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ABSTRACT
Background: Persons with aphasia (PWAs) are often impaired in time 
reference/tense production. It has been suggested that this impair
ment is due to encoding or/and retrieval deficits. However, to the best 
of our knowledge, no experimental design that enables teasing apart 
selective encoding and retrieval deficits has been proposed thus far.
Aims: This study aims at disentangling time reference-related encod
ing deficits from time reference-related retrieval deficits in PWAs.
Methods & procedures: Two sentence completion tasks tapping 
production of time reference and subject-verb agreement (control 
condition) were administered to eight Greek-speaking PWAs, eight 
Russian-speaking PWAs, six Italian-speaking PWAs, seven English- 
speaking PWAs and four groups of language-, age- and education- 
matched healthy controls. Task 1 tapped encoding and retrieval 
processes to a similar extent. Task 2 predominantly tapped retrieval 
processes. Comparisons between each PWA and the corresponding 
control group, as well as within-participant comparisons were 
performed.
Outcomes & results: All four control groups performed at ceiling. 
Twenty-eight out of 29 PWAs were impaired in time reference in at 
least one of the two completion tasks, and all but three PWAs were 
impaired in production of subject-verb agreement in at least one of 
the two tasks. In all language groups, there were PWAs exhibiting 
between-task dissociations. A double dissociation emerged in the 
time reference condition, as some Greek-, Russian- and English- 
speaking PWAs performed better on Task 1 than on Task 2, whereas 
other Greek- and Italian-speaking PWAs performed worse on Task 1 
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than on Task 2. In the agreement condition, in each language 
group, there were PWAs performing better on Task 1 than on 
Task 2. However, none PWA exhibited the opposite pattern. Based 
on the results, we identified both PWAs with selective time refer
ence-related encoding deficits and PWAs with selective time refer
ence-related retrieval deficits.
Conclusions: The present experimental design provides a sound 
basis for teasing apart selective time reference-related encoding 
deficits and time reference-related retrieval deficits.

Introduction

A thorough, reliable and valid neuropsychological assessment can inform the clinician 
about the linguistic and cognitive strengths and weaknesses of individuals with language 
disorders, which in turn can inform treatment programs tailored to the specific needs of 
each client (Varkanitsa et al., 2023). We consider psycholinguistic assessment to be part of 
neuropsychological assessment. In this study, we focus on verb-related morphosyntactic/ 
morphosemantic assessment. Specifically, we focus on production of time reference (TR)/ 
tense, which is often impaired in persons with stroke-induced aphasia (PWAs) (e.g., Faroqi- 
Shah & Thompson, 2007; Friedmann & Grodzinsky, 1997; Fyndanis, Arcara, Christidou & 
Caplan, 2018; Gavarró & Martínez-Ferreiro, 2007; Kok et al., 2007; Wenzlaff & Clahsen,  
2004). The current study has been largely inspired by the work of Faroqi-Shah and 
Thompson (2007), in which English-speaking participants with agrammatic aphasia 
were administered sentence completion tasks tapping verb production and utilizing 
a multiple choice format (e.g., The man will _________ the Canadian border [response 
options: cross, crosses, crossing]; Yesterday Rob ___________ at the meeting [response 
options: speaks, spoke, speak]; Tomorrow John __________ a question [response options: 
will ask, was asking, is asked]; Nowadays I ___________ a mile [response options: was 
jogging, jog, will jog]). The most frequent error type was mismatches between the 
temporal adverb and the selected verb form (e.g., *Yesterday Mary speaks to the 
President).1 The authors attributed participants’ difficulty in producing inflected verbs to 
tense-related encoding and/or retrieval deficits. Encoding and retrieval are two major 
components of the TR process (see, among others, Bock & Levelt, 2002; Levelt, 1999). For 
instance, to express an event that occurred before the utterance time, speakers must 
encode the abstract past feature of the verb and subsequently retrieve its corresponding 
phonological form. Interestingly, as mentioned in Faroqi-Shah and Thompson (2007), in 
another study on English agrammatic aphasia (Faroqi-Shah, 2006), participants with 
aphasia were not impaired in the selection of the temporal adverb when a finite verb 
form was provided (e.g., The tourist from France ate pizza ____________ [response 
options: every day, yesterday, next week]). These participants were only impaired in the 
selection of the verb form when a temporal context was provided (e.g., After Mary moved 
the sofa, she _________ her back [response options: sprained, sprains, will sprain]). This 
pattern was interpreted as suggesting that individuals with agrammatic aphasia have 
a tense-related retrieval deficit (specifically, difficulty retrieving tensed verb forms) rather 
than a tense-related encoding deficit (Faroqi-Shah & Thompson, 2007). One could argue, 
however, that completion tasks providing response options are similar to contrastive 
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sentence grammaticality judgment tasks. The conclusions based on such tasks, therefore, 
might not hold for production. In fact, it seems that the sentence completion tasks used in 
Faroqi-Shah and Thompson’s (2007) and Faroqi-Shah’s (2006) studies required decoding, 
not encoding, of tense features and judgment of the compatibility between the temporal 
adverbial (or the temporal clause) and the verb form. Therefore, it is not yet clear whether 
impaired TR production in PWAs is due to TR-related encoding deficits or due to TR- 
related retrieval deficits (or due to both). Some PWAs may predominantly have encoding 
deficits, and others may predominantly have retrieval deficits. Some other PWAs may 
have encoding and retrieval deficits to a similar extent.

Additionally, in some PWAs, TR-related encoding and/or retrieval deficits may differ
entially impact reference to different time frames. This possibility aligns with evidence 
that PWAs often exhibit dissociations between past and non-past reference (e.g., 
Bastiaanse et al., 2011; Fyndanis, Arcara, Capasso, et al., 2018; Nerantzini et al., 2020). 
This seems to be the case in both nonfluent and fluent aphasia (Fyndanis, Arcara, Capasso, 
et al., 2018). In several studies on TR in different languages, Bastiaanse and colleagues 
(e.g., Bastiaanse, 2008; Bastiaanse et al., 2011; Dragoy & Bastiaanse, 2013; Martínez- 
Ferreiro & Bastiaanse, 2013; Yarbay Duman & Bastiaanse, 2009) found that, in aphasia, 
reference to the past is more prone to impairment than reference to the present or future. 
Further evidence for this pattern has been provided by a recent meta-analysis by 
Cordonier et al. (2024). To account for this pattern, Bastiaanse et al. (2011) proposed the 
PAst DIscourse LInking Hypothesis (PADILIH), which states that reference to the past is 
more demanding than reference to the non-past (i.e., present and/or future) because it 
involves discourse linking (Zagona, 2003, 2013). However, not all aphasia studies on TR 
provided empirical evidence for the PADILIH. For example, some studies on Greek aphasia 
that tested production of TR with sentence completion tasks found no difference between 
past and future reference at the group level (e.g., Fyndanis, Arcara, Capasso, et al., 2018; 
Koukoulioti & Bastiaanse, 2020; Nerantzini et al., 2020). This divergent outcome challenges 
the generalizability of the PADILIH to all language populations. Interestingly, Fyndanis, 
Arcara, Capasso, et al. (2018) reported a double dissociation between past and future 
reference in their Greek-speaking PWAs, as some participants performed better on the 
production of past reference than on the production of future reference, and others 
exhibited the opposite pattern. The authors interpreted this double dissociation as 
suggesting that different sources of difficulty differentially affect the ability of PWAs to 
refer to the past or to the future. Such sources may include the semantic components of 
TR,2 language-specific morphological means of expressing past and future reference, 
PWAs’ selective deficits in TR-related encoding or retrieval processes, and others. The 
authors also noted that the bulk of the supporting evidence for the PADILIH (Bastiaanse 
et al., 2011) has been provided by studies employing the Test for Assessing Reference of 
Time (TART) (Bastiaanse et al., 2008), which is a task that predominantly investigates the 
participant’s ability to retrieve the verb form that corresponds to a given time frame.3 In 
contrast, the transformational sentence completion task used in Fyndanis, Arcara, 
Capasso, et al. (2018) tapped encoding and retrieval to a similar extent. (For information 
about transformational sentence completion tasks, see the Methods section.) Fyndanis, 
Arcara, Capasso, et al. (2018) contended that the conflicting outcomes in their investiga
tion and in studies utilizing the TART (e.g., Bastiaanse, 2008; Bastiaanse et al., 2011, Dragoy 
& Bastiaanse, 2013; Koukoulioti & Bastiaanse, 2020) could potentially be harmonized by 
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postulating that during the retrieval phase, referring to the past may be more demanding 
in terms of processing resources than referring to the future and, conversely, in the 
encoding phase, referring to the future may be more challenging than referring to the 
past. If these two fundamental processes associated with TR exhibit opposing patterns of 
selective difficulty, and assuming that certain PWAs encounter issues solely in encoding or 
retrieval, while others face mixed challenges, the contrasting dissociations between past 
and future reference might cancel each other at the group level. Substantiation for this 
hypothesis would manifest by discovering that participants with a selective retrieval 
deficit exhibit greater impairment in past reference than in future reference, while 
participants with a selective encoding deficit display more pronounced difficulties in 
future reference than in past reference.

As Fyndanis, Arcara, Capasso, et al. (2018) noted, the above hypothesis enables 
reconciling their results with the findings of most studies that used the TART 
(Bastiaanse, 2008). This was “an ad hoc hypothesis, driven by behavioural observations 
more than by theoretical motivations. Its evaluation will need an explicit theoretical 
framework providing principled reasons why past reference should be more taxing on 
retrieval and future reference on encoding processes [. . .]” (Fyndanis, Arcara, Capasso, 
et al., 2018, p. 838). One could assume that encoding future reference might be more 
challenging because reference to the future involves projections to possible worlds, 
which is a more abstract operation than referring to an event that has already taken 
place; and retrieval of past-referring verb forms might be harder than retrieval of future- 
referring verb forms if, in a given laguage, past-referring verb forms are morphologically 
more complex compared to future-referring verb forms. Given the cross-linguistic differ
ences in the way past vs. future reference are morphologically expressed (see Table 1 in 
the current study), the “retrieval component” of this hypothesis is not expected to have 
cross-linguistic validity.

Table 1. Past and future reference in Greek, Russian, Italian and English (for the 1st person, singular 
number, indicative mood of the verb κλείνω, zakryvat’, chiudere, close “close”).

