). The U.S.
population is aging, and questions about how language changes with age are becoming
increasingly important.

One of the earliest observable changes as individuals age is increasedydifficult
with word retrieval (Burke & Shafto, 2004). Although it is documented that word
retrieval difficulties exist in the aging population, the exact nature giribl@em has not
yet been defined. Some researchers point to reduced access to lexicahtapoes
(Myerson, Ferraro, Hale, & Lima, 1992; Sommers, 1996), while others propose a
breakdown in access to phonological codes, as is commonly experienced in the tip-of-
tongue (TOT) state (Burke et al., 1991; Burke & Shafto, 2004; Nicholas, Obler,,Adbert
Goodglass, 1985). A number of researchers argue that impaired access tofexical
phonological representations is not the source of linguistic difficulties erpeddy
older adults; rather, there is a global reduction in processing speedngesutiowed
word retrieval (Craik & Byrd, 1982; Myerson et al., 1992). Many studies on word
retrieval in aging utilize behavioral research methods to quantify difésutat older
individuals have with speed and accuracy of picture naming and lexical decision tasks,
and results disagree about a specific cause for the decreased peréoahalder adults
(Almor, Kempler, Anderson, &MacDonald, 2005; Moberg, Ferraro & Petros, 2000;
Morrison, Hirsh, & Duggan, 2003; Nicholas et al., 1985; Ramsay, Nicholas, Obler, &
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Albert, 1999). The present study seeks to examine if speed of lexical acggss ma
impacted in aging by using a temporally sensitive brain imaging technitiee ca
magnetoencephalography (MEG), which measures magnetic fieldatgehby

electricity conduction through neurons. Further, most prior studies have examined noun
retrieval, probably because most nouns can be both pictorially simple, therefore
convenient for research design, and are also important content words. Howédser, ver
also play a vital role in communication and there is reason to believe that \erbs ar
processed differently than nouns (Perani, Capa, Schnur, Tettamanti, Collina, Rosa, &
Fazio, 1999; Warburton, Wise, Price, Weiller, Hadar, Ramsay, & Frackp®886). Yet,
very few studies of aging include verbs. Hence, relatively little is known aboutérbs
are impacted by aging, particularly whether or not verbs are acceshddevsame

speed as we age. The study proposed for this thesis seeks to specifarailyeex
differences in verb access with aging using MEG. To our knowledges thisang the

first examinations of verb access in the elderly with MEG. It is likelyME&6G may

reveal detailed information about timing and location of brain activity that cannot be
obtained through alternative means, hence providing a greater understandingusf the tr
nature of word retrieval difficulties.

In the following sections, linguistic aspects of aging will be reviewdith, w
particular focus on lexical differences in order to better understand thblposs
mechanisms underlying word access in aging. This will be followed byfsection on
neural changes with aging (encompassing both structural and functionaigmdadgien,

selected brain imaging studies of lexical access will be discussed, sp#tidic focus on



MEG. Finally, there will be a brief overview of the known differences between noun and

verb processing.

L anguage and Aging
Theoretical perspectives on language in aging

Several theories have been proposed to explain the language-related changes tha
occur with aging, some of which relate to reduced access to lexical or phoabitegns
and others which relate to overall processing speed. One theory posits that older adult
have reduced inhibitory capacity. Therefore, the brain has more difficultyisgldte
correct item from the mental lexicon, since more potential responses aededlti
(Sommers, 1996). A second theory, the diminished-resource hypothesis, proposes that
older individuals have reduced processing resources. As a result, individuals may not
have enough cognitive resources to devote to a specific task, or may allocaé e |
resources inappropriately (Craik & Byrd, 1982). One variant of the diminished resourc
hypothesis is that linguistic resources are specifically inefficleence affectingccess
to lexical representations (Burke & Shafto, 2004). The direct consequence of impaired
access to lexical representations is difficulty with retrievingdsavhile speaking.
Another very prominent account igeneral slowing theory. This theory holds that with
aging comes reduced cognitive efficiency, resulting in slower priocefs both
linguistic and nonlinguistic tasks (Myerson et al., 1992). Both the impaired llexioaess
and the general slowing theories would result in slower retrieval of lateoas in older
individuals. Obviously the general slowing theory predicts additional slowing down of

other nonlexical and cognitive operations such as auditory and visual processing and



motor planning. It is as yet unclear if any of these hypotheses better efmrderical
access difficulties in elderly individuals. The present study attemplsgely examine
performance on a lexical decision task, in order to determine whethealggpa/ness is
demonstrated by older individuals, or if impaired access to lexical or phondlogica
representations is the cause of reduced language processing speethwdhbeories
will be revisited in later sections in the context of predictions for the pretselyt s
Empirical findings on language in aging

Older adults have been shown to use and process language differently than
younger individuals (Botwinick & Storandt, 1974; Burke, MacKay, Worthley, & Wade,
1991; Davis & Ball, 1989, Morrison et al., 2003; Nicholas et al., 1985; Obler, Fein,
Nicholas & Albert, 1991; Ramsay et al., 1999). A wide variety of languageunesdsave
been shown to decrease with age, including the ability to define words (Botwinick &
Storandt, 1974), discourse production (Kynette & Kemper, 1986), and comprehension of
complex syntax and implausible sentences (Davis & Ball, 1989, Obler et al., 1991). In
tasks that require delayed recall of information presented verbally, igleaisshown that
processing speed decreases significantly between ages 20 to 6(0rgekne(, Lu, &
Loerch, 2008). One of the most widely observed and reported difficulties that begin to
emerge as individuals age is word finding difficulties; indeed, research shatike
TOT phenomenon increases with age (Burke et al., 1991).

Because word finding problems and TOT phenomena are some of the earliest and
most observable issues that occur with aging, lexical access may be @uhsmeof the

most relevant aspects of language to explore in the context of aging.



Lexical Accessin Aging

As mentioned earlier, most prior research on lexical access has examined nouns,
using either picture naming tasks or lexical decision tasks (in which partigecitle if
a presented word is real or not). Because previous studies have relied mainly on nouns as
stimuli for investigations of lexical access, a review of the liteeatuill discuss findings
based on noun studies, highlighting studies utilizing verbs whenever possible. Research
into how lexical access is affected by aging shows that there areddésrin the ways
that older individuals access the lexicon. This research has largelydutigbavioral
methodology, in which participants are asked to name pictures. This is a prodisition ta
that incorporates access to both semantic and phonological knowledge into the end goal
of word production. Following the meta-analysis by Indefrey & Levelt (2004¢gneral
model for picture naming involves visual processing, lemma retrieval/sgiectrieval
of phonological code, syllabification, and, finally, articulation. A second emapiask,
lexical decision, has been used to focus more specifically on lexical adtesst the
potential confounding factor of phonological encoding and articulatory planning
processes, but with the requirement of making a decision on lexicality anatinglithe
decision by means of a button press response.

Wbrd production studies

Word production tasks demonstrate that older adults are slower and less accurate
than younger individuals (Morrison et al., 2003; Moberg et al., 2000, Nicholas et al,
1985; Ramsay et al., 1999). Two experiments by Morrison et al. (2003) demonstrated tha
older adults were slower and less accurate at naming verbs than younger itgliindua

the first experiment, college students (mean age 19.6 years) and oldefradalisage



75.5 years) were asked to provide verbal labels for pictures depicting adnahgsis of
the data showed that older adults made more total errors and produced a widerfvariety o
erred responses than younger adults. Furthermore, word frequency had a much more
significant impact on older adults’ performance than on younger adults’. Inoaddit
older adults were affected significantly by visual complexity of theldtirBecause older
adults were slower to name more visually complex pictures, researchernhabtiey
were slower to process and identify the action being shown. The second experiment
involved similar groups of undergraduate students (mean age 21.2 years) and older adults
(mean age 74.2 years). Participants were asked to orally read wattés. Older adults
still demonstrated longer response times than younger individuals. Resgargued
that older individuals’ performance in the two experiments (slower response/ieme
dealing with more complex stimuli, and slower naming and reading) provide support f
the general slowing hypothesis. However, the faster naming latenciesHer (ag
opposed to lower) frequency words suggest that lexical access may bedmpaire
especially for lower frequency items because word frequency is conshetieel authors
to be a lexical variable. Hence the findings of this study did not differertettveen
general slowing and lexical hypotheses of aging. Because the authat éihd any
relationship between variables of age and stimulus type (picture vs. written thiexd),
reject the idea that slower response times in older adults may be a redalklofelated
deficit not directly examined (for example, motor planning for speech).

