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Abstract
This study assesses the dissociability of phono&g@ind lexical-semantic short-term
memory (STM) in two aphasic patients, BN and TM{] axplores the relationship between
their STM deficits and their word production impagnt. Picture naming performance
suggests phonological language production impaitnmeBN and lexical-semantic language
production impairment in TM. On STM tasks, BN pre®el phonological STM impairment
with preserved lexical-semantic STM, while TM pretsel the reverse profile. These results
reveal a double dissociation between phonologiedllexical-semantic STM capacities, and
suggest that our patients’ STM impairment may becteely related to their language

production deficits.

Keywords: aphasia, verbal short-term memory, phonologidairtsterm memory, lexical-

semantic short-term memory, word production impainn
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Over the past few decades, a growing literatuseshawn that aphasia is frequently
accompanied by verbal short-term memory (STM) dsfi@.g., Attout, Van der Kaa, George,
& Majerus, 2012; Knott, Patterson, & Hodges, 198000; Majerus, 2009; 2013; N. Martin &
Reilly, 2012; N. Martin & Saffran, 1992; N. Marti8affran, & Dell, 1996; R. Martin, Lesch,
& Bartha, 1999; Murray, 2012). However, the natofréhese deficits and their relation to
language impairment are still debated.

Research has demonstrated that short-term stofagebal information strongly
interacts with phonological and lexical-semantitgaage representations stored in long-term
memory (LTM). For instance, experimental studiesealthy adults and children have
shown that the availability of rich and easily a&sible language representations enhances
immediate serial recall (ISR) of lists of verbants, with recall span higher for high-
frequency words than for low-frequency words (wivedjuency effect), for high-imageability
words than for low-imageability words (imageabiléifect), for words than for nonwords
(lexicality effect), and for high phonotactic freency nonwords than for low phonotactic
frequency nonwords (e.g., Gathercole, Frankistke?ing, & Peaker, 1999; Majerus &
D’Argembeau, 2011; Majerus & Van der Linden, 200@jerus, Van der Linden, Poncelet,
& Metz-Lutz, 2004).

Neuropsychological data provide further evidentcstmng interactions between long-
term representations and STM, and suggest thatgatoaepresentations or processes
involved in language, either lexical-semantic oompdlogical, has a negative impact on STM.
For instance, Reilly et al. (2012) found that patsewith progressive non-fluent aphasia, a
deficit affecting phonological representations,\std less sensitivity to phonological
variables such as phoneme length on a recall &sklarly, patients with lexical-semantic
representation impairment, as in aphasia or semdaientia, showed less sensitivity to

lexical-semantic attributes such as lexicality amid frequency (e.g., Jefferies, Hoffman,
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Jones, & Lambon Ralph, 2008; Knott et al., 199Q®Majerus, Norris, & Patterson, 2007;
R. Martin et al., 1999; Reilly et al., 2012). Hoveeythe view that lexical-semantic language
representations influence STM capacities has bssamtly challenged by Papagno, Vernice,
and Cecchetto (2013). The recall performance of gatient with semantic dementia, MC,
did not differ between lists of words whose mearhgpatient still knew and lists of words
whose phonological form the patient recognizedaaslfar without being able to retrieve
their meaning. The authors concluded that the @mite of long-term knowledge on STM
performance is due to familiarity with phonologicapresentations rather than to semantic
knowledge.

A number of proposed language-based models of 83w incorporated strong
relationships between temporary storage system$aagdage long-term representations in
order to account for the influence of languageesentations on STM capacities described
hereinabove (e.g., Acheson, Hamidi, Binder, & Rps2011; Acheson & MacDonald, 2009a;
2009b; Hickock, 2012; Majerus, 2009; 2013; N. Mad&i Saffran., 1992; N. Martin et al.,
1996; R. Matrtin et al., 1999). Most of these modeiggest that during STM tasks, decaying
temporary traces of the presented verbal informadie@ generated in STM. These decaying
STM traces are continuously reactivated throughdldaeek activation from corresponding
phonological or lexical-semantic language activagion LTM.

According to some other authors, verbal STM ndy arteracts with phonological and
lexical-semantic language knowledge but has its distinct temporary storage buffers for
phonological and lexical-semantic information. Tdlistinction between phonological and
lexical-semantic STM is the core of the model psgzbby R. Martin et al. (1999). The
authors posit a phonological short-term store ithalosely related to phonological language
representations and that is distinct from anotlegrcal-semantic short-term store, which

itself is closely connected to lexical-semantiglaage representations. This distinction is



Phonological and lexical-semantic STM in aphasia 6

based on neuropsychological case studies of bemmaded patients with relatively selective
impairment of phonological or lexical-semantic imf@tion. For instance, R. Martin, Shelton,
and Yaffee (1994) reported on two patients, EA ABdboth of whom showed reduced recall
spans, but whose STM performance was differentgcefd by phonological and lexical-
semantic variables. Patient EA had a selective immgant of phonological STM, showing
reduced phonological effects on word span (i.epmanological similarity effect in the visual
modality and no word length effect in either visaabhuditory modalities) but normal effects
of semantic variables (i.e., better word than namlgpan). EA also performed a rhyme probe
task, which taps phonological STM, and a categoop@ task, used to assess lexical-semantic
STM. The results showed that EA's performance ware nmpaired on the rhyme probe task
than on the category probe task, whereas healthly @shtrols showed a substantial
advantage on the rhyme probe task. AB's performan@®ntrast, was worse on the category
probe task than on the rhyme probe task. AnothigemgaML, showed the same pattern of
results as AB (R. Martin & Lesch, 1996). The studiyajerus et al. (2004) on three patients
who had recovered from Landau-Kleffner syndromerefl further evidence of selective
impairment of phonological STM. The patients showedliced phonological effects (i.e.,
word length, phonological similarity, phonotactredquency) but normal lexical-semantic
effects (lexicality, word frequency, word imagedlg)lon STM, and their performance was
impaired on a rhyme probe task but normal on agoayeprobe task.

Functional neuroimaging studies have also provaedence of a dissociation
between phonological and lexical-semantic STMhigtudy of Hamilton and Martin (2012)
healthy participants were asked to indicate whesh@obe word was synonymous with one
of the words previously presented in a list. Theilbareas activated were the left middle
frontal gyrus and the left inferior frontal gyriy contrast, when their participants were

asked to judge whether a probe word rhymed withadriee words previously presented in a
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list, activation was seen in the precentral gyalsng with smaller activations in the inferior
parietal lobe and the supramarginal gyrus. Thuscdd-semantic and phonological STM
tasks activated distinct areas, suggesting thatgssing for the two may indeed involve
different brain areas.

The studies mentioned above suggest that phomallognd lexical-semantic
information may be stored in distinct STM buffddawever, these dissociations are based on
relatively few cases in the literature. Moreovegj®tus et al. (2004) noted that even in the
double dissociations reported in the STM literattine patients were impaired in both
phonological and lexical-semantic STM, with therma&f a dissociation between the two
STM buffers based on relatively greater impairnm@mbne of the two types of task, either the
rhyme or the semantic probe task. For instanc&jd&tin et al.'s (1994) patient EA had a
rhyme probe span of 2.65 and a category probea&p2a82, while the corresponding figures
for patient AB were 4.62 and 2.19; control parta&ifs had rhyme and category probe spans
above 5. Thus, the question of whether it is pdssdohave a full double dissociation
between phonological and lexical-semantic STM ctilgge—one STM buffer impaired and
the other completely preserved—remains open.