Greek Russian Italian English

Past Reference έκλεισα [ˈeklisa] 
(έκλεινα [ˈeklina])

zakryval [zəkrɨˈval]  
(zakryl [zɐˈkrɨl])

ho chiuso [o kjˈuːzo] 
(chiudevo [kjʊdˈɛːvo]/ 

chiusi [kjˈuːzi])

closed (was closing)

Future Reference θα κλείσω [θa klˈiso] 
(θα κλείνω [θa klˈino])

budet zakryvat’ 
[budj ɪt zəkrɨˈvatj] 

(zakroet [zɐˈkrojɪt]/ 
zakryvayu [zəkrɨˈvajʉ])

chiuderό [kjʊderˈo] 
(chiudo [kjˈuːdo])

will close (am 
closing/will be 
closing/will be 

closed)

The present tense in Italian and Russian (e.g., chiudo [kjˈuːdo] and zakryvayu [zəkrɨˈvajʉ], respectively), and the present 
continuous in English (e.g., (I) am closing), are often used to refer to the future in the presence of a future-referring 
temporal adverbial. In Greek, the difference between the verb forms έκλεισα [ˈeklisa] and έκλεινα [ˈeklina], and between 
θα κλείσω [θa klˈiso] and θα κλείνω [θa klˈino] reflects the opposition between perfective and imperfective aspect, 
respectively. Likewise, the Italian verb forms ho chiuso [o kjˈuːzo] / chiusi [kjˈuːzi] and chiudevo [kjʊdˈɛːvo], and the 
English verb forms closed and was closing encode perfective and imperfective aspect, respectively. In Russian, 
imperfective (zakryvat’ [zəkrɨˈvatj]) and perfective (zakryt’ [zɐˈkrɨtj]) verbs have different paradigms. In the past tense, 
both of them have monolectic forms (zakryval [zəkrɨˈval] / zakryl [zɐˈkrɨl]). Future reference can be expressed via 
periphrastic verb forms (budet zakryvat’ [budjɪt zəkrɨˈvatj]), which encode imperfective aspect, or monolectic verb forms 
(zakroet [zɐˈkrojɪt]), which encode perfective aspect. In English future reference, the modal auxiliary will can convey 
either a perfective or imperfective reading depending on context and verb properties (Comrie, 1976). Constructions 
such as will be closing either encode progressive aspect or are underspecified for aspect (Celle & Smith, 2010). The 
future-referring passive constructions will be + participle (e.g., will be closed) can convey a prospective action/event 
without further aspectual specification.
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Lastly, Fyndanis, Arcara, Capasso, et al. (2018) proposed that, to disentangle selective 
TR-related encoding deficits from selective TR-related retrieval deficits, an experimental 
design should encompass a transformational sentence completion task and a task akin to 
the TART (Bastiaanse, 2008). Given that the transformational sentence completion task 
engages both encoding and retrieval processes to a comparable degree, while the TART 
primarily focuses on retrieval processes, individuals with selective encoding difficulties 
should exhibit better performance on the TART compared to the transformational sen
tence completion task. Conversely, participants experiencing a selective deficit in retrieval 
processes should demonstrate similarly impaired performance across both tasks.

Following up on Faroqi-Shah and Thompson’s (2007) and Fyndanis, Arcara, Capasso, 
et al.’s (2018) studies, the present study aims at teasing apart TR-related encoding 
processes and TR-related retrieval processes, identifying selective TR-related encoding 
or/and retrieval deficits in PWAs. Relatedly, it addresses whether there are task effects 
when exploring TR production with constrained tasks. Moreover, the study tests Fyndanis, 
Arcara, Capasso, et al.’s (2018) hypothesis that PWAs with selective TR-related retrieval 
deficits might be more impaired in past reference than in future reference, and PWAs with 
selective TR-related encoding deficits might be more impaired in future reference than in 
past reference.

Background on time reference in Greek, Russian, Italian and English

In all four languages, TR is made through verb inflection and temporal adverbials. As 
shown in Table 1, reference to the past (for both perfective and imperfective verbs) 
through verb inflection is predominantly expressed by monolectic verb forms in Greek 
and Russian, and by both monolectic and periphrastic verb forms in English and spoken 
Italian in Northern Italy, which is relevant here. On the other hand, reference to the future 
is predominantly made via monolectic verb forms in Italian, and via periphrastic verb 
forms in Greek (where a finite nonpast verb form is preceded by the particle θa) and 
English (where a nonpast verb form is preceded by the modal verb will). In Russian, both 
monolectic and periphrastic forms referring to the future are possible: future-referring 
monolectic verb forms encode perfective aspect, whereas future-referring periphrastic 
verb forms encode imperfective aspect. The latter forms consist of the auxiliary verb быть 
“to be” in the future tense and the infinitival form of a verb (with the former preceding the 
latter).

Methods

Participants

Eight Greek-speaking PWAs (four female, Mage = 63.5 years, SD = 7.3, range 51–76 years; 
M number of years of formal education = 11.6, SD = 5.4, range 2–19), eight Russian- 
speaking PWAs (seven female; Mage = 57.6 years, SD = 9.6, range 45–74 years; M number 
of years of formal education = 14, SD = 2.2, range 11–18), six Italian-speaking PWAs (all 
male, Mage = 54.8, SD = 4.1, range 48–60 years; M number of years of formal education =  
11.5, SD = 2.7, range 8–14), seven English-speaking PWAs (two female, Mage = 57.4 years, 
SD = 12.0, range 35–71 years; M number of years of formal education = 14.7, SD = 2.9, 
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range 12–20) and four groups of language-, age- and education-matched healthy controls 
participated in the study.

Both persons with non-fluent aphasia and persons with fluent aphasia took part in the 
study. In all PWAs, aphasia resulted from a single left-hemisphere stroke. As reported by 
speech/language therapists (SLTs), all PWAs had sufficient auditory comprehension abil
ities, and no or mild motor speech disorders such as dysarthria and speech apraxia. SLTs’ 
reports were based on PWAs’ performance on aphasia assessment tests (for Greek: Boston 
Diagnostic Aphasia Examination-Short Form [BDAE-SF; Goodglass et al., 2001; Messinis 
et al., 2013]; for Italian: Aachen Aphasia Test [AAT; Luzzatti et al., 1996]; for English: 
Western Aphasia Battery-Revised [WAB-R; Kertesz, 2007]; for Russian: scale for assessing 
the severity of speech and language disorders in individuals with local brain damage 
[Vasserman et al., 1997]). Additionally, for Italian, SLTs’ reports were based on PWAs’ 
performance on an Italian version of the Robertson scale (Fussi & Cantagallo, 1997), 
which was administered only to participants who showed signs of dysarthria when 
completing the AAT. Furthermore, all participants presented with (corrected to) normal 
hearing and vision (see note in Table 5 about EP7), and none of them had a history of (pre- 
morbid) neurological or psychiatric disorders, traumatic brain injuries or alcohol/drug 
abuse.

All eight Greek-speaking PWAs were diagnosed with chronic aphasia (M time post- 
onset = 41.3 months, SD = 13.4, range = 17–62 months). Based on the published Greek 
standardized version of the BDAE-SF (Goodglass et al., 2001; Greek version by; Messinis 
et al., 2013), five participants were diagnosed with non-fluent aphasia (three participants 
with Broca’s aphasia and one with transcortical motor aphasia) and three with fluent 
aphasia. The severity classification of the Greek-speaking PWAs was determined using the 
BDAE-SF. All participants were recruited by a Greek-speaking SLT who had previously 
provided their therapy. Testing was conducted in the participants’ homes (in Thessaloniki, 
Greece). Table 2 summarizes the available demographic and clinical information about 
the Greek-speaking participants.

Of the eight Russian-speaking PWAs, six were diagnosed with chronic aphasia (post- 
onset range: 39–110 months) and two with subacute aphasia (post-onset range: 3–4  
months). For the entire group of Russian-speaking PWAs, the mean time post-onset was 
55.4 months (SD = 39.4, range = 3–110 months). They were selected according to their 
medical reports in the Center for Speech Pathology and Neurorehabilitation (Moscow, 
Russia). Prior to their inclusion in the study, a professional SLT examined all Russian- 
speaking PWAs with the scale for assessing the severity of speech and language disorders 
in individuals with local brain damage (Vasserman et al., 1997). Severity of aphasia was 
scaled from 0 to 7 where 0 indicates absence of deficit, and 7 corresponds to a very severe 
impairment (Mseverity = 4.25, SD = 0.89, range = 3–6). Aphasia types were defined according 
to Luria’s aphasia classification (for review, see Akhutina, 2016). Only individuals diag
nosed with the primary non-fluent aphasia types (i.e., efferent motor, complex motor or 
dynamic aphasia) participated in the study. Russian-speaking participants’ detailed clinical 
and demographic information is presented in Table 3.

The mean time post stroke for the Italian-speaking PWAs was 37.5 months (SD =  
22.5; range = 13–61 months). Aphasia type was determined by a clinical assessment 
made by an expert SLT using the AAT (Luzzatti et al., 1996). Four patients were 
diagnosed with Broca’s aphasia (following a left ischemic lesion [N = 2] or a left 
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hemorrhagic lesion [N = 2]), and two with mixed transcortical aphasia (following 
a left hemorrhagic lesion). The severity classification of the Italian-speaking PWAs 
was based on the AAT (Luzzatti et al., 1996).

Four PWAs were outpatients, and two PWAs were still inpatients in the neuror
ehabilitation ward at the time of testing. All Italian-speaking PWAs were recruited 
and tested at the San Camillo Rehabilitation Hospital in Lido/Venice, Italy. The 
background information for the Italian-speaking participants is presented in 
Table 4.

The American English-speaking PWAs were recruited from existing participant data
bases in the Center for Brain Recovery at Boston University. All PWAs were diagnosed with 
chronic aphasia (M time post-onset = 96.3 months, SD = 51.6, range = 24–162 months) by 
SLTs. The WAB-R (Kertesz, 2007) was used to quantify severity and classify aphasia 
subtype. Based on the WAB-R, six participants were diagnosed with fluent profiles of 
aphasia and one with a non-fluent profile. Detailed clinical and demographic information 
is available in Table 5.

The different methods of aphasia assessment and the different classification systems 
used here largely reflect the fact that, at the time of testing, there were no standardized 
and normed Greek, Italian, Russian and English versions of the same diagnostic aphasia 
battery/test available.