The finding that older adults are affected by word frequency was regulibst
Almor et al. (2005). Their study required oral reading of written verbs, and ifouad

that older adults’ performance was affected by frequency of verbs when eahipahnat



of younger individuals. This supports lexical access as the point of breakdown in word
processing, since, as previously mentioned, word frequency is a lexical &aimabl
contrast, a study by Newman & German (2005) compared naming abilities of
adolescents, young adults (ages 20-49 years) and older adults (aged 504 lyegrs)
concluded that age of acquisition and familiarity of the words, rather than frequency
played a significant role in the performance of older adults.

The first of a two-part behavioral study using the Boston Naming Tésk)(B
compared the performance in a word naming task of 23 college-age adultisageeat
22.17 years with range of 19-36 years), to that of 25 older adults (mean age of 68.16
years with range of 60-91 years), all of whom were screened for a histoeym@iogical
disease and handedness (Moberg et al., 2000). Participants were asked tpnearizll
picture stimuli from the BNT. Response latency and accuracy were recorded a@Qults
demonstrated a longer response latency than the young adult group. However, no
significant difference between older and younger adults regardingaagouas found. It
is unclear whether the slower responses were due to overall slowed proceskmgeor
access to lexical representations. The second part of the study involxezhbdecess
task that will be discussed later.

Another study that examined aging using the BNT found slightly differenltses
Nicholas et al., (1985) investigated naming abilities across diffegengr@ups. Four
cohort groups were tested: 30-39 years, 50-59 years, 60-69 years, and 70-79 years.
Researchers tracked accuracy of initial response, error type, and hguastielpants
responded to cueing. Stimuli included both nouns (from the BNT) and verbs (from the

Action Naming Test (ANT)). The study demonstrated that older adults showed overal



decreased naming abilities, especially after age 70. All groups adgunateed more
verbs than nouns. In addition, performance on the BNT (nouns) declined more
significantly than on the ANT (verbs) with age. The change from the 30s group to the 70s
group was 89.3% correct to 79.5% correct for the BNT; 94.3% to 89.1% for the ANT.

A longitudinal study by Ramsay et al. (1999) also examined verb naming using
the ANT. In their study, the naming skills of 66 individuals (ages 30-79 at the beginni
of the study) and how those skills changed over a 7 year period were investigated.
Participants were screened for handedness, neurological illness, vision ang hearin
acuity, and cognition. The ANT was administered to each participant 3divees 7
year period. Participants were divided into 4 groups based on age at initig; t88s,
50s, 60s, and 70's. For each group except the 30s, response accuracy decreased
significantly over time. By the third testing, the 60 year olds’ perfooaavas
significantly worse than the 30-year-olds’, and the 70-year-olds’ peafozenwas
significantly worse than both the 30-year-old and the 50-year-old groups.

The Nicholas et al. and Ramsay et al. studies both found similar erronpatter
the naming abilities of older adults. Both studies found that older adults frequently
mislabeled verb pictures using semantically related verbs. In additiorsaiganal.
(1999) found that older adults were more likely to produce a noun-for-verb substitution.
Authors suggested this pattern may have been due to the task constraints or due to better
accessibility of nouns. In their study, older individuals also demonstratezhsact
perseveration when compared to younger individuals; however, perseverativeesspons
were generally in reference to semantically related pictures ‘eigning” vs. “racing”).

Additionally, Nicholas et al. (1985) observed circumlocutions more frequently in older



adults. Because they noticed that verb errors were most frequentlyseithantically
related verbs or circumlocutions describing the target verb, the authors lsypednhat
the difficulty in word retrieval was not related to incorrect semantic reptasons;
rather, the participants had difficulty accessing other word charsttsriphonology,
grammatical encoding, etc.). Thus, the Nicholas et al. study supports thedrbkical
access theory. Researchers furthermore suggested that namirgsabiblder adults
decrease due to difficulty with lexical retrieval, and that circumloagtin testing and
conversation may reflect a learned coping mechanism. Finally, casesfound that
older adults responded better to phonological cues than to semantic cues when struggling
with word retrieval, suggesting that word retrieval is more compromised fiputif
accessing the phonological representation rather than the lexical repgresetner
studies, however, suggest that areas besides the phonological system niayteaotr
lexical access difficulties (Almor et al., 2005). When interpreting teesies, it should
be kept in mind that behavioral picture naming tasks incorporate multiple cognitive and
linguistic processes (picture recognition, phonology, semantics, motor plancihgnet
hence add many confounds in interpretations about the process of lexical acsess per
Ramsay et al. (1999) found that older adults were less accurate in nanbisg ve
than their younger counterparts. However, despite decreased performared amyypits
were shown to score above 90% accuracy on verb-naming tasks; thus, in conversation
they are unlikely to experience significant difficulties (although they de M@ states
more often than younger individuals). Authors of this study hint that lexicalsaisces
impaired during the normal aging process; however, even the most degradatdgecéor

was characterized by 90% accuracy. Both this study and that of Nichalasneasured



only accuracy of naming. However, examining response latency may moret@lgcura
represent older adults’ experiences with language, since significaptiml@ecess can
significantly impact one’s ability to keep up with the quick pace of normal conwersati

The majority of studies exploring word retrieval using picture naming tasks
older adults provide results that support the reduced lexical access thenoy Alal.,
2005; Nicholas et al., 1985; Ramsay et al., 1999). Authors of these studies conclude that
access to lexical or phonological encoding is reduced, or in some cases, that the
representations themselves are not intact. However, the nature of the erperim
themselves may create a bias toward these conclusions and away framsiooscl
pointing to a general slowing theory. Picture naming tasks, for exampbepanate
visual processing, semantic selection, and potentially the applicatiomaingtéacal
rules, phonological encoding, and motor planning. Given the many processes involved in
this task, it is impossible to determine the level at which breakdown occurs; beec
cannot distinguish between impaired lexical access and general cognitivegslowi
Because all word production tasks necessarily require phonological output, a mare dire
method of investigating lexical access is through lexical decision tasks.

Lexical decision studies

An early study of aging and lexical access utilized lexical decisiorichw
participants were asked to push a button to indicate lexicality of frequent, inftegnd
pseudo-words (Bowles & Poon, 1981). Stimuli included 60 high-frequency English
nouns, 60 low-frequency English nouns, and 60 orthographically legal pseudowords. To
control for sensorimotor skills, a button press task that measured choice reawion t

without lexical decision was administered as well. Although resultsedikical decision
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task indicated significantly slower responses in older individuals, choicéoretioies
were also significantly slower, so researchers concluded that aging dideabt fadf

speed of lexical access. Instead, they attributed the slowing to sensodefatis that
increase with age and to more frequent words being recognized more quicklyrby olde
adults than by younger individuals.

Subsequent studies found similar results, but did attribute slower reactions to
degraded word retrieval skills in older adults. Moberg et al. (2000) usectalldgcision
task with 23 college-age adults (mean age of 20.61 years with range of 18-3@&gdars
31 older adults (mean age of 66.90 years with range of 60-75 years). BNT storusi
(nouns) were used, along with orthographically valid pseudo-words. Individuals with
significant error rates (more than 10%) were not included in the stdtestalysis of
latency data. Again, the older group demonstrated slower latency cahtipde
younger group.

Additional studies have yielded similar conclusions while also demonstrating that
older adults process lexical items in different ways than younger individadés.ahd
Jarema (2007) published a behavioral study in which 11 cognitively intact older adults
(mean age 75 years) and 10 younger adults (mean age 27 years) perforread a lex
decision task on mass nouns, count nouns, dual nouns (which can be used as either mass
or count nouns, e.damb), and matched pseudo-words. Participants were to respond to
real words; no response was required for a pseudo-word. The study found that older
adults demonstrated slower response times overall and produced more erre@gsespons
than their younger counterparts. In addition, older adults recognized dual nouns more

quickly than count nouns, a pattern that was not observed in younger individuals. Results

11



of the study indicate that age may increase lexical access time,dthatlslder adults
may organize and/or access the lexicon differently than younger adultsdlby, Fi
latency of response time when faced with singular nouns was less than when plural nouns
were presented for all participants (both young and old), indicating that wamtEning
more than one morpheme take longer to recognize. Differences in how quickly and
accurately older and younger adults recognize various types of words matopoint
altered lexical system in older adults. Specific differences in progegsie support to a
theory of impaired (or perhaps altered) access to lexical or phonological Maasures
of lexical access reaction time, however, are vulnerable to confounding verebleith
any behavioral task, such as motor coordination and speed (for button presgingr rea
ability.