In this study, we conducted a neuropsychologioabdke case study on two aphasic
patients, BN and TM. We aimed to provide furthedewce of a dissociation between
phonological and lexical-semantic STM componerdssuggested by the STM model of R.
Martin et al. (1999). We expected to find selectimpairment of one STM buffer and the
complete preservation of the other.

Both aphasic patients presented word productigraimment, a very frequent type of
dysfunction in aphasia, characterized by the prbdnof paraphasias, circumlocutions, non-
responses, the use of indefinite terms (e.g., ¢hirmabnormally long response latencies, and

inappropriate pauses (e.g., in the middle of acse®). We explored these difficulties with a
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picture description task and a picture naming ti&bdels of speech production generally
suggest that word-finding difficulties can resutirh one or several lesions within the
language system. Although word retrieval modely watheir specific architecture, a
common feature of various conceptualizations ig thifferentiation of at least two major
stages of word production: lexical-semantic acitoratind sublexical phonological activation
(Goldrick & Rapp, 2007; Laine & N. Martin, 1996; Lelt, Roelofs, & Meyer, 1999;

Wilshire, Keall, Stuart, & O’'Donnel, 2007). Durimgxical-semantic selection, the speaker
retrieves an abstract lexical-semantic represemtati the word that best matches the concept
to be expressed, which does not yet specify itsf@uring sublexical phonological
encoding, the speaker generates a complete phacalpian for the word to be produced.
These representations contain the phonologicatnmdtion required to engage subsequent
articulatory and motor processes. Recent reseashi$ed this two-stage framework to
analyze word production deficits in aphasic pateAtlexical-semantic impairment leads to
semantic and/or other whole-word errors in worddpation. A patient with a deficit at this
stage will be affected by word frequency and agacojuisition. A sublexical phonological
impairment leads to phonological errors and indy@esicular sensitivity to word length (e.qg.,
Goldrick & Rapp, 2007; Laine & N. Martin, 1996; In& & N. Martin, 2006; Wilshire et al.,
2007).

Our second aim was to assess the relationshipelataur patients’ word production
impairment and their STM performance. As many laggibased STM models suggest (e.qg.,
Acheson et al., 2011; Acheson & MacDonald, 200989b; Hickock, 2012; Majerus, 2009;
2013; N. Martin & Saffran., 1992; N. Martin et dl996; R. Martin et al., 1999), there are
strong relationships between language represensaséinod STM and between language
impairment and STM deficits. Moreover, some authtage suggested that there is a

relationship between impaired language productiah@TM deficits, but this relation stands
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in need of further investigation. For instanceaistudy of patients with language production
impairment, Knott et al. (1997; 2000) showed that patients had better recall for lists made
up of words that they were still able to name quicture naming task than for lists of words
that they could no longer produce. R. Martin e{#99) further suggested that selective
impairment within the language production systeny imarelated to selective STM
impairment. They reported a patient, MS, with lekisemantic production impairment, who
experienced severe difficulties on picture namasks, especially for low-frequency words.
When MS was unable to name a picture, he produémaigadescription of the object
(circumlocution). The patient’s language deficidlmnegative impact on his STM
performance and led to impaired lexical-semantiM$Erformance—indeed, he showed no
lexicality effect in serial recall. MS also proddcde same circumlocutions on serial recall
tasks as on naming tasks. Finally, he was leslyltkesucceed at recalling specific items that
he failed to produce on picture naming tasks tohaectall items that he successfully named.
In the present study, we tested the relationshiwdsn language production impairment and
STM more thoroughly. We hypothesized that impamathing induced by a phonological
deficit may be accompanied by impaired phonolog®8HM, but preserved lexical-semantic
STM, and that, conversely, a word production detice to lexical-semantic impairment may
be linked to impaired lexical-semantic STM and presd phonological STM.

To test these hypotheses, BN and TM were subntitten extensive evaluation of
their phonological and lexical-semantic STM al®kti The integrity of the patients’
phonological STM was assessed using a rhyme pesgiewhich has been widely used in the
STM literature (e.g., Freedman & R. Martin, 200BnklIton & R. Martin, 2012; Majerus et
al., 2004; R. Matrtin et al., 1994; 1999). The preagon of lexical-semantic STM was tested
using a category probe task (e.g., Freedman & Rtiv&001; Hamilton & Martin, 2012;

Majerus et al., 2004; R. Martin et al., 1994; 1999)e influence of sublexical phonological
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language representations on STM was assessed Ipagogrecall of high and low
phonotactic frequency nonwords (phonotactic fregyezifect). The influence of lexical-
semantic language representations on STM was askskegsomparing performance on
immediate serial recall (ISR) tasks for words andwords (lexicality effect) and for high-

and low-frequency words (word frequency effect)céling to language-based models of
STM, patients with phonological impairment canreyon phonological representations to
boost recall and such patients should therefore/stophonotactic frequency effect. If
lexical-semantic representations are preserved] wequency and lexicality effects should

be normal. On the other hand, in case of lexicalesgic impairment, given that lexical-
semantic representations cannot boost recall, vegdiency and lexicality should not affect
recall performance. If phonological representatiaresintact, there should be a normal
phonotactic frequency effect (e.qg., Jefferies £t28108; Knott et al., 1997; 2000; Majerus et
al., 2004; R. Matrtin et al., 1999; Reilly et al012). Some authors have also suggested that in
case of selective impairment, patients may shoavan-reliance on the preserved system. On
this view, patients with a phonological impairmemdy show hypersensitivity to lexical-
semantic variables such as word frequency or léiicavhile patients with selective lexical-
semantic impairment may show hypersensitivity torgiogical variables such as

phonotactic frequency (e.g., Knott et al., 2000jliRet al., 2012).

Case descriptions

Patient BN
Patient BN, aged 62 at the time of testing, isenEh-speaking, right-handed woman
with 16 years of formal education. She had preiowsrked as a teacher of English and

Dutch in a secondary school. In August 2011, sifersd from an ischemic stroke in the