In Thessaloniki, Lido/Venice and Moscow, healthy control participants were 
recruited by contacting the examiners’ friends and relatives and patients’ family 
members, as well as through adverts. In Boston, healthy controls were recruited 
from existing participant databases in the Center for Brain Recovery at Boston 
University. All healthy controls older than 60 years were administered the Montreal 
Cognitive Assessment to exclude participants with signs of dementia (English 
version: Nasreddine et al., 2005; Greek version: Poptsi et al., 2019; Russian version: 
Freud et al., 2020; Italian version: Santangelo et al., 2015).

The data reported here are part of an ongoing project on aphasia (Machine 
Learning Aphasia) that involves testing Greek-, Russian-, Italian, English- and 
Norwegian-speaking individuals with stroke-induced aphasia. Norwegian data were 
not reported as we have only tested three Norwegian-speaking PWAs thus far. We 
reported data from the other languages, however, to have a large enough pool of 
PWAs who are impaired in TR production. The rationale was that increasing the 
sample size makes it more likely to detect PWAs with selective TR-related encoding 
deficits and PWAs with selective TR-related retrieval deficits.

The study was approved by the Norwegian Centre for Research Data (Notification 
Form 657,769), the Cyprus National Bioethics Committee (protocol reference number 
ΕΕΒΚ/ΕΠ/2021/47), the HSE Committee on Interuniversity Surveys and Ethical 
Assessment of Empirical Research (protocol #72, 10.10.2020) (Moscow, Russia), the 
Ethics Committee for clinical experimentation of Venice and IRCCS San Camillo 
Hospital (reference number 1290/IRCCS San Camillo) (Venice, Italy), and the 
Institutional Review Board for the Charles River Campus at Boston University (IRB, 
protocol reference number 3309E) (Boston, USA). All participants took part in the 
study on a voluntary basis and gave informed consent in accordance with the 
Declaration of Helsinki.
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Experimental design

We developed two tasks tapping TR and subject-verb Agreement production. Task 1 was 
a transformational sentence completion task tapping encoding and retrieval processes to 
a similar extent, and Task 2 was a non-transformational sentence completion task pre
dominantly tapping retrieval processes (see next and Tables 6 and 7). In the TR condition, 
both tasks tapped into production of past reference and future reference. Reference to 
the present was not tested because, as noted by Fyndanis, Arcara, Capasso, et al. (2018, 
p. 832) “temporal adverbials prototypically associated with present reference, such as now 
and today, commonly used to elicit present-tensed/present reference verbs, are also 
compatible with future-tensed/future reference verbs (e.g., Now I will play guitar), making 
it hard to reliably test reference to the present (Fyndanis et al., 2012). Moreover, present 
tense likely acts as the default (‘unmarked’) tense value, which might be due to 

Table 6. Examples of the past reference (sub)condition of the Greek, Russian, Italian and English 
versions of the transformational sentence completion task (Task 1) and the non-transformational 
sentence completion task (Task 2).

Task 1 Past Reference
Source Sentence GR: Οι κηπουροί αύριο θα ποτίσουν τα λουλούδια. [i cipurˈi ˈavrio θa potˈisun ta lulˈuðja] 

“The gardeners tomorrow will water the flowers (lit.)” 
RU: Садовник завтра польет растения [sɐˈdovnj ɪk ˈzaftrə pɐljˈjɵt rɐˈsjtjenj ɪjə] 
“Gardener-definitive tomorrow water-future-perfective plants-definitive (lit.)” 
IT: I giardinieri domani bagneranno i fiori. [i dʒardiniˈɛːri domˈaːni baɲerˈanno i fiˈoːri] 
“The gardeners tomorrow water-future the flowers (lit.)” 
EN: Tomorrow the man will water the flowers.

Target Sentence GR: Οι κηπουροί χθες [i cipurˈi xθˈes] __________________ 
“The gardeners yesterday __________________ (lit)” 
(target: πότισαν τα λουλούδια [pˈotisan ta lulˈuðja] “watered the flowers”) 
RU: Садовник вчера [sɐˈdovnjɪk ftɕ͡ɪˈra] _________________. 
“Gardener-definitive yesterday _________________ (lit.)” 
(target: полил растения “watered plants-definitive (lit.)”) 
IT: I giardinieri ieri [i dʒardin iˈɛːri] _______________. 
“The gardeners yesterday ___________ (lit)” 
(target: hanno bagnato i fiori [ˈanno baɲˈaːto i fiˈoːri] “watered the flowers”) 
EN: Yesterday the man ________________. (target: watered the flowers)

Task 2 Past Reference

Source Sentence GR: [ποτίζω τον κήπο [potˈizo ton cˈipo] “water the garden”] 
Οι κηπουροί χθες έσκαψαν τον κήπο. [i cipurˈi xθˈes ˈeskapsan ton cˈipo] 
“The gardeners yesterday dug the garden (lit.)” 
RU: [полить растения [pɐˈlj itj rɐˈsjtjenjɪjə] “water plants-definitive”] 
Садовник вчера собрал грибы [sadˈovnjik ftʃ͡jirˈɑ sʌbrˈɑɭ ɡrjibˈy] 
“Gardener-definitive yesterday picked mushrooms (lit.)” 
IT: [bagnare i fiori [baɲˈaːre ˌi fiˈoːri] “water the flowers”] 
I giardinieri ieri hanno zappato l’orto. [i dʒardiniˈɛːri jˈɛːri anno dzapːˈaːto lˈɔːrto] 
“The gardeners yesterday have dug the garden (lit.)” 
ΕΝ: [water the flowers] 
Yesterday the man baked cakes.

Target Sentence GR: Οι κηπουροί χθες [i cipurˈi xθˈes] _____________________ 
“The gardeners yesterday _______________” 
(target: πότισαν τον κήπο [pˈotisan ton cˈipo] “watered the garden”) 
RU: Садовник вчера [sɐˈdovnjɪk ftɕ͡ɪˈra] ________________ 
“Gardener-definitive yesterday ______________” 
(target: полил растения [pɐljɪl rɐˈsjtjenjɪjə] “watered plants-definitive”) 
IT: I giardinieri ieri [i dʒardiniˈɛːri jˈɛːri]_________________. 
“The gardeners yesterday ______________ (lit.)” 
(target: hanno bagnato i fiori [ˈanno baɲˈaːto i fiˈoːri] “have watered the flowers (lit.)”) 
EN: Yesterday the man ________________. 
(target: watered the flowers)
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morphosemantic (e.g., Lapointe, 1985) or psycholinguistic reasons. For example, present 
tense is acquired earlier than past tense or future tense (e.g., Pizzuto & Caselli, 1994; 
Szagun, 1978). As a consequence, better performance on present reference than on past 
or future reference (in languages in which future reference is made through non-present- 
tensed verbs) could be attributed to the age of acquisition advantage of present tense”.

Since subject-verb Agreement has been consistently found to be better preserved than 
TR in aphasia (e.g., Friedmann & Grodzinsky, 1997; Fyndanis, Arcara, Christidou, et al.,  
2018; Gavarró & Martínez-Ferreiro, 2007; Wenzlaff & Clahsen, 2004), it was included as 
a control condition. That is, although this study focuses on TR, participants’ performance 
on Agreement will also be reported, as potential task effects that do not relate to 

Table 7. Examples of the subject-verb agreement condition of the Greek, Russian, Italian and English 
versions of the transformational sentence completion task (Task 1) and the non-transformational 
sentence completion task (Task 2).

Task 1 Agreement
Source Sentence GR: Αύριο εγώ θα ποτίσω τα λουλούδια. [ˈavrio eɣˈo θa potˈiso ta lulˈuðja] 

“Tomorrow I will water the flowers” 
RU: Сейчас мы поливаем растения [sjɪjˈtɕ͡æs ˈmɨ pəljɪˈvajɪm rɐˈsjtjenjɪjə] 
“Now we water-1st.pl.present-imperfective plants-definitive (lit.)” 
IT: Domani io bagnerò i fiori. [domˈaːni ˈio baɲerˈo i fiˈoːri] 
“Tomorrow I water-1st.sg.future the flowers (lit.)” 
EN: Every day I water the flowers.

Target Sentence GR: Αύριο ο κηπουρός [ˈavrio o cipurˈos] ________________________. 
“Tomorrow the gardener __________________________”. 
(target: θα ποτίσει τα λουλούδια [θa potˈisi ta lulˈuðja] “will water the flowers”) 
RU: Сейчас садовники [sjɪjˈtɕ͡æs sɐˈdovnjɪkjɪ] ______________________ 
“Now gardeners-definitive _____________________” 
(target: поливают растения [pəljɪˈvajʉt rɐˈsjtjenjɪjə] “water-3rd.pl.present-imperfective 
plants-definitive”) 
IT: Domani il giardiniere [domˈaːni il dʒardiniˈɛːre] __________________. 
“Tomorrow the gardener ____________________”. 
(target: bagnerà i fiori [baɲerˈa i fiˈoːri] “water-3rd.sg.future the flowers (lit.)”) 
EN: Every day the aunt ______________________. 
(target: waters the flowers)

Task 2 Agreement

Source Sentence GR: [ποτίζω τα λουλούδια [potˈizo ta lulˈuðja] “water the flowers”] 
Αύριο ο κηπουρός θα σκάψει τον κήπο. [ˈavrio o cipurˈos θa skˈapsi ton cˈipo] 
“Tomorrow the gardener will dig the garden” 
RU: [поливать растения [pəljɪˈvatj rɐˈsjtjenjɪjə] “water plants”] 
Сейчас садовники собирают грибы [sjijtʃ͡jˈɑs sadˈovnjikjɪ sʌbjirˈaju͡t ɡrjibˈy] 
“Now gardeners-definitive pick-3rd.pl.present-imperfective mushrooms” 
IT: [bagnare i fiori [baɲˈaːre i fiˈoːri] “water the flowers”] 
Domani il giardiniere zapperà l’orto. [domˈaːni il dʒardiniˈɛːre dzapːeɾˈa lˈɔːrto] 
“Tomorrow the gardener will hoe the garden” 
EN: [water the flowers] 
Every day the aunt bakes cakes. 
GR: Αύριο ο κηπουρός [ˈavrio o cipurˈos] __________________________.