The majority of lexical decision studies investigating the effectsiaofjagmploy
nouns as stimuli. However, the work of Kavé and Levy (2005) used verbs in a lexical
decision task to study the effects of aging on linguistic processing in Hepeakers.
Forty-eight young adults (mean age 23.04 years) and 48 older adults (mean age 74.48
years) were asked to press a button to indicate lexical decision when mresémtsther
real verbs or pseudoverbs. Researchers found that the older adults respondealvtyore sl
than the younger group. The authors suggest this may be explained by tlaé gener
slowing theory, or by the theory that older adults have reduced inhibitory control and
therefore spend more time rejecting irrelevant information.

To summarize findings on word retrieval in aging, picture naming studies have
found less accurate naming and lexical decision studies have found slower respense ti

with age. However, given that multiple linguistic, cognitive and motoric opasaare
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involved in picture naming and lexical decision, the reason why word retrgeval i

impaired is unclear. Is it due to specific difficulty with lexical@egx or a more global
reduction in processing speed? An automatic measure that does not depend on overt
responses from the participant is likely to be informative in teasing leparal access

vs. global slowing. Through temporally sensitive neuroimaging methods sucérds e
related potential (ERP) and MEG, we can gather information about word retrieval
without relying on verbal or motor responses. A number of studies have been conducted
using neuroimaging techniques that examine lexical access in young(adlés
Rykhlevskaia, Schnyder, Clark-Cotton, Spiro, Hyun, Kim, Goral, & Albert, 2010;
Papanicolaou, Pazo-Alvarez, Castillo, Billingsley-Marshall, Bremars, Buchannan,
McManis, Clear, & Passaro, 2006; Persson, Sylvester, Nelson, Welsh, Jonidege& Re
Lorenz, 2004; Reuter-Lorenz, 2002). As in the case of behavioral studies, the nodjority
studies to date have focused on nouns, with little work having been done on verbs. Prior
to describing findings of lexical access using neuroimaging, neural chartbesying

will be overviewed.

Neural changeswith aging
Structural changes

Through the course of normal aging, the brain undergoes a variety of well-
documented changes, some of which can logically be linked to language prpeessi
overall processing speed. General physical changes affecting théavai been
observed through neuroimaging studies. Kemper (1993) reported that agitsjires
decreased brain weight, ventricular dilation, and loss of myelin. Areas of the bra

specific to language have been shown to go through changes that mirror those of the
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brain as a whole. In their review of neural changes in aging, Nicholas, Connar,addle
Albert (1998) concluded that areas of cortical atrophy include the patakggrt and
adjacent frontal and parietal lobes. In addition, loss of dendrites related tosdmgeha
demonstrated in the posterior superior temporal gyrus, primarily in the lefsiesne
(Anderson & Rutledge, 1996).

More recent research shows that all areas of the brain do not undergo equivalent
changes during aging. Grey matter density (GMD) can be measured WRirggémhs in
combination with 3-D modeling and mathematical algorithms comparing the amount of
grey matter to total brain volume, and it represents a key area of change imghe ag
brain. A study of 465 normal adults (ages 17-79 years) using MRI and voxel-based-
morphometry to examine grey matter, white matter, and cerebrospinal fluidezolum
changes found that overall, GMD decreased linearly over the lifespan whiemétiter
density did not change (Good et al., 2001). Examining the results more closely reveals
that specific areas of the brain (angular gyri, pre- and post-centraingula, and
anterior cingulate cortex) lost grey matter density more quickly thertwhile
different areas (amygdala, hippocampi, entorhina corticies, and lateral ijhatamed
grey matter density longer.

Area-specific differences have also been found in the left temporal lobegan are
identified as central to language processing. For example, Sowell, Petdrsomsbn,
Welcome, Henkenius, and Toga (2003) performed an MRI study of 176 participants, ages
7-87 years, to investigate changes in GMD with aging. Overall, they found that GM
decreases over the lifespan; however, this trend is different in the left potterporal

region of the brain. Here, it was seen to increase until age 30 before it begdimtn dec
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At the same time, researchers measured the amount of white matter inrtrendrai
discovered that white matter increases on average until age 40, sugdrest@ID
decline prior to age 40 may be due to increased myelination and more efficient
processing, while after age 40 myelin levels decrease and neural prgdessimes less
efficient. Researchers hypothesized that the decrease in GMD in thegamggens of
the brain beginning at age 30 reflects late maturation of that area in the foatedf “|
myelination.

Sowell et al. (2003) were careful to note that white matter in areas of the brain
that are more anterior and used for language production and word retrieval (such as
Broca's area) peak and decline earlier than other language-relate deaezes
responsible for language comprehension) located in the posterior temporal Igbe. Thi
finding may help explain why word finding difficulties are routinely observed as
individuals age, with no (or very few) concurrent comprehension difficulties.

Decreases in cortical thickness have been observed in recent studies. As in other
investigations, researchers have found that the cortex undergoes differensghange
different regions. A longitudinal study of 66 individuals, initially ages 6Q«8&s, used
MRI data to reconstruct an image of cortical surfaces and identify chamgean
average of 8 years (Thambisetty, Wan, Carass, An, Prince, & Resnick, 20 E3rdRess
found that, over time, cortical surface thickness decreased significantlynrtbeeleft
hemisphere than in the right. In addition, the frontal and parietal lobes were shown to
decline in thickness more quickly than temporal and occipital lobes, providing further
support to the idea raised by Sowell et al. (2003) that more posterior regited tela

language comprehension (such as the posterior superior temporal gyrussaregat
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and retain normal function longer than more anterior portions important for languag
production (such as Broca’s area).

Overall, it seems that language-specific regions of the brain mature amedecl
more slowly than other regions, with anterior perisylvian regions preservingea mor
robust structure longer. These findings provide physical evidence that caxlaip e
why older adults often have difficulty with word finding tasks, but typically retaact
comprehension skills. However, we do not yet know at what level language pngcessi
breaks down and results in these production difficulties.

Functional changes

An earlier section of this paper showed that linguistic performancesigexdfby
aging, and significant research has been devoted to identifying the spewtional
changes that result from neurological changes. It is a logical assurtipdt decreases in
grey matter density and cortical thickness in aging brains may lead to diglalitees,
and research into this topic supports the idea. For example, when performing memory
and matching tasks, older adults demonstrate performance differences thaliceedoe
to altered neurological functioning. Specifically, older individuals show isegeactivity
in the prefrontal cortex and right hemisphere when performing verbal working memory
tasks (Reuter-Lorenz, 2002).

A recent study by Obler et al. (2010) compared naming performance to structur
characteristics in older adults. Twenty-four participants, ages 56-79, ygse given
both the Boston Naming Test (BNT) and the Action Naming Test (ANT), and
subsequently underwent MRI scanning, DTl imaging, or both. Correlations were found

between performance on the ANT and grey matter volume in the left mi@ifgymus,
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right angular gyrus, and right middle temporal gyrus. BNT response timeagasively
correlated with grey matter volume of the left mid-frontal gyrus ariglahum
temporale. White matter density was correlated with increased spe@d@uracy for
both the BNT and ANT. These results establish a clearer link between pant@@and
structural changes. More importantly, increased right hemisphere astastypoted in
older participants, indicating that older adults utilize more areas of the biaixigal
retrieval tasks than younger adults. These findings provide evidence for reatiganit
the lexical system with aging. Lexical items may be represented diffusely
throughout the brain in older adults, and not strictly confined to perisylvian lamguag
areas as is classically noted in younger adults. It is therefore liialpmnline MEG
imaging of older adults will reveal increased activity in the right hemrspdued frontal
areas of the brain associated with lexical tasks.

Investigations using non-linguistic stimuli yield similar resultsa functional
magnetic resonance imaging (fMRI) study investigating differeimcdgit-symbol
processing in aging, a group of 19 younger adults (18-31 years) performed monrg quickl
and accurately than a group of 19 older adults (50-69 years) (Motes, BiswaingaR
2011). Data indicated that the prefrontal cortex was a key area of change isipgpces
efficiency, with younger participants showing reduced activity whey pleeformed
better, while older adults demonstrated increased prefrontal actiatycasacy
increased. It is clear that older individuals recruit more parts of theisin order to be
more successful processors. Such evidence supports the idea that older adults engage in

cognitive tasks in a way that is fundamentally different from younger adults.
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Neuroimaging of L exical Access

As neuroimaging techniques have become more widely available, they have been
increasingly utilized to study lexical access. While it is imgmego eliminate all
extraneous skills and processes from a behavioral task (motor planning, visual
processing, etc.), neuroimaging allows researchers to better skilEeertaining
directly to lexical access. Neuroimaging techniques, such as fMRI,reigieeto neural
regions associated with lexical processing, while other techniques ské&tPaand MEG
are sensitive to the time course of lexical activity. MEG measures mafjekels
generated by electricity conduction through neurons. Temporal resolutioi s hig
demonstrating a timeline similar to that of EEG and ERP, but with the advantadgeeof be
spatial resolution.