Phonological and lexical-semantic STM in aphasia 11

superficial territory of the left middle cerebratexy. A computerized tomography (CT) scan
performed in September 2011 indicated cortical surtztortical damage to the left temporo-
parietal area as well as sequelae consisting @noephalic cavities in the right occipital and
frontal areas, affecting the corona radiata andritbelar lobe. An initial language evaluation
in September 2011 showed that the patient was mrssof her language difficulties. She
presented word-finding difficulties both in sporgans language and on a picture naming
task (1/10). Her repetition capacities were alspaired: she successfully repeated 1/5
phonemes, 5/10 syllables, 1/10 nonwords and 6/I@syavith greater difficulty repeating
long words. She produced phonological paraphasgstitive self-correction and
neologisms. BN’s word comprehension abilities waneserved (8/9 words), as was her
ability to understand short sentences (30/32)heutcomprehension of long and
grammatically complex sentences (i.e., passiveraladive sentences) was impaired (10/16).
Finally, the speech therapist also noted that Bv&u a reduced STM span (digit span of 3),
which has contributed to her impaired performanteepetition tasks and with long and
complex sentences. BN began treatment for her kgeydifficulties in September 2011 at the
Neuropsychological Rehabilitation Unit of the Unisigy Hospital of Liége in Belgium.
Shortly before participating in the study (Janu2@¢2), BN was re-examined by her
speech therapist. Her sentence comprehension Veéisely good (short sentences: 31/32,
long and grammatically complex sentences: 14/1&. Sill had word-finding difficulties,
both in spontaneous language and on a picture mgtiask (28/45), producing phonological
paraphasias, repetitive self-correction and neetagi Her repetition capacities had recovered
but remained impaired: she successfully repeate@ttdnemes, 5/5 syllables, 4/8 nonwords

and 6/8 words. Nevertheless, she dropped out atinrent in March 2012.
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Patient TM

TM is a 59-year-old, French-speaking, right-handeh with 16 years of education.
He previously worked as a physical education teaghé as a lifeguard in a public swimming
pool. In April 2006, he suffered from a left-hentgpe hemorrhagic stroke. An initial CT
scan indicated a left frontal intracerebral hematawth tetraventricular flooding. He was
admitted to surgery to drain the hematoma. A se€hdcan in June 2006 indicated cortical-
subcortical damage affecting the left frontal-p@li@reas and the left frontal horn. A third CT
scan in September 2006 did not show any evolutighe aforementioned lesions. TM also
had an epileptic seizure in July 2006, and an Eitlicated left fronto-temporal damage. His
epilepsy was treated, and he is no longer takinig@iteptics.

In April 2006, TM’s speech was agrammatical, argphesented marked word-finding
difficulties both in spontaneous language and picre naming task (4/31). He produced
semantic paraphasias, circumlocutions, persevaesatod omissions (i.e., non-responses). He
also produced phonetic paraphasias due to a mddrthria. TM’s word comprehension was
impaired (3/9), and a sentence comprehension aseassould not be performed. His
aphasia was treated in the Neuropsychological Ritiaéibn Unit of the University Hospital
of Liege between 2006 and 2007. In April 2007,ragleage assessment indicated that TM’s
language production and comprehension capaciteésmaroved. He scored 34/45 on a
picture naming task and presented a frequencyteffét’'s comprehension of words (9/9)
and short sentences (29/32) was good, but he fffeamulies with long and grammatically
complex sentences (10/16). His repetition of phozge(b/5), words (8/10) and nonwords
(8/10) was within the normal range but he produgeriphonetic paraphasias and two
lexicalizations of nonwords. His repetition of losgntences was impaired (2/4), and he still

produced semantic paraphasias, circumlocutionsggerations, omissions and phonetic
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paraphasias. He also suffered from attentionalSard difficulties (digit span of 3), which
affected his repetition and sentence comprehersipacities. TM also presented motor
difficulties in the form of a right hemiplegia.

In May 2009, TM suffered from a second left-herhs@ hemorrhagic stroke
affecting the frontal lobe, which did not leave hiwith any new language or motor deficits.

TM was re-examined shortly before participatingha study (March 2012). His word
and sentence comprehension were relatively goamt(sbntences: 31/32, long and
grammatically complex sentences: 12/16). He stitl ivord-finding difficulties and produced
semantic paraphasias, circumlocutions, persevasatod phonetic paraphasias due to his
mild dysarthria. On a repetition test, he succdlysfapeated 5/5 phonemes, 9/10 syllables,

6/8 nonwords and 6/8 words.

Control participants

Each patient’s performance was compared to thatgnbup of 15 healthy adults
matched for age (mean age: 60.13; range: 55-65)yesarcio-economic level and years of
education (all had a total of between 14 and 1Tsyebeducation). The participants
responded to a questionnaire on their health, @pdrted no history of neurological, cardiac,
neuropsychological or psychiatric disorders, andincorrected hearing or visual problems.
All participants were native speakers of FrencheyThad been recruited from the general
adult population in the Wallonia-Brussels FederatioBelgium. Each participant gave

written informed consent before participating ie gtudy.
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Methods and results

General procedure

The test sessions reported here took place inuBgpP012 for BN and in March 2012
for TM. The whole study was conducted in Frenche Phrticipants were tested individually.
The order of the tasks was constant across patitsp(1) Picture naming task, (2) Pyramids
and Palm Trees Test, (3) Minimal pair discriminatiask, (4) Rhyme probe task, (5)
Nonword delayed repetition task, (6) Picture dggim task, (7) Word and nonword ISR, (8)
Synonym judgment task, (9) Spoken word-to-pictuegahing task, (10) High- and low-
frequency word ISR, (11) Category probe task. Ti{peament was performed in five one-
hour sessions with BN and TM and in two one-hogs®as with the control participants.

Each patient’s performance was compared to théteo€ontrol group using modified
t-tests (Crawford, Garthwaite, & Porter, 2010). M t-tests offer an inferential estimate
of the distance between the score in a single @agehe range of scores of the control group
estimated at the population level pA< .05 indicates individual performance significgntl
outside the control range (i.e., performance atle@o standard deviations below or above

the mean performance of the control group, for@tavied significance test).

Receptive language capacities

Tasks.

Participants’ phonological analysis ability wasessed with a minimal pair
discrimination task, and their oral word comprehe@msvas explored using a spoken word-to-

picture matching task with phonological distractors
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Minimal pair discrimination task.

This task (adapted from Majerus, Lekeu, Van deden, & Salmon, 2001) consisted
in the auditory presentation of 56 pairs of constv@wel syllables, consisting of the vowel
/al combined with the consonants /b/, /d/, /fl, Ky, /I/, Im/, In/, Ipl, It/, v/, via headphones
connected to a PC. Half of the syllable pairs weeatical (example: /va-va/) and half were
different (example: /ga-pa/). On “different” triakhe syllable pairs differed by the initial
consonant. The participants were asked to indiwatgher a pair of syllables were the same
or different by pressing a designated key. Thik te&s programmed and presented with the
E-Prime 2.0 software (Psychology Software Tool$e percentage of correct responses was

computed.

Spoken wor d-to-picture matching task with phonological distractors.

On this taskBatterie longue d’évaluation du langadgkeong language evaluation
battery], University of Liege and Catholic Univeaysof Louvain), each of the spoken words
was presented along with a set of 5 pictures:dlget and 4 phonological distractors, each
differing from the target by one phoneme (examfalera/, /rwa/, Inwa/, /twa/, /pwa/, meaning
“finger”, “king”, “nut”, “roof”, “pea”). Lip reading was prevented. There were 4 plates of 5
pictures, with 4 trials per plate. All targets ahstractors were monosyllabic words, and the
position of the differing phoneme varied: on hdltlee plates the differing phoneme was
word-initial, and on the other half it was worddinThe participants were asked to point to
the picture corresponding to the spoken word. Tdregntage of correct responses was

computed.
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Results.

BN and TM performed within the control range oa thinimal pair discrimination
task, modified (19) = 1.63p = .12 and modified <1 respectively, and gave 100% correct
responses on the spoken word-to-picture matchsigwath phonological distractors, both

modifiedt <1. These results are summarized in Table 1.