Target Sentence “Tomorrow the gardener _________________________”. 
(target: θα ποτίσει τα λουλούδια [θa potˈisi ta lulˈuðja] “will water the flowers”) 
RU: Сейчас садовники [sʲɪjˈtɕ͡æsˈdovnjɪkjɪ] _________________________. 
“Now gardeners-definitive ____________________”. 
(target: поливают растения [pəljɪˈvajʉt rɐˈsjtjenjɪjə] “water-3rd.pl.present-imperfective plants- 
definitive (lit.)”) 
IT: Domani il giardiniere [domˈaːni il dʒardiniˈɛːre] __________________. 
“Tomorrow the gardener __________________”. 
(target: bagnerà i fiori [baɲerˈa i fiˈoːri] “water-3rd.sg.future the flowers (lit.)” 
EN: Every day the aunt __________________. 
(target: waters the flowers)
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encoding and retrieval processes will be easier to be determined if they appear in both 
the more demanding and less demanding conditions of Task 1 or Task 2. For example, if 
some participants find Task 2 more difficult than Task 1 due to reasons unrelated to 
retrieval or encoding processes, they may perform poorly in both the TR and Agreement 
conditions of Task 2, but not in those of Task 1.

In Task 1, participants were auditorily presented with a source sentence (e.g., Yesterday 
the man watered the flowers) and the beginning of a target sentence (e.g., Tomorrow the 
man . . .). They were required to complete the target sentence producing the correct form 
of the verb phrase (citation form of the target verb and its object) included in the source 
sentence (i.e., will water the flowers) (for examples, see Table 6). In the TR condition of this 
task, the participant had to encode a different TR-related abstract, prephonological value 
than that of the verb form that appeared in the source sentence, and then to retrieve 
a phonological form that matched the target prephonological TR-related value; the target 
phonological form of the verb, thus, always differed from the phonological form included 
in the source sentence. Task 1, therefore, appears to engage encoding and retrieval 
processes to a similar extent.

In Task 2, participants were cross-modally presented with the citation form of the 
target verb and its internal argument (i.e., object). The citation forms used were verb 
forms in 1st person, singular number, present tense and active voice in the Greek version 
of Task 2 (e.g., ψήνω μπισκότα “bake-1st.sg.present cookies”), and the infinitival forms of 
the target verb in the Russian, Italian and English versions of Task 2 (e.g., bake cookies; see 
also Tables 6 and 7).4 Subsequently, participants were auditorily presented with a source 
sentence (e.g., Tomorrow the man will water the flowers) and the beginning of a target 
sentence (e.g., Tomorrow the man . . .) and were instructed to complete the target 
sentence producing the correct form of the verb phrase appearing on the computer 
screen (i.e., will bake cookies) (for more examples, see Tables 6 and 7). Therefore, in the TR 
condition of Task 2, the participant had to “copy and paste” the TR-related prephonolo
gical feature (e.g., +FUTURE) from the source sentence to the target sentence and then to 
retrieve the corresponding verb form. Therefore, Task 2 posed fewer encoding demands 
on the speaker’s processing system than Task 1, and predominantly tapped into retrieval 
processes. Moreover, unlike in Task 1, participants had written support in Task 2 (i.e., cross- 
modal presentation of the citation form of the target verb and its internal argument).

Both tasks included 40 items tapping into TR production, of which 20 tapped past 
reference and 20 future reference. Task 1 and Task 2 also included 40 and 20 items 
tapping into subject-verb Agreement, respectively (for examples, see Table 7). In both 
tasks, the TR items were pseudorandomly interspersed with the Agreement items. The 
order of items was kept constant for all participants. Either task was split into two lists, and 
each participant completed one list.

Twenty regular transitive verbs taking one external and one internal argument (sub
ject/agent and object/theme, respectively) were used in each language version of Task 1. 
All verbs were in active voice, and each verb appeared four times in Task 1. Specifically, in 
the TR condition, each verb appeared once in a past reference item (e.g., Tomorrow the 
seamstress will iron the socks > Yesterday the seamstress ironed the socks) and once in 
a future reference item (e.g., Yesterday the seamstress ironed the socks > Tomorrow the 
seamstress will iron the socks); in the subject-verb Agreement condition, each verb 
appeared once in a person agreement item (e.g., Every day I iron the socks > Every day 
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the seamstress irons the socks) and once in a number agreement item (e.g., Every day the 
seamstresses iron the socks > Every day the seamstress irons the socks). In the Greek and 
Italian versions of Task 1, subject-verb Agreement was tested within past reference and 
future reference contexts. In the Russian and English versions, however, subject-verb 
Agreement was tested only within a present tense/reference context, as in English the 
person and number features are not marked morphologically on past- and future-tensed 
verb forms, and in Russian, only present- and future-tensed verbs morphologically mark 
both person and number features. (In Russian, past-tensed verbs morphologically mark 
number and gender, but not person.) In present tense, there are only imperfective verbs 
in Russian; therefore, we used only imperfective verbs for the stimuli tapping into subject- 
verb Agreement. However, in the TR condition we used perfective verbs only, because the 
usage of present imperfective verb forms in future reference contexts, although plausible, 
could lead to ambiguous results. In all language versions of Task 1, all target verb forms in 
the Agreement condition were in 3rd person in order to avoid conversation-type errors 
(Fyndanis et al., 2013).5 In the Agreement condition of the English Task 1, all experimental 
pairs tapping person agreement included transitions from 1st person and singular number 
to 3rd person and singular number. Transitions from verb forms in 2nd person and singular 
number to verb forms in 3rd person and singular number were not included, because the 
“2nd person cue” in English (you) is ambiguous (i.e., same for both singular and plural). 
Finally, all experimental pairs tapping number agreement in the English Task 1 included 
transitions from 3rd plural to 3rd singular. (We aimed for English-speaking participants to 
produce marked forms only in the Agreement condition because, in the present tense, 
English uses the unmarked form [e.g., close] for all three plural persons and for the first 
and second singular persons. Additionally, this unmarked form is also part of the infini
tive.) In contrast, the number agreement (sub)conditions in the Greek, Russian and Italian 
versions of Task 1 included both transitions from 3rd plural to 3rd singular and transitions 
from 3rd singular to 3rd plural. The experimental items instantiating these two transition 
types were evenly distributed within the number agreement (sub)conditions of the Greek, 
Russian and Italian versions of Task 1. Furthermore, unlike in the English Task 1, person 
agreement in the Greek, Russian and Italian versions of Task 1 was tested within both 
singular and plural numbers.

The same 20 verbs that were included in Task 1 were also used in Task 2. However, in 
Task 2, each of these verbs appeared three times: twice in the TR condition (once in a past 
reference item, and once in a future reference item) and once in the subject-verb 
Agreement condition. (Due to the non-transformational nature of Task 2, it was not 
possible to distinguish between person agreement and number agreement.)

Rationale
The rationale behind this experimental design is reflected in (1) – (7).

(1) Worse performance on Task 1 than on Task 2 in the TR condition, coupled with high 
performance in the TR condition of Task 2, will point to a selective deficit in TR-related 
encoding processes.

The directionality of this line of reasoning stems from the encoding- and retrieval- 
related design features of Task 1 and Task 2. While both tasks place similar retrieval 
demands on the language production system, Task 2 imposes minimal encoding 
demands (i.e., primarily “copy-pasting”) compared to Task 1. Given these similarities and 
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differences, better performance on Task 2 than on Task 1 may be directly attributed to 
a selective encoding deficit.

(2) If there is no compelling evidence that Task 2 is more difficult than Task 1 due to 
reasons unrelated to encoding and/or retrieval processes, comparably poor performance 
on Task 1 and Task 2 in the TR condition will point to a selective deficit in TR-related 
retrieval processes.

(3) Better performance on Task 1 than on Task 2 in the TR and/or Agreement conditions 
would indicate task effects unrelated to encoding and retrieval processes.

The directionality of this line of reasoning stems from two factors: (1) the encoding- and 
retrieval-related design features of Task 1 and Task 2, and (2) differences in the complexity of 
task instructions and level of intuitiveness between the two tasks. Regarding the first factor, as 
discussed in line reasoning (1), the between-task similarities and differences in encoding and 
retrieval demands suggest that better performance on Task 2 may be directly attributed to 
a selective encoding deficit. On the other hand, better performance on Task 1 compared to 
Task 2 can only be explained by assuming that, for some participants, Task 2 poses greater 
difficulty for reasons unrelated to encoding or retrieval processes. The second factor leading 
us to hypothesize that Task 2 may be more difficult than Task 1 (for reasons unrelated to 
encoding and retrieval processes) is Task 2’s greater instructional complexity and lower level 
of intuitiveness.6

(4) Worse performance on Task 1 than on Task 2 in the TR condition, coupled with high 
performance in the TR condition of Task 2 and worse performance on past than on future 
reference in Task 1, will point to a selective deficit in past reference-related encoding 
processes.

(5) Worse performance on Task 1 than on Task 2 in the TR condition, coupled with high 
performance in the TR condition of Task 2 and worse performance on future than on past 
reference in Task 1, will point to a selective deficit in future reference-related encoding 
processes.

(6) If there is no compelling evidence that Task 2 is more difficult than Task 1 due to 
reasons unrelated to encoding and/or retrieval processes, comparably poor performance 
on Task 1 and Task 2 in the TR condition, and worse performance on past than on future 
reference in either task, will point to a selective deficit in past reference-related retrieval 
processes.

(7) If there is no compelling evidence that Task 2 is more difficult than Task 1 due to 
reasons unrelated to encoding and/or retrieval processes, comparably poor performance 
on Task 1 and Task 2 in the TR condition, and worse performance on future than on past 
reference in either task, will point to a selective deficit in future reference-related retrieval 
processes.

Procedure

In all four testing sites (Thessaloniki, Greece; Moscow, Russia; Lido/Venice, Italy; and 
Boston, USA), all participants were tested individually in a quiet environment by 
a trained clinical linguist (in Moscow) or a trained SLT (in Thessaloniki and Lido/ 
Venice) or a trained psycholinguist or clinical fellow (in Boston). First, they were 
administered the non-transformational sentence completion task (Task 2), and then 
they completed the transformational sentence completion task (Task 1). We 
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acknowledge that, in general, varying the order in which the tasks are administered 
across participants is preferable to keeping the task order constant across partici
pants, as this reduces the risk of task order effects. In the context of the present 
study, however, there is an advantage in keeping the task order constant across 
participants. This is because, when planning the study, we knew that the results 
would be analyzed at the individual level only, and, importantly, the emergence of 
a double dissociation between Task 1 and Task 2 would be a key finding, as this 
would be highly informative about the origin of each participant’s observed deficit in 
TR production. Keeping the task order constant across participants ensures that, if 
a between-task double dissociation emerges, such a finding is “genuine” and cannot 
reflect task order effects.