A meta-analysis of spatial and temporal findings of neuroimaging studies of
picture naming by Indefrey & Levelt (2004) revealed that it takes about 175mTisviate
the concept related to a picture, and that a target lexical item is daletite medial left
middle temporal gyrus within 150-225ms after picture presentation. Between 200-400ms,
activation spreads to superior parts of the posterior temporal lobe to rétieeve
phonological code of the target picture name. Further phonological and phonetic
planning occurs in the 400-600ms time window in the left inferior frontal gyrus. This is
shown in Figure 1 (from Indefrey & Levelt, 2004). Given that phonological information
is accessed in the 200-400ms time window in the left superior temporal gyrug (8$G
neural activity may be a likely candidate for aging effects, assumatgie phonological

code is less accessible in the elderly. This idea will be revisitditathis section.
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Figure 1.Spatiotemporal map of word processing during picture naming activities

(Indefrey & Levelt, 2004).

Studies of lexical access using MEG, especially by Pylkkanen aedgoés,
have also identified the 300-400ms time window as being sensitive to lexicad acces
(Pylkkédnen & Marantz, 2003; Pylkkanen, Stringfellow & Marantz, 2002).When words
are visually presented during MEG recording, three prominent peaks aiéadeat
shown in Figure 2. The first, M170, seen at approximately 170ms after word onset and
located bilaterally in the occipital lobe, is thought to reflect visual psig®f written
words because it is observed specifically for letter strings rathestmabols (Pylkkanen
& Marantz, 2003; Stockall, Stringfellow & Marantz, 2004). The next peak, M250,

reflects activity in the left temporal lobe and may indicate pre-lepicalessing, but is
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inconsistently observed across participants (Pylkkédnen & Marantz, 2003)nahpdak,
M350, is also located in the left hemisphere. It is assumed to indicate actiessnaintal
lexicon and to represent true lexical access because it is sensitive &b peaperties

such as word frequency, phonological neighborhood density, and repetition (Embick,
Hackl, Schaeffer, Kelepir, & Marantz, 2001; Pylkkdnen & Marantz, 2003; Solomyak &
Marantz, 2009). Further, a study by Pylkkanen, Stringfellow & Marantz (2002atedic
that M350 is sensitive to early automatic lexical access and not to lexiopkttion.
Researchers use amplitude of peaks, latency of peaks, total energy witlegn ainge
period, or localization of activity as dependent variables to evaluatellegmsss,
although it should be noted that there is some debate in the literature over the exact
timing of individual peaks.

As previously mentioned, both lexical and phonological access are frequently
found to be impaired with aging while semantic access is found to be relatitzesty
Because the M350 has been shown to be sensitive to lexical and phonological variables,
but not semantic ones, it is likely that age-related changes will beteeflen M350.
Hence, in an attempt to investigate lexical access changes that odcagivg the

present study examines age effects on M350.
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Figure 2.Peaks of activity in lexical access of visual wof8tockall, Stringfellow &

Marantz, 2004)

Neuroimaging studies of factors affecting lexical access

Previous studies have revealed that aging hasdisant effect on speed «
lexical access, and that older adults demonstifiszeht neurological patterns th
younger individuals when performing the same lexiasks. It has also been establis
that, in addition to aging, lexical access is a#ddoy morphological complex
(Pylkk&dnen& Marantz, 2003; Solomyak & Marantz, 20..

A comprehensive study by Papanicolaou et al. (20@®)yporated five simil;,
but slightly differenttasksusing MEG to identify neurological language map
individuals of varying ages. Three experimentaksaavolvedauditoryword

recognition Comparisons of these three studies reveale, although both thmiddle
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temporal gyrus (MTG) and perisylvian regions were activated in older angegoadults
following presentation of auditory language in the form of single words, lageotie
activation of these regions in the right hemisphere were reduced as ageedchdaG
activity was lateralized to the left, with no age-related differencatandlization.
Furthermore, older adults demonstrated less total activation as well agasgen

latency of activation of the superior temporal gyrus in response to auditoratgngu
when compared to younger adults. No age effects could be determined in tasks that
involved visual presentation of stimuli (including a visual word recognition task and a
non-word reading task), because all participants in both experiments wererchil
Indeed, the intent of the Papanicolaou et al. study focused more on establishiagéang
processing profiles using MEG than on making between-group comparisons|aiget
comparisons were made between groups that did not demonstrate large age eklfferenc
and participated in slightly different experimental tasks and therefore,r@sgout by

the authors, such results should be interpreted with caution.

Studies reveal that different areas of the brain are activated when older and
younger adults perform the same lexical access tasks, and similangaftactivity may
yield different behavioral results depending on the age of the individual (Motes et al.,
2011; Obler et al. 2010; Reuter-Lorenz, 2002). For example, in verb generation tasks
using fMRI, faster-performing older adults showed decreased actiligy wompared to
slower-performing older adults, while faster-performing younger sagulbwed increased

brain activity when compared to slower-performing younger adults (Peessd., 2004).
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In addition to aging, other factors may affect the speed of lexical access.
Morphological complexity is one aspect that may logically affect decaaidg
subsequent retrieval of written words, since words containing bound morphemes contain
more linguistic units that must be analyzed by the brain. This may be elpieaafor
verbs; additional morphemes carry information regarding tense and person, eghich r
access of multiple aspects of the linguistic system. Research has shenendést in
lexical access related to morphological complexity as early asslOst-stimulus.

Zweig & Pylkkanen (2009) used a lexical decision task using nouns as stimubdoetis
that morphological complexity (based on the number of morphemes a word contains)
affects the amount of activation at M170 (amplitude) but has no effect on latency.

A study by Solomyak & Marantz (2010) used MEG to assess the differences in
lexical processing based on word stems in multi-morphemic words. Usinga lexic
decision task, they compared words containing free stems (@aglictable”), bound
stems (e.g.,tblerable”), and words with unique stems (which do not exist in other words,
e.g., ‘winerable”). They found that morphological affix frequency affected M170. Data
revealed that, for words that contain bound morphemes but do not exist in a stem-only
condition, latency of M170 is determined by frequency of the affix. Authors poihisto t
as evidence for morphological analysis at this level in addition to visual prog.el$si
should be noted that the Solomyak & Marantz study did not contain verbs, nor did it
contain a condition for a single free morpheme that can be used as a root (e’g., “kick
Thus, no conclusions can be drawn regarding the difference between nouns and verbs.
Because little is known about how the effect of morphology on lexical access telate

aging or how verbs might be affected in contrast to nouns, it is impossible to make cl
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predictions regarding how all three variables (morphological complexitygy,aand
verbs) might interact. Thus, the present study will not investigate these phrenome

This raises the question of how to best design a task that has the ability to evaluate
lexical and phonological access without engaging other linguistic levelsasuc
semantics. Research shows that lexical decision tasks are best suigddpthese
types of questions. In a study by Gold et al. (2007), 16 participants (mean age 24)
engaged in a visual lexical decision task in which diffusion tensor imaging wésouse
identify correlations between fractional anisotropy (FA, a measurbefifitegrity) in
white matter and behavioral response times. Researchers found thaefgstese times
were correlated with high fractional anisotropy in the left inferiontisband parietal
regions (areas surrounding the perisylvian language cortex). No links were found in
visual input or motor output regions. Because both real and pseudoword reaction times
were linked to the same areas of FA (in areas of the brain previously éstdlas
related to phonological processing of written words), researchers hypethésat
participants relied more on their phonological systems to determine lgxtbain
semantic knowledge.