(Insert Table 1 here)

Semantic capacities

Tasks.

The participants’ semantic abilities were assessaty two tasks chosen to tap
different aspects of semantic knowledge througfekht modalities: the Pyramids and Palm
Trees Test (Howard & Patterson, 1992), in a versgguiring participants to match together
pictures of objects, and a synonym judgment taged from Majerus et al., 2001), which

requires the semantic processing of abstract ancrete auditory words.

The Pyramidsand Palm Trees Test.

Participants were presented 52 plates of threecoipjctures each, with one picture
placed above the other two. They were asked teateliwhich of the bottom two pictures had
the closest semantic relationship to the top péctlihree additional plates were used as
warm-ups and were not included in the scoring. fdreentage of correct responses was

computed.
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Synonym judgment task.

Sixty pairs of concrete and abstract words weesgmted orally, and the participants’
task was to decide whether the words of a pairdmadar meanings. The pairs were matched
for imageability (Desrochers & Bergeron, 2000). deadditional trials were used as warm-

ups and were not included in the scoring. The pedage of correct responses was computed.

Results.
Both patients performed normally on the Pyramias Balm Trees Test, both
modifiedt <1, and on the synonym judgment task, both maiitf{@9) = 1.14p = .27 (see

Table 1).

L anguage production assessment

Tasks.

Picture description task.

Participants were administered The Cookie Theftupe description task from the
Boston Diagnostic Aphasia Examination (Goodglasgl&n, & Barresi, 2000), a task that is
widely used in the study of aphasia and that isictmred to be an ecologically valid
approximation of spontaneous discourse (Williamal.e2010)In this task, participants are
asked to describe a black and white picture demgcicomplex household scene, which
includes a child stealing cookies from a high shBffe test session was recorded and
transcribed for analysis. We focused on evidenceartl-finding difficulties by analyzing the
type of errors produced, the presence of inappaiggpauses (e.g., in the middle of a

sentence) and the use of indefinite terms (e.gingy”).
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Picture naming task.

We also presented a picture naming task becapsevides a well-controlled situation
in which a specific lexical item must be retrievadd thus minimizes the participant’s
chances of concealing a deficit with circumlocutoegponses (Laine & N. Martin, 2006).
Moreover, this task allowed us to analyze the ¢$fe€ psycholinguistic variables such as
word frequency, age of acquisition and length, el as the patients’ patterns of naming
errors, in order to collect evidence about the jptes$ocus of their word-finding impairment.

We selected 134 black and white line drawings ftbenset of Bonin, Peereman,
Maladier, Méot, and Chalard (2003). Bonin et gharted a name agreement percentage for
each picture, consisting of the percentage of @pants who produced the most common
name. On the basis of these results, we seleatéatgs with a name agreement higher than
60%. In the present study, each picture was preder@ntered on the computer screen using
the E-Prime 2.0 software. Participants were as@athime each picture as quickly as possible.
The pictures were presented in a pseudo-randomizit. On each trial, a ready signal (“*”)
appeared at the center of the screen for 500 mgvaadollowed by a 100-ms tone, which
ended at the onset of the picture. The experiménégr pressed a button to begin the next
trial. Participants were given a short break adtezry 30 trials. Fifteen additional pictures
were used as warm-ups. Standard phonemic and dercaes$ were provided in case of
naming failure.

The test session was recorded and transcribestéoing. Accuracy was measured as
the percentage of correctly named items. A respasecounted as correct if the participant
named the item correctly and spontaneously. Becaaise agreement on some of the
pictures was as low as 60%, we accepted alternasinees for the pictures with more than
one acceptable name, in keeping with Bonin et &003) list. The warm-up trials were not

included in the score. Correct naming latenciesvesralyzed with the Audacity 1.2.6.
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software (Mazzoni, 2006) and consisted of the l@emnbetween the presentation of the
picture and the correct and spontaneous namingeatéms, without any cue.

To analyze the effects of word frequency, subyecige of acquisition and word
length, we selected 54 out of the 134 drawingssAlécted words were matched on these
three variables. Word frequency values were obthirem the LEXIQUE database (New,
Pallier, Ferrand, & Matos, 2001). We chose filngfrency, which is an estimate of the
number of occurrences of the word out of a totadred million in a corpus composed of
subtitles from very recent television series aiddi(New, Brysbaert, Véronis, & Pallier,
2007). Twenty-seven low-frequency words (<5/milli@md 27 higher frequency words
(>10/million) were selected. Subjective age of asijon estimates were obtained from
Bonin et al. (2003). Participants in that studyevasked to estimate the age at which they
thought they had learned each of the names inriteew or oral form. Morrison, Chapel, and
Ellis (1997) showed that such subjective ratingsetate highly with objective measures
derived from data on children’s vocabulary knowlkedg= .76) and concluded that the
ratings offer a valid reflection of the real agevdiich a word is typically learned. The five
values on Bonin et al.’s (2003) age of acquisigoale corresponded to three-year age bands
with 0-3 at one extreme and 12+ at the other. inamalysis, we divided these measures into
two categories, choosing 27 early-acquired wonasr(fO to 6 years) and 27 late-acquired
words (from 7 to 12 years). Finally, for our anaysf the effect of word length, we selected
18 monosyllabic words, 18 bisyllabic words, andrdsyllabic words.

The taxonomy of naming errors was adapted fronetal. (1995) and Laine and N.
Martin (2006). We analyzed each erroneous resp@ves, if the participant self-corrected
afterwards. Each erroneous response was codednetof the following 11 categories: (1)
Semantic paraphasia: an erroneous response s&nentically related to the target word

(i.e., superordinate, member of the same categssgciative relationship across semantic
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boundaries); (2) Circumlocutions: a multiple-woesponse defining or describing the target
object; (3) Formal paraphasia: a real-word errosgeaponse that shares at least 50 percent
of its phonemes with the target; (4) Mixed err@sesponse sharing both semantic and
phonological features with the target; (5) Unredaterd: a real-word response with no
evident relationship to the target word; (6) Visaaior: an erroneous word that shares
perceptual features with the target, but no serodaditures; (7) Phonological paraphasia: an
addition, deletion, substitution, transpositiopbbnemes in the target word, resulting in a
nonword error that shares at least 50 percens ghibnemes with the target; (8) Neologism: a
nonword error that shares less than 50 percets phonemes with the target; (9) Phonetic
paraphasia: the erroneous production of phonemté® inontext of non-fluent language,
along with articulation difficulties. These erraray be the result of impaired speech motor
control, and involve lenition, nasalization, debeti approximation, and substitution of
phonemes, an error in the voicing of a phonemsimplifications of complex syllabic
structures. The result may even be a phoneme dest bt exist in the patient’s language;
(10) Perseveration: the repetition of a previousest or incorrect word; (11) Omission: the
participant remains silent or indicates his/hebility to name with comments such as “I

don’'t know”, “No”...

Results.