Each participant completed one of the two stimuli lists of each task. The experimental 
lists were assigned to the participants in a pseudorandomized order. All participants 
completed the two tasks within one or two testing sessions.

Scoring criteria

In the TR conditions, all responses including verb forms matching the target time frame 
were scored as correct. Since aspectual adverbials were not included in the experimental 
items, responses including verb forms that matched the target time frame were scored as 
correct irrespective of the aspectual value they encoded. Likewise, in the subject-verb 
Agreement conditions, all responses including verb forms matching the target person and 
number were scored as correct. However, the scoring criteria for the Agreement condition 
in the English Task 1 and Task 2 are less straightforward. In the English tasks, all target 
sentences in this condition included verb forms in 3rd person, singular number and 
present tense. Some English-speaking PWAs, however, often produced verb forms in 
past or future tense, where subject-verb agreement is not marked overtly. When produ
cing such verb forms in English, therefore, it is impossible to make agreement errors. 
Given this feature of the English morphology, we used two methods of scoring English- 
speaking participants’ responses in the Agreement conditions. In scoring method 1, we 
did not remove any response and scored as incorrect responses only those responses that 
included uncontroversial agreement errors. In other words, responses that included verb 
forms in past tense (i.e., verb forms ending in -ed in the current tasks) or future tense (will  
+ base infinitival forms7 of verbs) were always scored as correct. In scoring method 2, we 
removed all responses that included verb forms in tenses where subject-verb agreement 
is not encoded overtly. As will be shown in the Results section (see Table 8), for all but one 
English-speaking PWA, the results of the comparisons between Task 1 and Task 2 in the 
Agreement condition were not affected by the choice of the scoring method.

Results

Comparisons between individual PWAs and control groups

All four control groups performed at ceiling (Greek-speaking control group: Task 1, TR 
condition, Mean [SD] = 98.1% [±5.3%]; Agreement condition, Mean [SD] = 99.4% [±1.8%]; 
Task 2, TR condition, Mean [SD] = 95.6% [±8.6%]; Agreement condition, Mean [SD] = 98.8% 
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[±3.5%]; Russian-speaking control group: Task 1, TR condition, Mean [SD] = 100% [±0.0%]; 
Agreement condition, Mean [SD] = 99.5% [±1.5]; Task 2, TR condition, Mean [SD] = 95.5% 
[±13.5%]; Agreement condition, Mean [SD] = 100% [±0.0%]; Italian-speaking control group: 
Task 1, TR condition, Mean [SD] = 100% [±0.0]; Agreement condition, Mean [SD] = 100% 
[±0.0]; Task 2, TR condition, Mean [SD] = 100% [±0.0]; Agreement condition, Mean [SD] =  
100% [±0.0]; English-speaking control group: Task 1, TR condition, Mean [SD] = 98.6% 
[±3.8%]; Agreement condition, Mean [SD] = 99.3% [±1.9%]; Task 2, TR condition, Mean 
[SD] = 97.1% [±2.7%]; Agreement condition, Mean [SD] = 98.6% [±3.8%]). To determine 
which PWAs were impaired in morphosyntactic production, we compared each PWA’s 
performance in the TR and Agreement conditions in Task 1 and Task 2 with the performance 
of the corresponding control group using the Crawford-Howell t-test (Crawford & 
Garthwaite, 2002, 2012; Crawford & Howell, 1998; Crawford et al., 2010). As shown in 
Table 8, all PWAs but GP7 were impaired in TR in Task 1 and/or Task 2, and all but three 
PWAs (GP6, GP7, and RP7) were impaired in production of subject-verb agreement in at least 
one of the two tasks (When the standard deviation of the control group is 0, the program 
Singlims_ES.EXE ––which we used to perform the Crawford-Howell t-test––yields no results. 
In comparisons where the standard deviation of a control group’s performance was 0 [i.e., 
Russian control group in the TR condition of Task 1 and in the Agreement condition of Task 
2, and Italian control group in both conditions in Task 1 and Task 2], we arbitrarily added 
a single error in the control group’s data set to tackle this problem, as we did in Fyndanis, 
Arcara, Capasso, et al., 2018).

Within-participant with aphasia comparisons

Within-subject comparisons were performed using Fisher’s exact test. As shown in 
Table 8, in the TR condition, three Greek-speaking PWAs (GP1, GP4 and GP6), one Russian- 
speaking PWA (RP6), three Italian-speaking PWAs (IP3, IP4 and IP6) and two English- 
speaking PWAs (EP5 and EP7) showed between-task dissociations. A double dissociation 
emerged, as GP1, GP6, RP6, EP5 and EP7 performed better on Task 1 than on Task 2, 
whereas GP4, IP3, IP4 and IP6 performed worse on Task 1 than on Task 2. In the 
Agreement condition, nine PWAs (namely, GP1, GP2, RP3, RP6, IP5, EP1,8 EP4, EP5 and 
EP6) exhibited between-task dissociations that had the same direction: Task 2 elicited 
worse performances than Task 1.

Furthermore, as shown in Table 9, dissociations between past and future reference 
were exhibited by GP1 (in Task 2), GP4 (in Task 1), GP5 (in Task 1), GP6 (in Task 1), RP3 (in 
Task 1), IP1 (in Task1), IP4 (in Task 2), IP6 (in Task 1), EP3 (in both tasks) and EP7 (in Task 1). 
In fact, a double dissociation between past and future reference emerged, as GP1, GP4, 
GP5, GP6, RP3, EP3 and EP7 fared better on past reference than on future reference, 
whereas IP1, IP4 and IP6 exhibited the opposite pattern. It should also be noted that, of 
the 10 PWAs who exhibited past-future dissociations, only one (EP3) displayed this 
dissociation in both tasks. Of the remaining nine PWAs, seven exhibited dissociations 
between past and future reference in Task 1 (GP4, GP5, GP6, RP3, IP1, IP6 and EP7), and 
only two displayed such dissociations in Task 2 (GP1 and IP4).

Finally, 13 PWAs exhibited dissociations between TR and subject-verb agreement 
(namely, GP4, GP5, GP6, RP3, RP4, IP2, IP5, EP1, EP2, EP4, EP5, EP6 and EP7), with all of 
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them performing significantly better on the latter than on the former (all p-values are 
given in the Appendix).

Discussion

The primary goal of the present study was to tease apart selective TR-related encoding 
deficits and TR-related retrieval deficits in PWAs. To this end, we administered two 
sentence completion tasks tapping production of past reference, future reference, and 
subject-verb Agreement (with the latter serving as a control condition) to Greek-speaking, 
Russian-speaking, Italian-speaking and English-speaking PWAs and language-matched, 
age-matched and education-matched healthy control participants. Task 1 was 
a transformational sentence completion task tapping encoding and retrieval processes 
to a similar extent, whereas Task 2 was a non-transformational completion task predomi
nantly tapping retrieval processes.

All control groups performed at ceiling. Comparisons between each individual PWA 
and the corresponding control group revealed that all PWAs except GP7 were impaired in 
TR production in Task 1 and/or Task 2, and all but three PWAs (GP6, GP7 and RP7) were 
impaired in production of subject-verb agreement in at least one of the two tasks. This 
finding was not unexpected, as impaired morphosyntactic production is common in 
stroke-induced aphasia. It was long believed that impaired verb-related morphosyntactic 
production was only present in nonfluent aphasia, but recent evidence indicates that also 
persons with fluent aphasia can be impaired in verb-related morphosyntactic production 
(e.g., Bos & Bastiaanse, 2014; Dragoy & Bastiaanse, 2013; Fyndanis, Arcara, Capasso, et al.,  
2018; Jonkers & De Bruin, 2009; Kljajevic & Bastiaanse, 2011).

However, it appears that, not only GP7 (see above), but also GP1 and RP6 had no TR- 
related deficits. Although GP1 and RP6 performed 35% correct in the TR condition of Task 
2, they both performed 100% correct on TR in Task 1. Their ceiling TR performance in Task 
1 (i.e., the “encoding and retrieval task”) suggests that their poor TR performance in Task 2 
(i.e., the “retrieval task”) is attributable to task effects unrelated to retrieval (and encoding) 
deficits. The evidence that Task 2 was harder than Task 1 for GP1 and RP6 is compelling, as 
they both fared better on Task 1 than on Task 2 not only in the TR condition but also in the 
Agreement condition (see Table 8).

Moreover, all PWAs who exhibited dissociations between TR and subject-verb agree
ment (N = 13) performed significantly worse on TR than on agreement. This is consistent 
with earlier findings showing that subject-verb agreement is better preserved than TR in 
aphasia (e.g., Friedmann & Grodzinsky, 1997; Fyndanis, Arcara, Capasso, et al., 2018; 
Gavarró & Martínez-Ferreiro, 2007; Wenzlaff & Clahsen, 2004).

As will be shown in the remainder for this section, PWAs’ individual patterns of results 
enable us to identify both PWAs with selective TR-related encoding deficits and PWAs 
with selective TR-related retrieval deficits. Before proceeding to the next subsections, it is 
important to note that, for several participants, Task 2 was more difficult than Task 1 due 
to reasons unrelated to retrieval and encoding processes. This is supported by two key 
observations. First, some PWAs (namely, GP1, GP6, RP6, EP5, and EP7) performed better in 
the TR condition of Task 1 (the “encoding and retrieval task”) than of Task 2 (the “retrieval 
task”; see Table 8). Second, nine between-task dissociations emerged in the Agreement 
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condition (see the results of GP1, GP2, RP3, RP6, IP5, EP1, EP4, EP5, and EP6 in Table 8), and 
showing the same pattern: Task 2 consistently elicited worse performances than Task 1.