Throughout the last several sections it has become clear that aging has a
significant effect on language, impacting lexical access speed, ampéndaiaccuracy.
As mentioned previously, phonological aspects of lexical access are dfigcging;
therefore, a comparison of older and younger adults using a lexical decision task

(sensitive to lexical representations) is likely to reveal importantreiftes.
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Neuroimaging studies of Nouns vs. Verbs

Most studies of lexical access have used nouns as stimuli. Nouns are important
content words, and most are more easily pictured than other word classes, so they lend
themselves well to tests of language. However, verbs are also importamt eoorigs
and investigations of verbs may reveal differences in how different words areggdce
PET studies of brain activation during lexical retrieval of verbs and nouns showsattrea
areas of activity during access of verbs when compared to access of noansdPal.,

1999; Warburton et al., 1996). A review of PET studies of noun and verb access found
that verb stimuli prompted a greater response in the left temporal, parietal, and
premotor/prefrontal regions when compared to nouns (Warburton et al., 1996). A study of
14 male adults (ages 22-26 years) in which a lexical decision task was uset RESli
images of noun and verb access also found that several areas of the brain were more
active when responding to verb stimuli than when responding to nouns (Perani et al.,
1999). Researchers hypothesize that this increased activation may be duatorci
semantic information automatically associated with verbs. Becausesedramounts of
linguistic information may be involved with the lexical retrieval of verlglisas
arguments, agents, and implied goal), it is important to examine verbs and nouns
separately.

Perhaps the most relevant evidence of important differences between nouns and
verbs comes from Xiang and Xiao (2009). This MEG study of lexical accesshagng
nouns and verbs allows for a direct comparison between the two word types. Researcher
identified four peaks of activity for both word types, the first three of which were

virtually identical with respect to latency, amplitude, and location. Howevemtingnf
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peak reflected increased activity in the left posterior temporal lobe inn&spo nouns
while, in response to verbs, the fourth peak reflected activity in the left infeyiaaf
region. The fourth peaks also differed in amplitude and latency, with the verb M4
occurring at 411ms and the noun M4 occurring at 430ms after stimulus onset. Results
seem to indicate that, at later processing stages, the brain utilizest dieechanisms to
access different grammatical categories. Given the existing widedbodsearch
pertaining to nouns, it is important to now expand the literature to more accurately

represent verbs as well.

Summary of Findings

It is clear that aging affects both language and the brain in many Wey/sging
brain undergoes a variety of structural changes, including a decrease magrery
density (Sowell et al., 2003), reduced brain weight (Kemper, 1993), and thinning of the
cortical surface (Thambisetty et al., 2010), and functional changes thapoordeto
different patterns of neural activation (Reuter-Lorenz, 2002; Obler et al., 201€s ktot
al., 2011). Linguistic abilities decline with aging, leading to diffigwéfining words,
reduced syntactic comprehension, and an increase in word finding difficulties ri®&twi
& Storandt, 1974; Davis & Ball, 1989; Obler et al., 1991; Burke et al., 1991). In addition,
older adults perform more slowly and less accurately on naming tasksgdoeti al.,
2003; Nicholas et al., 1985; Ramsay et al., 1999). Clearly, lexical accesxisdtiy
aging, but the cause of this difficulty remains elusive. Numerous authors stiggeke
most likely source is access to the phonological code or lexical represerd#igmtinan

semantic representations, but as mentioned earlier most of these studeegnatil
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production, hence incorporating motor planning for production into a task meant to target
access to phonological representations. Other researchers posit that ¢@nerglos

cognitive processing is likely cause for linguistic difficultiesadslts become slower at

all stages of linguistic tasks. Neuroimaging of lexical accessIsegisdinct temporo-

spatial patterns corresponding to lexical/phonological access (Pylkkéantamasatz,

2003; Stockall et al., 2004; Solomyak & Marantz, 2009; Papanicolaou et al., 2006) which
may indicate specific differences in lexical processing between oldgoander adults,

the M350 peak in particular. Few studies have examined changes in lexesd aaih

age, or with verbs, leaving significant questions as to the effects of agingaai le

access, and the unique aspects of verbs as stimuli. The present study seekseto expl
some of these unanswered questions.

Understanding of word retrieval in normal aging is important to allow
differentiation from degenerative conditions associated with aging suchvaayri
progressive aphasia (the first symptom of which is TOT), mild cognitiveiimpat and
semantic dementia. Gaining a clear understanding of the normal progressjorgaha
terms of linguistic processing can aid clinicians, families, and individuademtifying

abnormal patterns early so that remediation can begin as soon as possible.

Research Questions and Predictions

The primary aim of this study is to examine the effect of age on lexicasaof
verbs. The second aim is to examine the time course of lexical access i aelardgate
between two hypotheses of word retrieval in aging, the impaired lexicalsattw®ry and

the general slowing theory. In order to answer these research questionEGheni
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behavioral responses will be compared for linguistically unimpaired yourgQ(8ars)
and older (>60 years) participants for a lexical decision task using verbs.

The dependent measures/variables are 1) latency of M170 bilaterally (time
between presentation of word and maximum amplitude of M170 peaks, identified from

the magnetic field contour maps), 2) latency of M350 in the left hemisphere €3

illustrates M170 and M350 peaks), 3) overall magnetic energy in the 300-400ms region

in a) frontal channels and b) right hemisphere channels, and 4) RT (tiweehet

presentation of verb and button press).
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Figure 3 The left side of the image contains the RMS wave form showing amount

of dipole activation over time. M170 and M350 peaks are noted. At top right is an isofield

contour map showing areas of activation at M170 peak. At bottom right is an isofield
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contour map showing areas of activation at M350 peak. Dots on the contour maps

indicate placement of one electromagnetic coil.

Because it has been identified as a crucial component of lexical accessijmgxam
the M350 peak is key to determining how lexical access is affected by agentefi
hemisphere peak is used in traditional studies since language functiorisrateéal to
the left; however, because research on aging demonstrates increasgdradthie right
hemisphere when older adults perform linguistic tasks, data from the righnemre
during the 300-400ms time window are being included as well. Similarly, stunhes s
increased activity in the frontal regions of older individuals, and a measurement of
overall magnetic energy in the 300-400ms range over the frontal and right hemisphe
regions will be used to address this finding. Latency of M170 will be investigate
order to test two possible explanations of linguistic changes in aging, reducgdabil
access lexical representations and the general slowing hypothesis in which all
neurological processing becomes slower. The logic is that if only the M3&twied
older adults, then it will support a difficulty accessing lexical reprtasiens. If both
peaks (M170 and M350) are slower in older adults, the general slowing hypothesis will
be supported because the M170 is associated with (prelinguistic) orthographic
recognition of words.

The following predictions are made for the above dependent variables. V¢ expe
to see increased M350 latency in older individuals when compared to the younger group.
It is unclear whether or not M170 latency will be similarly increased, buethét will

help identify the cause of reduced linguistic performance in older adults.H#oth t
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impaired lexical access and global slowing hypothesis predict longacyain the M350

for older adults for different underlying reasons: a) the mechanisms (and tonsec
between them) that support lexical access (especially phonologicaeeiatons) have
been degraded (due to neurological atrophy and decreased myelination), and b) overall
cognitive slowing may result in increased latency in all MEG peaks (M170, M350).

For both right hemisphere and frontal channels, the average and maximum level
of activation in 100ms steps (from 0 to 400ms) will be calculated. Increased overall
activity is expected to be observed in both right hemisphere and frontal channels in older
versus younger participants, because similar results have been demobpséatausly
(Obler et al. 2010; Reuter-Lorenz, 2002). We expect increased activity in oldesrtadul
correspond with lexical access and therefore be most significant duri@gahes-400ms
period. Neither the general slowing theory nor the reduced lexical acqegbdsis will
be supported by findings of increased activity in the frontal or right hemispggons.

It is hypothesized that behavioral lexical decision RT will be delayed in older
when compared to young individuals, because past research indicates a variety of
changes that cause an overall slowing of linguistic processing as indévatjel
(including neurological changes (cell atrophy/loss), general cognitivergjpdecreased
performance on language measures, and reduced naming abilities (Bo&Bticrandt,
1974; Davis & Ball, 1989, Obler et al., 1991; Burke et al., 1991; Morrison et al., 2003)).

RT will not differentiate between the two hypotheses.

Experimental Design

This experiment employs a between-group design. The independent variable is
participant age (young vs. old). Dependent variables are behavioral response time
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latency and amplitude of M170 bilaterally, latency and amplitude of M350 in the left
hemisphere, and total energy during the 300-400ms window in both the right hemisphere

and frontal channels.

Methods

Data for this study were previously collected by the Aphasia Reseantér@é
the University of Maryland as part of a larger project on verb processing ant neura
plasticity in aphasia. It was analyzed post hoc for the purpose of exploring Wer st

the above-mentioned research questions.