On the picture description task, both BN and TMsgnted signs of word-finding
difficulties. BN’s speech was fluent, with corregticulation and prosody, but was
interspersed with frequent episodes of word-findiifficulties. These difficulties were
manifested by frequent inappropriate pauses (imtidgelle of a sentence), the use of
indefinite terms (e.g.,“truc,” meaning “thingy”) diphonological paraphasias. She also

produced repetitive self-corrections. TM’s speeds wery laborious and non-fluent. He had
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frequent word-finding difficulties, manifested mgfjuent inappropriate pauses (in the middle
of a sentence), the use of indefinite terms (enqchin,” meaning “thing”) and semantic
paraphasias. These word-finding failures causedsi&yeech to lack meaningful information.
He also presented mild dysarthria, leading to ptioparaphasias.

On the picture naming task, as indicated in T@bkhe performance of both BN and
TM was impaired. The patients named significarghydr items than control participants,
with modifiedt (19) = -7.84p < .001 andnodifiedt (19) = -8.77p < .001 for BN and TM
respectively, and their correct naming latenciesei@nger than those of controls, with
modifiedt (19) = 12.67p < .001 and modified (19) = 7.90p < .001 for BN and TM
respectively.

BN'’s length effect (i.e., 1-syllable words namexirectly more often than 3-syllable
words) was greater than control participants, medif (19) = 3.14p=.007, as well as being
longer than that of TM (see Table 2). By contralkg presented no effect of word frequency
or age of acquisition, and did not significantlfeli from controls on either, with modified
(19) =-1.48p = .16 and modified < 1, respectively. Out of all of BN's errors, 66.65% wer
phonological paraphasias, 10.25% were circumlonsti@.69% were semantic paraphasias,
7.69% were omissions (i.e., non-responses), 2.56% weologisms and 12.82% were visual
errors. BN also produced repetitive self-correctidfinally, she showed no beneficial effect
from phonemic cues (0%). Since BN’s errors were@neénantly phonological paraphasias
and since she presented a length effect, theseséaba to indicate a word production deficit
at the sublexical phonological level (e.g., Calawaters, 1995; Shallice, Rumiati, &
Zadini, 2000).

By contrast, TM presented effects of word freqyefne., correctly naming high-
frequency words more often than low-frequency wpedtsl age of acquisition (i.e., naming

early-acquired words more successfully than latpised words) greater than those seen in
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control participants, with modified(19) = 2.56p =.02 and modified (19) = 2.58p =.02,
respectively. These effects were also greaterith&MN. Contrary to BN, TM did not present
a length effect, modifieti< 1. TM’s errors were distributed as follows: 33%res omissions
(i.e., non-responses), 27.02% were circumlocutidgds34% were semantic paraphasias, and
13.51% were phonetic paraphasias due to dysardmth5.20% were visual errors. Finally,
TM did benefit from a phonemic cue, with correc@penses following the cue in 42.86% of
cases. Since TM presented age of acquisition amd fsequency effects, and a majority of
TM’s naming errors were circumlocutions and sentapdiraphasias (51.36% of his errors fell
into one of these two categories), we hypothedizatlTM’s naming impairment was due to a
lexical-semantic deficit within the word productieystem (e.g., Goldrick & Rapp, 2007;

Lambon Ralph, Sage, & Roberts, 2000).

(Insert Table 2 here)

Short-term memory assessment

Phonological and lexical-semantic STM : rhyme and category probe tasks

Tasks.

These tasks from Majerus et al. (2004) were basdtie probe tasks of R. Martin et
al. (1994, 1999). Sequences of 2 to 7 items wezegmnted, followed by a probe word. In the
rhyme condition, the participants were asked tgguathether the probe word rhymed with
any item in the preceding list; in the semanti@gaty condition, they were asked to judge
whether the probe word belonged to the same setnzatgory as one of the words in the
preceding sequence. Responses were given by mesdigsignated key. There were 6 trials
each of sequence lengths 2 and 3, and 7 trialsfeaskquence lengths 4 to 7. Each serial

position was probed equally often. The prerecosksliences were presented in ascending
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order of length, at a rate of one item per seceredheadphones connected to a PC, using the
E-Prime 2.0 software. For each sequence lengtleacil condition, there were two non-
matching probe trials and the remainder (4 forikea@ and 3, 5 for lengths 4 to 7) were
matching probe trials. A greater number of matclgrapes was chosen because Majerus et
al. (2004) showed in their pilot study that non-chatg probes are very easily rejected, while
the detection of matching items was more diffi@nit yielded more variable scores, thus
increasing the sensitivity of the task. All wordere bisyllabic and of medium frequency
(mean: 1692/millioror the rhyme probe and 2009/million for the catggarobe; Content,
Mousty, & Radeau, 1990). The categories probed aeimmals, body parts, clothes, flowers,
fruits, furniture, kitchen utensils, professiompl) vegetables, and transportation. The names
of the categories were presented to the particgdagfiore the presentation of sequences of
lengths 2 and 3, but not for longer sequencesidardo keep participants from using a visual
strategy consisting in visually remembering theegaties that had already been presented.
We computed the percentage of correct yes/no assweeach task by pooling over trials and
sequence lengths. Four additional trials with sagedength 1 were used as warm-ups and
were not included in the scoring. The aim of the@aem-ups was to measure phonological
processing ability because they represent a sirhglae judgment with minimal STM
demands. Both BN and TM gave 100% correct respamsé&®th the rhyme and category
probe tasks, all modifiet$ < 1 Then, from 2 to 7 items, STM load increaseshearthyme
probe task, the phonological traces of the rhymvogd need to have remained activated in
STM to make the rhyme judgment possible, whilenm ¢ategory probe task, semantic traces
need to have remained activated in STM to allowstr@antic category judgment.

These probe tasks have been widely validatedeititérature for selectively
maximizing the retention of phonological and lexisamantic information in STM, known as

distinct parts of item STM (e.g., Freedman & R. Mgr2001; Hamilton & R. Martin, 2012;
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Majerus et al., 2004; R. Matrtin et al., 1994; 199%ese tasks have been also shown to
minimize the demands of other STM capacities, sigcherial order (Majerus et al., 2004;
Majerus, Poncelet, Elsen, & Van der Linden, 2006jevus, Poncelet, Greffe, & Van der
Linden, 2006), another critical component of SThtded, on the rhyme and category probe
tasks, the participants had to focus only on whethe probe word rhymed with or belonged
to the same category as one of the words in thees®g. The order of presentation of items
did not matter. Moreover, Majerus, Poncelet, Greffal. (2006) reported that performance

on these tasks did not correlate with performamca serial order reconstruction task.

Results.

As indicated in Table 3, on the rhyme probe tés test of the integrity of
phonological STM, BN's performance was impaireddifred t (19) = -3.94p = .001. By
contrast, she performed normally on the categoohetask, which tested the preservation of
lexical-semantic STM, modified(19) = -1.47p =.16. TM, on the other hand, performed
normally on the rhyme probe task, modifted 1, but was impaired on the category probe

task, modified (19) = -2.88p = .01.

(Insert Table 3 here)

I nfluences of language representationson STM

Tasks.

Delayed repetition of high and low phonotactic frequency nonwords.