PWAs with selective TR-related encoding deficits

As it will be shown below, there were six PWAs with selective TR-related encoding deficits: 
GP3, GP4, RP5, RP7, IP1, and IP6. Since GP4 and IP6 performed 100% and 85% correct, 
respectively, in the TR condition of Task 2 (the “retrieval task”), and only 55% and 35% 
correct, respectively, in the TR condition of Task 1 (the “encoding and retrieval task”), it is 
safe to conclude that they had selective TR-related encoding deficits. These PWAs’ worse 
performance on Task 1 than on Task 2 was driven by what distinguishes Task 1 from Task 
2, i.e., TR-related encoding demands. It is very likely that also IP1 had a selective TR-related 
encoding deficit, as he performed 90% correct in the TR condition of Task 2 and 60% 
correct in the TR condition of Task 1. The evidence for IP1, however, is weak as the 
between-task difference was marginally significant.

Although GP3, RP5 and RP7 did not exhibit dissociations between Task 1 and Task 2 in 
the TR condition, they were found impaired in Task 1 but not in Task 2 (in TR), as the 
comparisons between their individual performances and the performances of the corre
sponding control groups show (Table 8). Given this, and since they performed 65–90% 
correct in the TR condition of Task 1, we conclude that these three PWAs had selective 
mild-to-moderate encoding deficits. (Along the same lines, GP3’s and RP5’s performances 
on Agreement in Task 1 and Task 2 suggest that they also had selective mild agreement- 
related encoding deficits.)

Of the above six PWAs with selective TR-related encoding deficits, only three exhibited 
dissociations between past and future reference: GP4, IP1, and IP6 (see Table 9). To 
provide a more precise characterization of these PWAs’ deficits, GP4’s better performance 
on past than on future reference in Task 1 suggests a selective future reference-related 
encoding deficit. In contrast, IP1’s and IP6’s worse performances on past than on future 
reference in Task 1 suggests a selective past reference-related encoding deficit.

PWAs with selective TR-related retrieval deficits

As will be explained in this subsection, there were eight PWAs with selective TR-related 
retrieval deficits: GP5, GP8, RP1, RP2, RP8, IP2, EP2, and EP3. The comparably poor 
performance of the above participants in the TR condition of the two tasks, coupled 
with the lack of evidence that Task 2 was harder than Task 1 for any of these PWAs due to 
reasons unrelated to encoding and/or retrieval processes, points to selective deficits in TR- 
related retrieval processes. This is so because the “common denominator” in Task 1 and 
Task 2 is the amount of retrieval demands; the two tasks do not differ in retrieval 
demands. Moreover, GP5’s and EP3’s significantly better performances on past than on 
future reference in Task 1 and/or Task 2 suggest that they had selective future reference- 
related retrieval deficits. Finally, RP2’s, RP8’s and EP3’s comparably poor performances on 
Task 1 and Task 2 in both the TR and subject-verb Agreement conditions suggest that they 
had selective deficits not only in TR-related retrieval processes, but also in Agreement- 
related retrieval processes.
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PWAs with both TR-related encoding and retrieval deficits

IP3 and IP4 performed 45% correct in the TR condition of Task 2 and 10% correct in the TR 
condition of Task 1 (with these between-task differences being significant – see Table 8). 
Given that they both performed poorly in the “retrieval task” (i.e., Task 2), their overall 
patterns of performance could be accounted for by assuming that IP3 and IP4 had both 
TR-related encoding and retrieval deficits.

PWAs with unclear origin of their impaired TR production

There were 10 PWAs with unclear source of TR impairment: GP2, GP6, RP3, RP4, IP5, EP1, 
EP4, EP5, EP6, and EP7. Before discussing the interpretation of these PWAs’ results, it 
should be noted that, as shown in Table 8, all nine PWAs who performed poorly in the 
Agreement condition of Task 2, and significantly worse in Task 2 than in Task 1 in the same 
condition (i.e., GP1, GP2, RP3, RP6, IP5, EP1, EP4, EP5 and EP6), also performed poorly in 
the TR condition of Task 2 (15–45% correct). In contrast, there were PWAs who fared 
poorly on TR in Task 2 but high on Agreement in Task 2 (e.g., GP5: TR = 50%, Agreement =  
90%; GP6: TR = 5%, Agreement = 100%; EP2: TR = 35%, Agreement = 100%; EP7: TR = 5%, 
Agreement = 100%). Most importantly, in some PWAs (GP6 and EP7), task effects emerged 
in TR but not in Agreement (see Table 8). The above associations and dissociations 
suggest that, when a task effect emerges in Agreement (due to reasons unrelated to 
retrieval and encoding processes), this effect seems to be present in TR as well. In some 
PWAs, however, such a task effect may only emerge in the most challenging morpho
syntactic category, namely TR. Further evidence for this conclusion is provided by the fact 
that both GP6 and EP7 (the only PWAs who exhibited a task effect in TR but not in 
Agreement) performed significantly worse on TR than on subject-verb Agreement in both 
tasks (for p-values, see Appendix).

Just like IP3 and IP4 (see subsection above), RP4 and IP5 might have had both TR- 
related encoding and retrieval deficits as, although they both performed worse on Task 1 
(35% correct for RP4 and 15% correct for IP5) than on Task 2 in the TR condition, their TR 
performances in Task 2 were still low (70% correct for RP and 45% correct for IP5). 
However, the between-task differences in TR were only marginally significant (see 
Table 8), and thus the evidence for the above interpretation of RP4’s and IP5’s results is 
weak. Therefore, we cannot rule out the possibility that RP4 and IP5 had selective TR- 
related retrieval deficits.

GP6 and EP7 showed similar patterns of performance. Both participants performed 
better on Task 1 (the “encoding and retrieval task”) than on Task 2 (the “retrieval task”) in 
the TR condition, with 40% correct in Task 1 compared to 5% in Task 2. This suggests task 
effects unrelated to TR-related encoding and retrieval processes. However, despite 
performing better on Task 1, their 40% accuracy still indicates poor performance on 
TR, suggesting that their overall patterns of TR performance cannot be explained solely 
by task effects. Given the poor TR performance in Task 1 and the increased demands of 
Task 2 due to reasons unrelated to retrieval and encoding processes, along with the fact 
that both participants performed significantly better on past reference than on future 
reference in Task 1 (see Table 9), their overall patterns of TR performance may reflect 
a combination of TR-related encoding and retrieval deficits, which affect future reference 
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more than past reference, and the increased demands of Task 2, which are unrelated to 
the above deficits. Alternatively, GP6’s and EP7’s overall patterns of performance on TR 
could be attributed to the combined effects of a selective TR-related encoding deficit 
and a task effect unrelated to retrieval and encoding processes. The absence of 
a dissociation between past and future reference in Task 2 in both participants reflects 
floor effects as they both performed 5% correct in the TR condition of Task 2. The fact 
that, in both GP6 and EP7, Task 2’s increased demands emerged in TR but not in 
Agreement suggests that the latter morphosyntactic category was very easy for them 
(they performed 90–100% correct on Agreement in both tasks), so there was no bottle
neck effect for these participants in the Agreement condition of Task 2. (When bottle
neck effects emerge in this condition in Task 2, poor performance on Agreement reflects 
the combined effects of Task 2’s increased demands due to reasons unrelated to retrieval 
and encoding processes and the “psycholinguistic demands” that Agreement poses on 
participants’ processing system.)

EP5’s overall pattern of performance is similar to that of GP6 and EP7 except that he 
showed no dissociation between past and future reference. That is, not only for GP6 and 
EP7 but also for EP5 was Task 2 more difficult than Task 1 due to reasons unrelated to 
retrieval and encoding processes. This is so because he performed significantly worse on 
Task 2 than on Task 1. However, just like in GP6 and EP7, his performance in the TR 
condition of the “easier task” (i.e., Task 1) (55% correct) suggests that he had TR-related 
encoding and/or retrieval deficits. It is impossible to tease apart encoding and retrieval 
processes in EP5 because it is hard to estimate what his TR performance level in Task 2 
would be if the two tasks were equally demanding. Similar to GP6 and EP7, EP5’s overall 
performance pattern suggests either a combined TR-related encoding and retrieval deficit 
or a selective TR-related encoding deficit.

Other PWAs with unclear origins of their TR impairment include RP3, EP1, and EP6. 
Although they all fared comparably poorly in Task 1 and Task 2 in the TR condition 
(15–40% correct), which prima facie would suggest a selective TR-related retrieval deficit, 
their performances on Agreement show that, for them, Task 2 was much harder than Task 
1 due to reasons unrelated to retrieval and encoding processes (see Table 8 – although 
they performed 80–95% correct in the Agreement condition of Task 1, which equally 
tapped encoding and retrieval processes, they only performed 30–50% correct in the 
Agreement condition of Task 2, which predominantly tapped retrieval processes). This 
conclusion led us to speculate that, for these participants, if Task 2 is harder than Task 1 in 
the Agreement condition, the same should hold for the TR condition (see first paragraph 
of current subsection). Therefore, if the two tasks had been equally hard for these 
participants, their TR performance would have been better in Task 2 than in Task 1. 
However, we cannot estimate what their level of performance on Task 2 would be, 
which leaves us with two possibilities: If they performed at ceiling on Task 2, their better 
performance compared to Task 1 would suggest selective TR-related encoding deficits. 
Conversely, if their performance on Task 2 were relatively low but still significantly better 
than on Task 1, their overall performance pattern would indicate both TR-related encod
ing and retrieval deficits.

Performances in the Agreement condition reveal that Task 2 was more difficult 
than Task 1 also for GP2 and EP4 (see Table 8). It is uncertain whether GP2’s and EP4’s 
TR performance would have been higher in Task 2 than in Task 1 if the two tasks had 
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been equally hard, because they performed better in the TR condition of Task 1 (GP2: 
55% correct; EP4: 35% correct) than of Task 2 (GP2: 25% correct; EP4: 15% correct). 
We cannot rule out therefore any of the following explanations for GP2’s and EP4’s 
overall performance patterns: They might have had selective TR-related retrieval 
deficits (if they performed better in the TR condition of Task 2, though their TR 
performance in Task 2 remained relatively low and comparable to Task 1), or selec
tive TR-related encoding deficits (if they performed notably better in the TR condi
tion of Task 2, with their TR performance being high and significantly better than in 
Task 1).

Is the direction of past-future dissociations related to whether the source of the 
impairment is a selective encoding deficit or a selective retrieval deficit?