Participants

Two groups of participants were recruited from the College Park, UMD and
neighboring communities. The young adult group consisted of 17 university st(dents
female, 6 male, mean age 20.6 years). The older adult group contained 9 individuals (7
female, 2 male, mean age 64.6 years). Participants were screened foanagdriess
based on the Edinburgh Handedness Inventory (Oldfield, 1971). Self-report was used to
verify that participants were English speakers with normal vision anchgeahio had no
history of speech-language disorders, neurological abnormalities, heagsinur
psychiatric conditions, and no metal implants or dental work that would be sensitive to
MEG. Data regarding additional languages spoken, years of education, andioncupat
were collected as well. Each participant provided informed consent prior tayaimder

the experiment and was paid for his or her participation.

Stimuli

The CELEX database (Baayen, Piepenbrock, & Gulikers, 18&@5)1sed to select
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verbs that had higher verb than noun usage (defined as a verb frequency that exceeded
noun frequency by at least 10/million in lemma frequency counts). The verbs were
chosen to be mid-frequency verbs, defined as words have lemma frequencies Bétwee
and 100 per million. Phonotactically legal pseudowords were created by substheing
letter of a verb stem, as in “zide” (from “ride”). Four categories of warele

constructed, each containing 50 items. The categories included: uninflediedezgr,

“ride”), inflected verbs (e.g., “riding”), pseudoinflected verbs (e.g., “rigestid
pseudowords (e.g., “zide”). For the purposes of this study, only the inflected vegbs wer
examined. This decision was made based on the available research from which
reasonable hypotheses could be formed, as well as to limit extraneous vaniabtks

to obtain as statistically sound results as possible. Inflected verbs corgadirgs s,-d,

and ing in roughly equal numbers (17, 17, 16) and could not be confused as noun
homophones. Word form frequency (per million) for the inflected verbs ranged from 5 to
13, with a mean of 7.16. Letter length for the inflected verbs ranged from 5 to 10, with a
mean of 7.76. One, two, and three syllable words were included. The complete list

stimuli is provided in the Appendix.

Procedure

The experiment consisted of a lexical decision task in which participantsdviewe
words on a screen and provided a two-button press response based on the lexicality of the
stimulus item with simultaneous MEG recording. Recording took place in a
magnetically-shielded room on the UMD campus. Before entering the MG et
electromagnetic coils were attached to the participant’s head, locatioinsch were

calculated according to three anatomical landmarks (two points jusioantetine ear
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canals, and the naison). Localization of these coils inside the MEG machinedattow
mapping of MEG measurements onto each participant’s individual head coordinate
system (see Figure 3 for map of coil placement). In addition, the parttsi head shape
was traced using an electronic stylus. This was also done to enable orientdi®hexdd
within the scanner.

In the MEG scanner, prior to the presentation of experimental stimuli, auditory
tones (1kHz) were presented to serve as a calibration method. This is a standard
procedure unrelated to the current experiment. However, these tones enaltbeeséar
identify the location of the auditory cortex via an MEG peak that reflects auditory
analysis (M100) through dipole source modeling.

For the experimental task, participants were instructed to read the pcegsemnts
and indicate as quickly and accurately as possible whether the item wawarceg@ly
pushing the left index finger) or a pseudoword (by pushing the left middle fingér). Le
hand responses were used because this was part of a larger study intended to examine
neural activity in aphasia and these participants often have right hemiplegianBes
using the non-dominant hand can lead to slower and more varied response times;
however, because the same procedure was used for all participants it wasdetkyzdc
results would be consistent with respect to one another and not interfere withdtg vali
of statistical analysis. Two hundred stimuli (50 for each condition) wererpegsen a
screen suspended over the participant as he/she lay in the scanner. Eachwamulus
displayed for 500ms, and there was an interstimulus interval of 3000ms prior to the next
stimulus. No feedback regarding accuracy was provided. The stimuli weeatae a

pseudo-randomized sequence ensuring that 1) no two verb roots were repeated (“ridin
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and “ride”) in consecutive trials 2) the same endings were not presented inutimese
trials, and 3) the same condition (inflected pseudoword, etc.) was not presented
consecutively for three trials, using Presentation software version 8.(of¢danvioral
Systems). Data was recorded using a 160-channel whole head neuromagnetomete
(Kanazawa Institute of Technology, Japan) with a sampling rate of 1kHz and ssndpa

filtered at 1 to 200Hz. The entire experiment took approximately 20 minutes.

DataAnalysis

Because this study is dependent on lexical access, participants with loacycc
suggesting they were having difficulty with the task, not familiar with tbedg; or not
engaging in lexical access for other reasons, were excluded from thésafdlgsdata of
three younger participants was removed for this reason (accuracy radés,dB0, and
44%). Because we could not be sure whether the MEG data from these participants
accurately reflected lexical access either, both behavioral and ME@asiexcluded
Behavioral data.

During the MEG task, reaction times (RT) to the lexical decision weoeded.
Incorrect responses and outliers (RTs that exceed 2.5 standard deviatiotigefrom
individual’s mean RT or were longer than 3000ms) were excluded from the analysis of
RTs.

MEG data.

First, the MEG data were pre-processed to remove unrelated extraneousanagnet
activity. The first step, called denoising or noise reduction, was performedtialdvi
using the algorithm developed by de Cheveigné & Simon (2007). This procedure also

enabled us to identify channels that were sources of excessive noise or wereedead du
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scanner malfunctions (which occasionally happens). Any noisy channels thusadenti
were excluded from further analysis. The next step involves sorting resj@asseson
stimulus type and identifying any individual responses that exceed +/- 2.0 pT in
amplitude, which were also excluded from the analysis. For each participanyetat
averaged according to stimulus type. Baseline correlation was then perfoomed f
100ms pre-stimulus. Low pass filtering was performed at 30Hz.

The resulting data were used to identify the M170 and M350 peaks for each
participant. The M170 bilateral peak was determined by selecting 46 posteisors
(the same for all participants) and identifying peak amplitude and correspdaueingy.
For nouns, the M350 was defined as a prominent peak in the 300-400ms time range that
has a source (P)-sink(N) pattern around the mid-temporal lobe as shown enZFigur
(Stockall et al., 2004). Because no precedent exists for identifying the M350 pieak dur
visual recognition of verbs (previous studies have used nouns), all sensors in the left
hemisphere were included during peak identification (rather than just temguosal's).
To ensure that compounding latency from slower neurological processing didpaat im
M350 latency measures, M170 latency was subtracted from the M350 peak latency and
inter-peak latencies were compared. Computation of MEG responses fo dexiess
over the entire left hemisphere has been used in other studies (e.g., Monahan, Fiorentino,
& Poeppel, 2008). After each peak was identified (manually), its latencys{iamal
amplitude (in femtoTesla-fT) was noted. Since this was manually computed,lal pea
were also independently identified by another trained scorer (Dr. Farah}-&in the
purposes of reliability. The M170s and M350s obtained by the two scorers were

compared for consistency. Any discrepancies were resolved by discussion arsusns
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Initial agreement for peak amplitudes and latencies was 82%. Once amplitude and
latency had been determined for each participant, Mann-Whitney U-testsseeréo
compare the data between young and elderly groups to determine the eféegtg of

In order to compute the magnetic energy over the frontal sensors (dyaté¢hal
frontal sensors were selected based on a sensor template used in 10-20 syg&m (Ja
1958) as illustrated in Figure 4. Average energy and peak energy during eachtibd®m
window (0-100, 100-200, 200-300, and 300-400) were noted in the MEG 160 program.

The same procedure was used to identify activity in the right hemispherd.as we

Isofield Contour Map
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Figure 4 Sensors included in analysis of frontal neural activity.

Finally, an exploratory post hoc analysis of male vs. female participasts w
conducted to identify any interaction between gender and aging. This anagsis w
performed based on research that shows male and female brains ard diffsrtntly
by aging, with grey matter volume decreasing more significantly imgagiales than in
aging females (Good et al., 2001). However, another study found that while females did
perform better on certain language measures, there was no interactioerbatyweand

gender (Snitz, Unverzagt, Chang, Bilt, Gao, Saxton, Hall, & Ganquli, 2009).
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Furthermore, it has been shown that males have more difficulty recognizing spoken
words as they age, while females do not (Dubno, Lees, Matthews, & Mills, 1997).
All statistical comparisons between two groups of participants were nsauga
Mann-Whitney U-test at two-tailed p=.05. Prior to statistical amalgsShapiro-Wilk test
was performed on all data to test for normal distribution. Although some dataesets ar
normally distributed, the majority is not and therefore must be examined using non-
parametric methods. For the sake of continuity, a Mann-Whitney U-tegiexi@asmed
on all data sets. When appropriate, T-tests were used in addition, the resulishodnehi

noted (see tables 1, 2, and 3).