This task (adapted from Majerus & Van der Linded)3) consisted of the auditory
presentation of 30 high and low phonotactic freqyamonwords via headphones connected

to a PC using the E-Prime 2.0 software. The stitmati a CVC syllabic structure, and all
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were legal with respect to French phonotactic tulée mean diphone frequency of the CV
segments was 149 (range: 3-524) and the mean dgheouency of the VC segments was
129 (range: 7-728), according to the databaseeaidfr phonology by Tubach and Boé
(1990). The nonwords were presented in random oE#ah was presented in isolation, and
followed by a 7-second delay during which the ggrtint counted aloud backwards from 95.
This counting task was used to prevent rehearsalgithe maintenance delay. At the end of
the delay, the experimenter tapped sharply on ¢fs&,dndicating that the participant should
repeat the target nonword. There were 4 practiaks tvhich were not included in the scoring.
We determined the percentage of correctly recaltadvords. The phonotactic frequency
effect was determined by calculating the differebetveen the scores in the two list
conditions.

This task assesses language phonological inflseme&TM (Majerus & Van der
Linden, 2003) and maximizes the retention of phogigial item information in STM. A new
item was presented on every trial and all nonwbatsthe same monosyllabic CVC structure,
with a predictable phoneme sequence, so that tie neguirement was to retain phoneme
identity to “fill in” the consonant and vowel pasits. At the same time, the fact that the
items were monosyllabic and presented in isolatiammizes the requirements for retaining

serial order information (Majerus, Poncelet, Greffal., 2006).

Immediate serial recall tasks.

The influence of lexical-semantic knowledge on Spéfiformance was assessed by
analyzing lexicality and word frequency effectsIBR (see for example Jefferies et al., 2008;
Knott et al., 2000; Majerus & Van der Linden, 2008jerus et al., 2004; R. Matrtin et al.,

1999).
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Lexicality effect.

Two separate lists of 60 monosyllabic CVC wordd aanwords were presented (task
adapted from Majerus et al., 2004). The words wétagh frequency (>200/million; Content
et al., 1990) and the nonwords differed from thedsdoy one phoneme. The sequences
ranged in length from 1 to 5 items and were preseimt ascending order of length, with 4
trials per sequence length. All sequence lengthie weesented. The experimenter read out
the lists at a rate of one item per second. Aetiek of each trial, the participants were asked
to recall the words in their order of presentatife computed the percentage of words and
nonwords recalled in correct serial position bylppover trials and sequence lengtha/e
also measured the lexicality effect (i.e., greederll performance for words than for

nonwords) by calculating the difference betweensttwes on the different list conditions.

Word frequency effect.

Two lists of 56 bi-syllabic words were construc{eask adapted from Majerus et al.,
2004). The items in the two lists were matcheddagth. The frequency count for the high-
and low-frequency lists was >10000 and <200/milliespectively (Content et al., 1990). The
sequence lengths ranged from 2 to 5. The presentatid recall procedures were the same as
in the two other ISR tasks. We computed the peacgnof high- and low-frequency words
recalled in correct serial position by pooling otréals and sequence lengthe/e analyzed
the word frequency effect (better recall performeafar high-frequency words than for low-
frequency words) by calculating the difference ssdretween the two list conditions.

Contrary to the other tasks, there were seriaorequirements on the ISR tasks: the

items had to be recalled in their correct ordgoresentation. However, as Majerus, Poncelet,
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Elsen et al. (2006) argued, because the items seen@led from an open pool and were new

on every trial, this task puts greater demandgem than on serial order STM.

Results.

As shown in Table 4, which gives results from tiest of the influence of phonological
representations on STM performance, BN showedersed phonotactic frequency effect on
the nonword delayed repetition task, modifi€éd9) = -3.64p = .002. Thus, BN's STM
performance did not seem to be influenced by phamicél factors. BN performed below the
control range in the high phonotactic frequencyvmana condition, modified (19) = -2.50,

p <.03 but not on low phonotactic frequency nonwondsdifiedt (19 )= -1.26p = .23. By
contrast, BN presented a normal lexicality effattloe ISR task for words and nonwords,
modifiedt < 1, suggesting that lexical-semantic represetatinfluenced her STM
performance. BN also presented a higher word frecyuieffect than control participants,
modifiedt (19) = 5.11p < .001. In terms of her overall performance onI8fR tasks, BN
was impaired on ISR for both words, modified 9) = -3.06p = .008, and nonwords,
modifiedt (19) = -3.34p = .005, as well as for both high-frequency words, riedit (19) =
-3.06,p = .008, and low-frequency words, modifiel9) = -7.67p <.001 (see Table 4).

By contrast, on the nonword delayed repetitiok,tagest of the influence of
phonological representations on STM, TM showedanplactic frequency effect, modified
(19) = 4.52p <.001, indicating that phonological factors influeddis STM performance,
in contrast to BN. He also performed below the mantange in the low phonotactic
frequency condition, modifietd(19) = -3.95p =.001, but not in the high-frequency
condition, modified (19) = -1.98p = .07. On the other hand, TM presented no lexicali
effect on the word/nonword ISR task, significardlifering from controls, modified (19) = -

2.40,p = .02, suggesting that lexical-semantic represiems did not influence TM’'s STM
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performance as they do in normal subjects. TM slsiwed a higher word frequency effect
than control participants, modifigq19) = 5.45p < .001. Finally, in terms of overall
performance, TM was impaired on all ISR tasks amttldions (word ISR, modifiet(19) = -
5.95,p <.001; nonword ISR, modified(19) = -3.14p = .005; high-frequency word ISR,
modifiedt (19) = -9.45p <.001; low-frequency word ISR, modified19) = -14.64,

p <.001; see Table 4).

(Insert Table 4 here)

We also analyzed the patients’ errors. These £mere not compared to the
control participants’ errors. Indeed, the contrelther made very few errors, or mainly made
non-responses. An analysis of BN’s errors on thevood delayed repetition showed that on
high frequency nonwords, 75% were lexicalizatiohsanwords and 25% were phonemic
paraphasias. On low phonotactic frequency nonwd@Nss errors were only phonemic
paraphasias. On the ISR tasks, we analyzed bathatel order errors, consisting in repeating
an item in the wrong serial position. Non-responsgere not included. Indeed, the non-
responses are difficult to interpret with regam$he processes responsible for these errors.
On the ISR task for words, we counted 16.67 % phmo@araphasias, 5.56% perseverations
(i.e., repeating an item that has already beerateg® and 77.78% order errors. On the ISR
for nonwords, 44.44% of BN's errors were phonenaaphasias, 11.11% were
lexicalizations, 11.11% were perseverations an83% were order errors. On the ISR for
high frequency words, 7% of BN'’s errors were phoitgparaphasias, and 93% were order
errors. On the ISR for low frequency words 38.46%BM’s errors were phonemic
paraphasias and 61.54% were order errors.

An analysis of TM’s errors on the nonword delayepketition showed that on high

frequency nonwords, 51.14% were phonetic parapbiabi29% were perseverations and
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28.57% were lexicalizations. For low phonotacteginency nonwords, TM’s errors were
mainly phonetic paraphasias (81.82%), along witi8% of perseverations. On the ISR task
for words, we counted 15.79% perseverations, 5.gb&nemic paraphasias, and 78.94%
order errors. On the ISR for nonwords, 33.33% ofd &trors were phonetic paraphasias,
22.22% were lexicalizations, 18.51% were perseweratand 25.93% were order errors. On
the ISR for high frequency words, 9.52 % of TM’soes were phonetic paraphasias, 9.52%
were perseverations and 80.95 % were order e@rshe ISR for low frequency words

100% of TM’s errors were order errors.