Of the six PWAs with clearly selective TR-related encoding deficits (i.e., GP3, GP4, RP5, RP7, IP1, 
and IP6), three (GP4, IP1 and IP6) exhibited dissociations between past and future reference. 
One (GP4) performed better on past than on future reference, and two (IP1 and IP6) exhibited 
the opposite pattern. Of the eight participants with clearly selective TR-related retrieval 
deficits (i.e., GP5, GP8, RP1, RP2, RP8, IP2, EP2 and EP3), only two (GP5 and EP3) displayed 
past-future dissociations. They both fared better on past than on future reference in Task 1 
and/or Task 2. Therefore, the present study does not lend empirical support to Fyndanis, 
Arcara, Capasso, et al.’s (2018) speculation that PWAs with selective TR-related retrieval 
deficits might be more impaired in past reference than in future reference, and PWAs with 
selective TR-related encoding deficits might be more impaired in future reference than in 
past reference. Relatedly, the double dissociation between past and future reference, which 
emerged in the PWAs with selective TR-related encoding deficits, contradicts the idea that 
the direction of past-future dissociations depends on whether, in a given PWA, the origin of 
impaired TR production is a selective encoding deficit or a selective retrieval deficit. This idea 
would be further challenged if we identified (in future research) PWAs with selective TR- 
related retrieval deficits performing worse on past than on future reference. Studies with 
larger numbers of PWAs would be better suited to further address this subsection’s question.

Other remarks

More past-future dissociations in Task 1 than in Task 2
Dissociations between past and future reference were more marked in Task 1 (N = 8) than 
in Task 2 (N = 3). In our view, this is because Task 1 is equally demanding for both encoding 
and retrieval processes, whereas Task 2 is more demanding for retrieval than for encoding 
processes. Given that there are selective TR-related encoding and retrieval deficits that may 
be specific to past reference or future reference, some PWAs exhibit past-future dissocia
tions because of encoding (and not retrieval) deficits differentially affecting past and future 
reference (e.g., GP4, IP1 and IP6 – see “PWAs with selective TR-related encoding deficits” 
subsection); others exhibit such dissociations because of retrieval (and not encoding) 
deficits differentially affecting the above time frames (e.g., GP5 and EP3 – see “PWAs 
with selective TR-related retrieval deficits” subsection); and others display past-future 
dissociations due to both encoding and retrieval deficits that differentially affect past 
and future reference (e.g., IP4 – see “PWAs with both TR-related encoding and retrieval 

APHASIOLOGY 27



deficits” subsection, as well as Table 9). Due to its design features and inclusive nature, Task 
1 is better suited than Task 2 to capture past-future dissociations across all three of the 
aforementioned “deficit types”. In contrast, Task 2 is more likely to capture past-future 
dissociations related to retrieval deficits that differentially affect the time frames under 
investigation, rather than those related to encoding deficits.

Is the direction of the dissociation between past and future reference dependent on 
the language?
All three Italian-speaking PWAs who exhibited dissociations between past and future 
reference (IP1, IP4 and IP6) performed better on future than on past reference. In contrast, 
all seven Greek-, Russian- and English-speaking PWAs that showed dissociations between 
past and future reference (GP1, GP4, GP5, GP6, RP3, EP3, EP7) performed worse on future 
than on past reference. However, given the small numbers of PWAs in each language, 
these results may not be representative of the whole populations of Italian-, Greek-, 
Russian- and English-speaking PWAs. In Fyndanis, Arcara, Capasso, et al. (2018), for 
example, a double dissociation in Greek aphasia was observed; one participant (P4) 
performed better on past reference than on future reference, while another participant 
(P6) performed worse on past reference than on future reference. Future studies on each 
of the above languages, with sufficiently large numbers of PWAs, should further explore 
whether the direction of the dissociation between past and future reference depends on 
the specific language.

Relation between aphasia type and TR deficits
The present study demonstrates that impaired TR production is observed in both non
fluent and fluent aphasia (for nonfluent participants with severe TR deficits, see GP2, GP3, 
GP4, GP5, RP2, RP3, RP4, RP8, IP1, IP2, IP3, IP4, IP5, IP6 and EP5; and for fluent participants 
with severe TR deficits, see GP6, EP1, EP2, EP3, EP4, EP6 and EP7). This is in line with Bos 
and Bastiaanse (2014), Fyndanis, Arcara, Capasso, et al. (2018) and Cordonier et al. (2024).

Moreover, of the eight PWAs with selective TR-related retrieval deficits, five had been 
diagnosed with nonfluent aphasia (i.e., GR5, RP1, RP2, RP8, IP2), and three with fluent 
aphasia (i.e., GP8, EP2 and EP3). All six PWAs with selective TR-related encoding deficits 
had been diagnosed with nonfluent aphasia. Nevertheless, this finding does not necessa
rily mean that selective TR-related encoding deficits are only observed in nonfluent 
aphasia; in our study, the sample size was relatively small (N = 29) and there was an 
uneven distribution of participants with nonfluent aphasia (N = 20) and participants with 
fluent aphasia (N = 9). This lack of balance between nonfluent and fluent participants may 
have biased the results.

Were there task order effects?
As mentioned in the Methods section, we kept the task order constant; all participants first 
completed the non-transformational sentence completion task (Task 2), and then the 
transformational sentence completion task (Task 1). Since all 12 PWAs who exhibited 
between-task dissociations in the Agreement condition performed worse in Task 2 than in 
Task 1 (see Table 8), one could ask if task order rendered Task 2 more difficult than Task 1. 
In our view, the order in which the tasks were administered did not significantly affect 
participants’ performance for the following reason: of the nine PWAs who exhibited 
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between-task dissociations in the TR condition, four participants (GP4, IP3, IP4 and IP6) 
performed better on Task 2 than on Task 1, and five participants (GP1, GP6, RP6, EP5 and 
EP7) performed better on Task 1 than on Task 2 (see Table 8). That is, despite the fixed 
order of Task 1 and Task 2 across participants, a double dissociation emerged between the 
two tasks in the TR condition, unlike in the Agreement condition. Since task order was 
constant, this result could not be attributed to task order effects.

To the best of our knowledge, this is the first study to propose an experimental design 
that enables teasing apart TR-related encoding deficits and TR-related retrieval deficits. 
This is a significant methodological advancement as the proposed design can be applied 
not only to PWAs with impaired production of TR, but in general to individuals with 
language disorders and neurotypical older individuals who have difficulty producing any 
verb-related morphosyntactic/morphosemantic category. Production of grammatical 
aspect, for example, has been reported to be impaired in Greek aphasia, dementia of 
the Alzheimer type, multiple sclerosis, and mild cognitive impairment (Fyndanis et al.,  
2012, 2013, 2020, 2022; Fyndanis, Arcara, Capasso, et al., 2018; Manouilidou et al., 2020; 
Nanousi et al., 2006; Varlokosta et al., 2006). The proposed design, therefore, allows the 
clinician to make more detailed assessments of their clients’ morphosyntactic abilities and 
more precise diagnoses of the nature of each morphosyntactic deficit. Locating the exact 
source of each client’s morphosyntactic deficit with precision could in turn lead to better- 
informed and, thus, more efficacious treatment programs for individuals with impaired 
verb-related morphosyntactic production.

In conclusion, we provided cross-linguistic evidence that the experimental design 
proposed here permits teasing apart selective TR-related encoding deficits and selective 
TR-related retrieval deficits. This design is clinically relevant as it enables a more precise 
psycholinguistic assessment regarding the ability of PWAs to produce TR, and helps the 
clinician identify the specific source of the TR production impairment for each PWA. 
Future translational research should focus on developing treatment programs that 
would target selective TR-related encoding deficits or TR-related retrieval deficits.

Limitations of the study
In all four languages represented in the present study, the healthy control participants 
outperformed the PWAs, and between-task dissociations emerged in several PWAs, which 
demonstrates that the proposed experimental design is sensitive to TR production 
impairments, as well as to the differential impact of TR-related encoding vs. retrieval 
demands and to task effects. However, the tasks included in the proposed experimental 
design would be more sensitive if they consisted of more items – if, for example, either 
condition (i.e., TR condition and subject-verb Agreement condition) included 30 or 40 
instead of 20 items. Arguably, this would permit more between-task dissociations to be 
detected, which would presumably lead to a more accurate diagnosis regarding the locus 
of impairment in TR production for each PWA.

Conclusions

This study aimed at teasing apart TR-related encoding deficits and TR-related retrieval 
deficits in aphasia. To this end, we developed two sentence completion tasks (one 
transformational and one non-transformational) that were administered to Greek, 
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Russian, Italian and English-speaking PWAs. The results provided cross-linguistic evidence 
that the proposed experimental design provides a sound basis for disentangling TR- 
related encoding deficits from TR-related retrieval deficits. This is evidenced by the fact 
that the pattern of performance of some PWAs on the two tasks suggests that these 
participants had selective TR-related encoding deficits, whereas the pattern of perfor
mance of other PWAs points to selective TR-related retrieval deficits. This is the first study 
to propose an experimental design that enables teasing apart TR-related encoding 
deficits and TR-related retrieval deficits. This experimental design could be adapted to 
tease apart encoding and retrieval processes involved in the production of other mor
phosyntactic/morphosemantic categories that have been found to be prone to impair
ment in aphasia and related disorders, as well as in healthy aging (e.g., grammatical 
aspect). The proposed design, therefore, enables clinicians to conduct in-depth evalua
tions of their clients’ morphosyntactic skills, facilitating more accurate diagnoses of the 
specific nature of each morphosyntactic impairment. Pinpointing the precise origin of 
a client’s morphosyntactic deficits has the potential to enhance the development of well- 
informed and consequently more effective treatment programs targeting morphosyntac
tic/morphosemantic impairments.

Notes

1. Similar error types were reported in Faroqi-Shah and Thompson (2004) and Lee et al. (2008).
2. As mentioned above, it has been argued that, unlike reference to the non-past, reference to 

the past is discourse linked (Zagona, 2003, 2013). Moreover, since reference to the future 
refers to possible worlds, it involves more abstract representations as compared to reference 
to the past.