Results

Behavioral Data
Accuracy.

Due to technical error, the accuracy and response time data for 4 of the young
participants was not available. In addition, one participant’s accuracy de¢a w
incomplete (data from the last block-25% of data) due to an error in recording; thgerefor
the accuracy for that individual was obtained for 35 items only. Since thezeb@er
stimulus items, accuracy is given out of a possible 50. The mean accurafdefor
participants (N=9) was 48.00 (SD=1.58) and was 45.33 (SD=4.89) for the younger
participants (N=10). Table 1 provides the data for behavioral measures. fehendié
approached but did not attain statistical significance (Mann-Whitney U=2910635;
p=.172). These results approach significance, but in an unexpected direction, with the

younger adults performing less accurately than the older adults.

37



Response time.

Behavioral response times (RT) were recorded for all participants. @ae Rl

for older adults was 1241ms (SD = 442.32) and 964ms (SD = 426.11) for younger

participants. The younger group was significantly faster than the older @viaunm-

Whitney U=39368.00, z = -12.99, p <.001).

Group Mean (SD)

P value (Mann-

T-Test P value

Whitney U)
Measure Young Older
Behavioral Accuracy| 45.33 (4.89) 48.00 (1.58) 172 (29.00) N/A
(max=50) N=10 N=9
Behavioral RT (ms) | 964.20 (426.11)1241.15 <.001 (39368.00)] N/A
N=10 (443.20)
N=9
M170 Latency (ms) | 138.77 (11.18)| 141.50 (17.06) | .593 (34.00) .385
N=10 N=8
M170 Amplitude 85.19 (38.07) 107.15 (46.91) | .424 (31.00) 445
(fT) N=10 N=8
M350 Latency (ms) | 333.23 (27.42)| 333.75 (17.84) | .099 (21.50) N/A
N=10 N=8
M350 Amplitude 64.30 (17.63) |65.78 (18.31) | .594 (34.00) .580

(fT)

N=10

N=8

Table 1 Behavioral and MEG peak data.

MEG data.

For peak analysis, the MEG data for 1 older individual demonstrated unusual

neurological activity and contained ambiguous M170 and M350 peaks (no change over
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time in neuromagnetic pattern was observed, which could have been due to head
positioning in the scanner or cortical topography since MEG only detects source-sink tha
is perpendicular to the surface of the skull), and were therefore excluded friom pea
analysis. Data from this participant were included in analysis of totajyemethe right
hemisphere and frontal lobe, since such analysis does not rely on information provided by
peaks: Table 1 describes the MEG data and significance.

M170.

The mean M170 latency for older participants (N=8) was 148.2ms (SD=25.72)
and was 143.29ms (SD=28.33) for the younger participants (N=13). There was no
significant difference between groups for latency (Mann-Whitney U=34-0(534,
p=.593). The mean M170 amplitude for the older adult group was 104.69 fT (SD =
44.49) and was 89.60 fT (SD= 34.38) for the younger adult group. There was no
significant difference between groups for amplitude (Mann-Whitney U=3%0,800, p
= .424).

M350.

The mean M350 latency for older participants (N = 8) was 327.25ms (SD =
10.85) and 338.13ms (SD = 32.73) for younger participants (n = 13). There was no
significant difference between groups for latency (Mann-Whitney U=2%.501.651, p
=.099). The mean M350 amplitude for the older adult group was 79.13 fT (SD = 38.36)
and was 74.80 fT (SD = 27.25) for the younger group. There was no significant

difference between the groups for latency (Mann-Whitney U=34.0, z = -.533, p = .594).

! statistical analysis of right hemisphere and frontal sensor energy was also performed with the data from
participants with ambiguous peaks removed, without significant change in the results.
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Right Hemisphere.

Total energy and maximum energy in the right hemisphere of each particigant wa
calculated for time windows 0-100ms, 100-200ms, 200-300ms, and 300-400ms. For both
right hemisphere and frontal lobe analyses, all participants were incltighe hot
deemed necessary to exclude those for whom M170 or M350 peaks could not be reliably
identified because total energy (not peaks) were being examined in afeadiEin
besides the left hemisphere. A comparison between the amount of activity in the right

hemispheres of younger and older participants during the 300-400ms window, which

correlates with lexical access, revealed no significant differefiabke 2 contains a full

description of MEG data and significance.

Right Hemisphere Group Mean (SD) P value (Mapi-Test P
Whitney U) value

Time Period Young N=1Y7 Older N=9

0-100ms Average 51.09 (10.79 57.15 (15.74 .208 (43.00 221
0-100ms Maximum | 121.01 (39.15) 130.79 (43.49) .413 (50.00 440
100-200ms Average | 86.20 (23.00)  103.74 (32.74)  .147 (40.00) 133
100-200ms Maximum 210.93 (66.71)| 244.30 (110.12) .313 (47.00) .288
200-300ms Average | 66.95 (21.86] 68.82(26.48)  >.999 (63.00)  .899
200-300ms Maximum 157.12 (56.24)| 159.24 (75.91 >.999 (63.00 .7166
300-400ms Average | 51.03 (16.55] 48.49 (16.51)  .614 (55.00) N/A
300-400ms Maximun 109.15 (39.15)| 113.81 (41.50) .450 (51.00) N/A

Table 2 MEG data for right hemisphere neuroenergy and Mann-Whitney U results.
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Frontal sensors.

Total energy and maximum energy in the frontal lobe of each participant was

calculated for time windows 0-100ms, 100-200ms, 200-300ms, and 300-400ms. A

comparison between the amount of activity in the frontal sensors in younger and older

participants during the 300-400ms window, which correlates with lexical aceesaled

no significant differences. Table 3 contains a full description of MEG data and

significance.
Frontal Sensors Group Mean (SD) P value (Manf-Test P
Whitney U) value
Time Period Young N=1Y7 Older N+9
0-100ms Average 40.26 (8.50) 47.61 (19.69 .659 (56.00 N/A
0-100ms Maximum 88.84 (70.07) 91.72 (42.37 .705 (57.00 N/A
100-200ms Average 61.84 (17.65 69.93 (28.66)) .705 (57.00 N/A
100-200ms Maximum 125.43 (42.10)| 147.21 (65.43 .659 (56.00) N/A
200-300ms Average 60.11 (25.46 71.52 (39.00) .801 (59.00 N/A
200-300ms Maximum 132.61 (61.66)| 126.60 (57.59 .659 (56.00) N/A
300-400ms Average 51.69 (13.30 45.15 (15.98) .257 (45.00 .316
300-400ms Maximunp 117.16 (45.91)| 104.58 (33.52 .659 (56.00) N/A

Table 3 MEG data for frontal channels neuroenergy and Mann-Whitney U results.

Gender.

Data were also analyzed according to gender, in order to explore therdiéfsr

between the effects of aging on lexical access of males vs. femalegnNicant
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interaction of gender was found; however, this analysis was limited by ttiensimder

of male participants.

Discussion

This study is the first, to our knowledge, to explore age effects in lexicata
using MEG. The primary aim of this study was to examine the effect of agaioall
access of verbs. Based on prior research on lexical access, it wasedrdditolder
adults would demonstrate increased latencies (reflected both in behavioral e¢spens
and M350) when presented with visual word stimuli than younger adults. The study
found that, while behavioral RTs for lexical decision were significantlyeidor older
adults, there were no significant differences in MEG responses between youndeand ol
groups. The second aim of this study was to examine the time course of |lecésa izc
order to delineate between two hypotheses of word retrieval in aging, the impaicadl |
access theory and the general slowing theory. We anticipated the possilalffgrences
in M170 latencies, which could be used as evidence supporting either the genera slowi
hypothesis (if increased M170 latency was observed in the older group) or the idea tha
older adults have reduced access to lexical representations (if no M170 diSexemee
seen). The data showed no significant differences in M170 latencies. In addéion, w
expected to see between-group differences in total activation of the right hemiaptie
frontal cortex based on prior neuroimaging findings that showed alteredizatgva and
frontal activity in older adults. This prediction was not supported by the reBods.

implications of these findings are discussed in the following sections.
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Behavioral RT.