Discussion

The aim of this neuropsychological case study cotetlion two aphasic patients was
to provide further evidence on the hypothesizedatimbility of phonological and lexical-
semantic STM. This distinction was the hallmarkhe STM model of R. Martin et al.
(1999), and is currently based on relatively fewecatudies.

Our two patients presented word production diffies, which is a pervasive pattern
in aphasia. On the picture description task, batiepts used many indefinite terms, made
frequent inappropriate pauses, and frequently prediparaphasias. However, our findings
indicate that the locus of defect responsible lierword production deficit differed between
the two patients. On the picture description task the picture naming task, the majority of
BN'’s errors were phonological paraphasias. Moreowethe picture naming task, BN
presented a length effect but no word frequen@gerof acquisition effect. By contrast,
TM’s predominant types of errors were semantic jplaaaias and circumlocutions.
Furthermore, TM presented word frequency and ageadisition effects, but no length
effect. We concluded that BN’s naming deficit mayide from an impairment in sublexical

phonological language representation, while TMigylaage production deficit is likely
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lexical-semantic (e.g, Caplan & Waters, 1995; Gold& Rapp, 2007; Lambon Ralph et al.,
2000; Shallice et al., 2000).

Language-based models of STM have posited strelaganships between
phonological and lexical-semantic language reptasens and STM (e.g., Acheson et al.,
2011; Acheson & MacDonald, 2009a; 2009b; Hickodkl2 Majerus, 2009; 2013; N. Martin
& Saffran, 1992; N. Martin et al., 1996; R. Maréhal., 1999) and some authors have argued
that damage to representations involved in langpag@uction should also have a negative
impact on STM performance (e.g., Knott et al., 298¥00; R. Martin et al., 1999). Moreover,
R. Martin et al. (1999) also suggested that selectnpairment within the language system
may be accompanied by a related selective formiftM 8npairment. Therefore, our second
aim was to assess the relationship between owensatword production impairment and
their STM performance. We hypothesized that selegihonological naming impairment
may be accompanied by selective phonological SThinment with preserved lexical-
semantic STM and that a selective lexical-semdatiguage production deficit may be
accompanied by impaired selective lexical-sem&sitiv with preserved phonological STM.

The patients’ STM performance was carefully inigzged. The rhyme and category
probe tasks assessed the integrity of phonologmalexical-semantic STM respectively. BN
presented phonological STM impairment, as showhdsyimpaired performance on the
rhyme probe task, but completely normal lexical-aetict STM, as measured by the category
probe task. By contrast, TM’s lexical-semantic S\sls impaired, with degraded
performance on the category probe task, but hisglogical STM was preserved, as
reflected by his normal results on the rhyme pitais&. The results here thus seem to indicate
a double dissociation between phonological anccéysemantic STM, and therefore support
the framework of R. Martin et al. (1994; 1999).\Roesly, this dissociation has been

defended on the basis of double dissociation stuglith patients who were impaired on both
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rhyme and category probe tasks, but whose impairmas greater on one of these types of
STM task than the other (e.g., R. Martin et al94)9 In our study, we found a stronger
double dissociation on these tasks, with impairnoenthe rhyme or category probe task and
completely preserved performance on the other task.

On the ISR for words and nonwords and for hight lamv-frequency words, the
patients’ overall performance was less dissocititad on the rhyme and category probe
tasks, as indicated by the data presented in HalMée hypothesize that these results can be
explained by the presence of a serial order defidibth patients. Indeed, the errors that both
BN and TM produced on this task were mainly ordesrs. Because the ISR tasks also
included serial order requirements, they offerss fgpure” assessment of item STM than the
other STM tasks we used. In order to confirm tissuanption, we analyzed patients’
performance on two serial order STM tasks. The fask was a digit serial order
reconstruction task (see details in Majerus, Patcelan der Linden, & Weekes, 2008).
Participants were auditorily presented sequencegds (length 3 to 8). At the end of each
trial, the participants were given cards on whioh digits presented during the sequence were
printed and they had to sort the cards accordirige order of presentation. On the digit
serial order recognition task (see details in Mggeat al., 2009), participants had to judge
whether or not two lists of digits (length 3 to Blesented auditorily, were presented in the
same order. On both tasks, the stimuli were knowadvance—the participants were told
which items would be presented on each trial, anthe digit serial order reconstruction, the
digits were also provided at recall. These precastminimized item phonological or lexical-
semantic STM requirements. By contrast, the requerg to retain order information was
maximized on both tasks. The results confirmedotiesence of serial order impairment in
both BN and TM. On the digit serial order reconstian task, BN gave 47.22% correct

responses, modified(19) = -3.59p = .001, and TM gave 54.37% correct responses,
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modifiedt (19) = -2.98p = .007 Mean of the controls 88.85;SD= 11.31). On the digit
serial order recognition task, BN gave 59.52% atnresponses, modifidd19) = -4.74p <
.001, and TM gave 64.29% correct responses, madifid) = -3.87p = .001 Mean of the
controls= 85.56;SD= 5.36).

Moreover, TM’s impaired results with low phonoiadtequency nonwords are quite
surprising given that this task involves phonolagi§TM and is supported by phonological
language representations, which are preservedsmp#tient. While analyzing TM’s errors,
we discovered that TM produced mainly phonetic plaasias on this type of nonwords.
These paraphasias are due to TM’s mild dysartand,are present on low phonotactic
frequency nonwords because these items have Ippsrsdirom phonological language
representations than high phonotactic frequencywoaits, and are consequently more
difficult to pronounce.

Thus, TM’s weaker performance on the delayed regetf low phonotactic
frequency nonwords seems to be due to dysarthithamrtghan a phonological STM deficit.
Moreover, as mentioned above, on the ISR tasksa®NTM'’s serial order STM impairment
may have interfered with their overall performarBg.contrast, the rhyme and category
probe tasks have been widely shown in the liteeatoibe effective in selectively assessing
phonological and lexical-semantic STM, without rieispg other forms of STM processing
such as order STM (e.g., Freedman & R. Martin, 26Gimilton & R. Martin, 2012;

Majerus, Poncelet, Greffe, et al., 2006; Majerus)delet, Elsen, et al., 2006; Majerus et al.,
2004; R. Martin et al., 1994; 1999). We thus coesttiat these tasks offer a reasonably pure
assessment of phonological and lexical-semantic $dyectively. These considerations lead
us to believe that the patients' dissociated resultthese tasks suggest a relatively pure

double dissociation between phonological and ldsseanantic STM.
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Moreover, the analyses of the influences of lagguapresentations on STM on both
the nonword delayed repetition task and the ISkstés words and nonwords reveal
dissociated profiles. This pattern reinforces thidence of the close relationship between
language processing and STM, which is currentlebtas a small set of cases in the
literature (e.g., Knott et al., 1997; 2000; R. Ntadt al., 1999; Reilly et al., 2012). BN did not
present the expected phonotactic frequency effeth® nonword delayed repetition task,
which seems to indicate that, due to her phonosdgnspairment, phonological language
representations did not influence her recall penéoice. By contrast, her normal lexicality
effect on ISR indicated that she still relied on tleimpaired lexical-semantic representations
for recall. On the other hand, given his lexicahsatic language impairment, TM could not
rely on lexical-semantic representations for re@alt indeed he presented no lexicality
effect. He did, however, present a phonotacticesgy effect, indicating that he could still
rely on his phonological representations for recAl$ previously indicated in the STM
literature (e.g., Knott et al., 2000; Reilly et, @012), in case of selective impairment of
language representations, some patients may showeatreliance on the intact
representations and be more sensitive to relagdbles. This hypothesis could account for
BN'’s reversed phonotactic frequency effect on thieword delayed repetition task. Because
BN mostly relied on her unimpaired lexical-semangipresentations to perform the task, she
produced many lexicalizations of nonwords. Inde&d9% of her errors were lexicalizations.
Given that high phonotactic frequency nonwordscéoeer to existing words, they were more
susceptible to being lexicalized, and thus incalyeecalled by BN, than nonwords of low
phonotactic frequency.

Furthermore, on the ISR tasks, both patients@isduced many paraphasias. BN’s
item errors were mainly phonemic paraphasias, de@tanguage production tasks. TM’s

errors were phonetic paraphasias. The fact thadahee errors were produced both in
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language production and on the STM tasks reinftredhypothesis of a relationship between
the two processes.

Some methodological limitations of the presentlgtshould be noted. First, in order
to confirm the relationship between language anbll S&ficits, it would have been of interest
to use the same items in both our language and &8$k&. This methodology would have
allowed us to establish that the same items woale tbeen well processed or not, offering
stronger evidence of the link between the two (&gott et al., 1997; 2000; R. Martin et al.,
1999).

Second, the use of a secondary task during thetemgince delay on the nonword
delayed repetition task introduced an additionailalde in comparison with the other STM
tasks, which are “passive” STM tasks that simpfuree the decoding and maintenance of the
memoranda. The secondary task may have recruithticardl attentional resources, making
this task less “passive” than the others. Therefweecannot rule out the possibility that the
participants’ attentional capacities played a ml&he results obtained on this task.

Finally, the effect of frequency on the ISR taakso requires further discussion. As in
the studies of Jefferies et al. (2008); Knott e{2000); Majerus and Van der Linden (2003);
R. Martin et al. (1999) and Reilly et al. (2012k Wwad assumed that frequency effects on ISR
reflect the influence of lexical-semantic languagjeresentations on STM. However,
according to other authors, the loci of frequenitgats are more widespread, and such effects
may reflect the influence of both lexical-semaiaticl phonological levels of language
representations (e.g., Ellis & Lambon Ralph, 2a@806¢gson & Ellis, 1998; Kittredge, Dell,
Verkuilen, & Schwartz, 2008)—despite the fact thatne phonological STM deficit patients
do not show frequency effects (see e.g., R. Maitial., 1994). We assume that this higher

frequency effect is due to over-reliance on thaahtepresentation system. However, it would
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be of interest to further examine the frequencgefbn ISR tasks and its relation to language
phonological or lexical-semantic impairment.

In conclusion, our study revealed a double disgmmn between phonological and
lexical-semantic STM. These data support STM motthelspostulate separate phonological
and lexical-semantic short-term stores, such d@offa. Martin et al. (1994; 1999).
Furthermore, our data provide further evidence sk#ctive short-term memory impairment

may be related to selective word production deficit



Phonological and lexical-semantic STM in aphasia 36

Acknowledgments
Support for this research was provided by the Ehsity of Liege (doctoral fellowship
for fields not eligible for FRIA). We would likeotthank BN and TM for their kind
participation in this study. We also would likettank Anne Hiernaux and Marie-Anne Van
der Kaa for their help with the recruitment of fyeients.

There are no conflicts of interesdfecting this manuscript.



Phonological and lexical-semantic STM in aphasia 37

Footnotes
lif the participant forgot an item but recalled titker items in the correct serial position, the
participant had to give the position of the misgerh to be credited with a point for the

recalled items.
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Table 1

Performance (percentage correct) on language tienegtd semantic tasks

BN ™ Controls
Mean SD Range

L anguage r eception
Minimal pair discrimination 96.43 100 99.52 1.84 82- 100
Spoken word-to-picture 100 100 100 0 100 - 100
matching
Semantic
Pyramids and Palm Trees 98.08 96.15 97.44 2.88 90.39 - 100

Synonym judgment task 100 100 96.89 2.66 90.(m- 1
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Table 2

Picture naming task performance

BN ™ Controls
Mean SD Range

Accuracy (%) 56.72* 52.24* 94.28 4.64 84.33 - 100
Correct naming latencies (ms) 4464*  3328* 1447.1630.26 1120.14 - 1803.87
Psycholinguistic variables

Frequency

Low (%) 55.56* 70.37* 92.83 3.83 85.19 - 96.30

High (%) 55.56* 81.84* 97.04 3.49 88.89 - 100

Frequency effect 0 11.47* 4.20 2.75 0-+7.41

Age of Acquisition

Early acquired (%) 55.56* 77.78* 93.83 5.88 185- 100

Late acquired (%) 55.56* 66.67* 94.07 6.49 B87-100

Age of acquisition effect 0 11.11* -0.25 4.30 -11.11 - +7.41

Length

1 syllable (%) 72.22* 72.22* 93.70 7.53 77.78)0

3 syllables (%) 44.44* 72.22* 92.22 7.21 77-7180

Length effect (%) 27.78* 0 -1.48 9.02 -16.67 - +11.11

Note. * Indicates performance significantly diffetérom controls (Crawford et al., 2010).
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Table 3

Performance (percentage correct) on the rhyme pgastheand on the category probe task

BN ™ Controls
Mean SD Range
Rhyme probe task (%) 72.73* 86.36 8833 3.83 818218
Category probe task (%) 75 65.91* 84.55 6.27 729346

Note. * Indicates performance significantly diffetérom controls (Crawford et al., 2010).
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Performance (percentage correct) on the nonworyddlrepetition task, the ISR of words

and nonwords and the ISR of high- and low-frequemoxds

BN ™ Controls

Mean SD Range
Nonword delayed repetition
High-frequency nonwords 46.67* 53.33 78.67 12.40 - 600
Low-frequency nonwords 60.00 26.67* 75.56 12.00 333.93.33
Phonotactic frequency effect -12.33* 26.66* 5.07 4.66 0.00 - +13.33
ISR
Word ISR 61.67* 40.00* 8456 7.25 68.33 - 93.33
Nonword ISR 36.67* 38.33* 61.20 7.11 50.00 - 73.33
Lexicality effect 25 1.67* 18.44 6.80 11.67 - +38.33
High-frequency word ISR 78.57* 42.86* 95.83 5.47 .7@&5-100
Low-frequency word ISR 53.37* 16.07* 9440 5.22 @5-100
Word frequency effect 25.20* 26.79* 143 454 -5.35 - +14.29

Note. * Indicates performance significantly diffetérom controls (Crawford et al., 2010).