The only significant finding in our study was that older adults had a significantly
slower behavioral response time than younger adults. This was expected, and is
consistent with other findings that older adults are slower at lexicaidedasks with
nouns (Bowles & Poon, 1981; Moberg, Ferraro, & Petros, 2000; Taler & Jarema, 2007)
and verbs (Kavé & Levy, 2005), as well as picture naming tasks (Moberg2QG0;

Morrison et al., 2003; Nicholas et al., 1985; Ramsay et al, 1999). The slower RT could be
due to a number of factors, including orthographic processing, aspects of legesd a

not identified by MEG, or slowed motor response time. It could also be that oldex adult
are simply more likely to reflect on the accuracy of their decision befossipgethe

button than younger individuals are. Deliberate decision making might be the best
explanation for the slowed response time, since the simple decision task showed quite a
significant delay with aging (almost 280ms) while demonstrating intaicialex

processing.

Accuracy.

Accuracy data showed no significant difference between younger and older
participants. This is not entirely unexpected, and is consistent with priarclse
single-word responses (Moberg et al., 2000). Although some studies do demonstrate
reduced accuracy with aging, older adults are typically able to respond lycatdetst

90% of the time (Ramsay et al, 1999).

MEG responses.
As mentioned earlier, we found no significant differences in amplitude or latency

for either the M170 or M350 peaks, or in amount of activity in the right hemisphere or
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frontal region of the brain when comparing the older and younger groups. This is contrary
to what is predicted by many other studies; however, most previous researchzgab uti
different methods than we have employed and may logically yield diffexeunits. The
various explanations for lack of group differences are discussed here.
The work of Bowles & Poon (1981) may be most similar to ours, in that they
utilized lexical decision of verbs, and our results are consistent with canrditbiey
drew, namely that decreased performance with aging is due to sensorimotts defrel
than impaired lexical access. In addition to a lexical access task ttlusinscorporated
a button press reaction time task which did not involve lexical access. Even when
removing the variable of lexical access, older adults performed signi§icaore slowly.
Although our study did not have a similar control task, our results (apparently ur@chpai
lexical access with significantly increased response time) are tsnisisth theirs and
would support the idea that sensorimotor function is impaired in aging rather tlzah lex
access. Alternatively, it could be argued that lexical decision tasks dajnotraccess
to phonological encoding, which is typically more impaired in older adults than semanti
access (Burke & Shafto, 2004). Older adults’ experience of TOT may be ilnseb/c
related to phonological access and motor output than to access of lexical repoesenta
The present study used a lexical decision task, which relied on an individual’s
ability to recognize a written word. Many previous studies used picture narakyy ta
which challenge the participant to think of and produce a word expressively, rather than
recognize it receptively. This may be a more difficult task, and indeed, TOiDiplaaa
are documented both by research and anecdotally (Burke et al., 1991), indicating that

word finding becomes more difficult with age. Furthermore, much of the evidence
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supporting decreasing language abilities in older adults illustrates dyffpeitforming
complex language tasks such as discourse production (Kynette & Kemper, 1986) or
comprehension of complex syntax (Davis & Ball, 1989; Obler et al., 1991). |rp&estt
studies have shown that while older adults do have difficulty completing word/aétrie
tasks, they do not show similar difficulties in word recognition tasks (BurkeKdMad&
James, 1999).

It is likely that receptive language skills remain fairly intacinasviduals age,
and that older adults are able to perform simple tasks such as single-wagrtreco
without difficulty. However, when demands on the system increase, as with
comprehension of complex syntax, the slight reduction in linguistic ability bescamore
significant and older adults are unable to perform as well. This would suggest tha
representations themselves remain intact; however, rapid connections betwegen the
which are required for speech production, are weakened, most likely due to
demyelination.

Because we did not find a significant difference in lexical accesseatralagical
level, this study does not provide sufficient evidence to differentiatecletihe general
slowing theory (Myerson et al., 1992) and the impaired lexical access hsistBerke
& Shafto, 2004). It is also not clear if other theories such as the reduced inhibition theor
(Sommers, 1996), or the diminished-resource hypothesis (Craik & Byrd, 1982) can
account for the lack of MEG differences.

The most conservative interpretation of the results is that slower RT output
observed in older adults is caused not by reduced speed of lexical access, but in a late

stage of language processing. A breakdown may occur in the transport of lexical
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information to the motor planning areas, or in the motor execution itself, or inrsglect

the appropriate response (finger to press). This idea is supported by the work of.Burke

Shafto (2004), who demonstrated that phonological access (which occurs after thee lexem

is accessed) is generally more severely impaired in older adults thantseaccess.
Although the difference was not statistically significant, we found that the

younger group was less accurate to distinguish between real words and dende

was somewhat unexpected based on previous research, which points to equal or poorer

language skills in older adults in virtually all measures (Botwinick & Sitral 974,

Burke et al., 1991; Davis & Ball, 1989; Kynette & Kemper, 1986; Nicholas et al, 1985;

Ramsay et al., 1999; Obler et al., 1991). However, many of these studies used more

complex tasks which put a greater strain on the language system than the pregent stud

Specific aspects of the current task may have taken advantage of refaiigehs in

older adults. For example, a meta-analysis of aging and vocabulary skillecstieat/

overall older adults have better vocabularies than younger adults (Verhaeghen, 2003),

which is a benefit in a word recognition task. Because our study used fairly common

words, there may have been a long-term “priming” effect in which the older adrks

able to rely on years of increased exposure to the written stimuli, whyeuinger

adults had fewer experiences with the words and therefore did not recognizesthem a

automatically. Morrison et al. (2003) found that word frequency had a much more

significant effect on the accuracy and latency of older adults than youngesr éulirhg a

naming task, while Newman & German (2005) found that familiarity of the woreglay

an important role in the performance of older adults. Almor et al. (2005) foundrsimil

frequency effects with respect to reading verbs. This may point to marnemffi
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organization of the mental lexicon with age, with frequently encountered words being
more easily accessible than words that are less likely to be used. Grigatencies may
be found in an experiment similar to ours utilizing a wider range of frequentsnd le
frequent verbs. In addition, the younger adults may simply have been moreeilistrac
during the task.

To conclude, the present study found strong evidence for slower lexical decision
response times in older adults compared to young adults. However, no significant
differences in MEG responses were noted. This could either mean that theoe are
differences in input until the word recognition stage, or that the MEG measures used in
this study were not sensitive to the neural changes that occur with aging.

Directionsfor futureresearch

More research needs to be done in order to provide further insight into how aging
affects the lexical access of verbs. The present study inherentlyneshtéanumber of
limitations. Significant amounts of information were lost due to technical ancbfow
accuracy rates of younger participants. This may indicate that the yqargeipants
would benefit from either more precise instructions, or reminders throughoaskhe t
regarding which button to press. In addition, imposing more phonological control over
the stimulus items would have allowed for comparisons between phonologicalesriabl
This could have provided some insight into the role of phonological processing/decoding
on lexical access.

Future studies could include picture naming or even more complex tasks such as
narrative generation as well as MEG data in order to compare MEG resptinse w

naming or other language abilities. This would enable researchers to eorrelat
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neurological patterns more closely with real-world language performbinaddition, in

a future study it would be beneficial to include a button press control task to account for
differences in motor response. Most importantly, because our data seem tthempihe
language processing changes that occur with aging affect a lgetiséa lexical access,
research into the phonological encoding process should be done. Comparing the
phonological encoding or retrieval skills of older and younger adults could reveal
important differences that may lead to a better understanding of how agicis aff
language processing, and possibly one day to more effective treatmgatretated

decline.
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Appendix

Stimulus Lemma frequency (per Word form frequency (per L etter
million) million) length
admits 97

admitting 97
arranging 88
claimed 100

climbed 92
combining 66
cooked 72
counts 63
denying 65
dividing 64
emerges 80
employed 62
employing 62
employs 62
gathered 76
ignores 70
improved 94
insisted 78
insists 78
intends 79
inviting 65
lifted 88
lifts 88
locked 62
locking 62
maintains 95
nodding 79

obtaining 67
performed 78

poured 79
prefers 82
prevents 93

proposing 63
protecting 86
reflecting 78

reflects 78

repeated 66
replacing 75
revealing 79
reveals 79
settled 80

o
O o
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shouted 84 7 7
stretched 67 9 9
succeeding 66 6 10
succeeds 66 5 8
survived 89 8 8
survives 89 7 8
threatens 63 6 9
treated 98 7 7
treating 98 10 8
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