3. In the production segment of the TART, participants are presented with two horizontally 
arranged pictures, each accompanied by the infinitival form of a verb. The experimenter 
initially directs attention to the picture on the left, providing a description (e.g., For this 
picture, you can say the man just ate an apple), then shifts to the picture on the right and 
initiates its description. At a certain point, the experimenter interrupts the utterance, and the 
participant is instructed to complete it by producing the missing verb phrase, which includes 
the target finite verb form (e.g., For this picture, you can say the man just. . . [target: . . .peeled 
an apple]).

4. In Greek, there are no infinitives.
5. As mentioned in Fyndanis et al. (2013), when the target verb form is in 2nd person––and 

therefore when the cue is a personal pronoun in 2nd person (you in English)––some partici
pants often interpret the cue/personal pronoun you included in the target sentence as an 
invitation to speak about themselves, which leads in their producing verb forms in 1st person 
and singular number, as if they conversed with the examiner. Likewise, when the target 
sentence includes the cue I, some participants often produce verb forms in 2nd person and 
singular number. Such errors, therefore, are conversation-type errors and not genuine 
agreement errors, as they result from violation of the task instructions.

6. As detailed above, in Task 2, participants are first cross-modally presented with the citation 
form of the target verb and its internal argument (object). They then listen to a source 
sentence containing a different verb while continuing to view the target verb and its internal 
argument on a computer screen. Finally, they listen to the beginning of the target sentence 
and must complete it by producing the appropriate form of the target verb and its internal 
argument. In contrast, Task 1 is more intuitive. It involves listening to a source sentence and 
the beginning of a target sentence, and then completing the target sentence by producing 
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a different form of the verb included in the source sentence, along with its internal argument, 
which also appears in the source sentence.

7. Base infinitives are defined as infinitives without to.
8. EP1 showed a between-task dissociation in the Agreement condition only based on scoring 

method 1 (see Scoring Criteria subsection).

Acknowledgements

We extend our gratitude to the participants of this study and to Fabiana Galiussi for her 
contributions to data transcription and scoring. We also thank the audiences of the 60th 

Academy of Aphasia Annual Meeting (23–25 October 2022, Philadelphia and Online), the 42nd 

Annual Meeting of the Department of Linguistics, School of Philosophy, Aristotle University of 
Thessaloniki (5–8 May 2022, Virtual Event), and the e-Seminars organized by the Department of 
Linguistics, School of Philology, National and Kapodistrian University of Athens, where 
a previous version of this work was presented (16 November 2022). Finally, we are grateful to 
the two anonymous reviewers for their valuable comments and suggestions, which greatly 
improved earlier drafts of this paper.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was partly supported by the Research Council of Norway through its Centers of Excellence 
funding scheme [project number 223265] and FRIPRO funding scheme [project number 287745]. 
The contribution of Olga Buivolova and Olga Dragoy was also supported by the Basic Research 
Program at the National Research University Higher School of Economics.

ORCID

Valantis Fyndanis http://orcid.org/0000-0001-9403-3468

References

Akhutina, T. (2016). Luria’s classification of aphasias and its theoretical basis. Aphasiology, 30(8), 
878–897. https://doi.org/10.1080/02687038.2015.1070950  

Bastiaanse, R. (2008). Production of verbs in base position by Dutch agrammatic speakers: Inflection 
versus finiteness. Journal of Neurolinguistics, 21(2), 104–119. https://doi.org/10.1016/j.jneuroling. 
2006.10.006  

Bastiaanse, R., Bamyaci, E., Hsu, C., Lee, J., Yarbay Duman, T., & Thompson, C. K. (2011). Time 
reference in agrammatic aphasia: A cross-linguistic study. Journal of Neurolinguistics, 24(6), 
652–673. https://doi.org/10.1016/j.jneuroling.2011.07.001  

Bastiaanse, R., Jonkers, R., & Thompson, C. K. (2008). Test for Assessment of Reference of Time (TART). 
University of Groningen.

Bock, J. K., & Levelt, W. J. M. (2002). Language production: Grammatical encoding. In G. T. M. Altmann 
(Ed.), Psycholinguistics: Critical concepts in psychology (Vol. 5, pp. 405–452). Routledge.

Bos, L., & Bastiaanse, R. (2014). Time reference decoupled from tense in agrammatic and fluent 
aphasia. Aphasiology, 28(5), 533–553. https://doi.org/10.1080/02687038.2014.886322  

APHASIOLOGY 31

https://doi.org/10.1080/02687038.2015.1070950
https://doi.org/10.1016/j.jneuroling.2006.10.006
https://doi.org/10.1016/j.jneuroling.2006.10.006
https://doi.org/10.1016/j.jneuroling.2011.07.001
https://doi.org/10.1080/02687038.2014.886322


Celle, A., & Smith, N. (2010). Beyond aspect: Will be-ing and shall be-ing. English Language and 
Linguistics, 14(2), 239–269. https://doi.org/10.1017/S1360674310000079  

Comrie, B. (1976). Aspect: An introduction to the study of verbal aspect and related problems. 
Cambridge University Press.

Cordonier, N., Schaffner, E., Zeroual, L., & Fossard, M. (2024). Time reference in aphasia: Are there 
differences between tenses and aphasia fluency type? A systematic review and individual 
participant data meta-analysis. Frontiers in Psychology, 15, 1322539. https://doi.org/10.3389/ 
fpsyg.2024.1322539  

Crawford, J. R., & Garthwaite, P. H. (2002). Investigation of the single case in neuropsychology: 
Confidence limits on the abnormality of test scores and test score differences. Neuropsychologia, 
40(8), 1196–1208. https://doi.org/10.1016/S0028-3932(01)00224-X  

Crawford, J. R., & Garthwaite, P. H. (2012). Single-case research in neuropsychology: A comparison of 
five forms of t-test for comparing a case to controls. Cortex, A Journal Devoted to the Study of the 
Nervous System and Behavior, 48(8), 1009–1016. https://doi.org/10.1016/j.cortex.2011.06.021  

Crawford, J. R., Garthwaite, P. H., & Porter, S. (2010). Point and interval estimates of effect sizes for the 
case-controls design in neuropsychology: Rationale, methods, implementations, and proposed 
reporting standards. Cognitive Neuropsychology, 27(3), 245–260. https://doi.org/10.1080/ 
02643294.2010.513967  

Crawford, J. R., & Howell, D. C. (1998). Comparing an individual’s test score against norms derived 
from small samples. The Clinical Neuropsychologist, 12(4), 482–486. https://doi.org/10.1076/clin. 
12.4.482.7241  

Dragoy, O., & Bastiaanse, R. (2013). Aspects of time: Time reference and aspect production in Russian 
aphasic speakers. Journal of Neurolinguistics, 26(1), 113–128. https://doi.org/10.1016/j.jneuroling. 
2012.05.003  

Faroqi-Shah, Y. (2006). Relation between temporal adverbs and verb morphology in agrammatic 
aphasia. Poster presentation at CUNY Sentence Processing Conference, New York, USA.

Faroqi-Shah, Y., & Thompson, C. K. (2004). Semantic, lexical, and phonological influences on the 
production of verb inflections in agrammatic aphasia. Brain and Language, 89(3), 484–498.  
https://doi.org/10.1016/j.bandl.2003.12.006  

Faroqi-Shah, Y., & Thompson, C. K. (2007). Verb inflections in agrammatic aphasia: Encoding of tense 
features. Journal of Memory and Language, 56(1), 129–151. https://doi.org/10.1016/j.jml.2006.09. 
005  

Freud, T., Vostrikov, A., Dwolatzky, T., Punchik, B., & Press, Y. (2020). Validation of the Russian version 
of the MoCA test as a cognitive screening instrument in cognitively asymptomatic older indivi
duals and those with mild cognitive impairment. Frontiers in Medicine, 7, 447. https://doi.org/10. 
3389/fmed.2020.00447  

Friedmann, N., & Grodzinsky, Y. (1997). Tense and agreement in agrammatic production: Pruning the 
syntactic tree. Brain and Language, 56(3), 397–425. https://doi.org/10.1006/brln.1997.1795  

Fussi, F., & Cantagallo, A. (1997). Profilo di valutazione della disartria. Omega.
Fyndanis, V., Arcara, G., Capasso, R., Christidou, P., de Pellegrin, S., Gandolfi, M., Messinis, L., 

Panagea, E., Papathanasopoulos, P., Smania, N., Semenza, C., Miceli, G. (2018). Time reference in 
nonfluent and fluent aphasia: A cross-linguistic test of the PAst DIscourse LInking hypothesis. 
Clinical Linguistics & Phonetics, 32(9), 823–843. https://doi.org/10.1080/02699206.2018.1445291  

Fyndanis, V., Arcara, G., Christidou, P., & Caplan, D. (2018). Morphosyntactic production and verbal 
working memory: Evidence from Greek aphasia and healthy aging. Journal of Speech, Language, & 
Hearing Research, 61(5), 1171–1187. https://doi.org/10.1044/2018_JSLHR-L-17-0103  

Fyndanis, V., Manouilidou, C., Koufou, E., Karampekios, S., & Tsapakis, E. M. (2013). Agrammatic 
patterns in Alzheimer’s disease: Evidence from tense, agreement, and aspect. Aphasiology, 27, 
178–200. https://doi.org/10.1080/02687038.2012.705814  

Fyndanis, V., Masoura, E., Malefaki, S., Chatziadamou, E., Dosi, I., & Caplan, D. (2022). The role of 
working memory, short-term memory, speed of processing, education, and locality in 
verb-related morphosyntactic production: Evidence from Greek. Frontiers in Psychology, 13, 
851440. https://doi.org/10.3389/fpsyg.2022.851440  

32 V. FYNDANIS ET AL.

https://doi.org/10.1017/S1360674310000079
https://doi.org/10.3389/fpsyg.2024.1322539
https://doi.org/10.3389/fpsyg.2024.1322539
https://doi.org/10.1016/S0028-3932(01)00224-X
https://doi.org/10.1016/j.cortex.2011.06.021
https://doi.org/10.1080/02643294.2010.513967
https://doi.org/10.1080/02643294.2010.513967
https://doi.org/10.1076/clin.12.4.482.7241
https://doi.org/10.1076/clin.12.4.482.7241
https://doi.org/10.1016/j.jneuroling.2012.05.003
https://doi.org/10.1016/j.jneuroling.2012.05.003
https://doi.org/10.1016/j.bandl.2003.12.006
https://doi.org/10.1016/j.bandl.2003.12.006
https://doi.org/10.1016/j.jml.2006.09.005
https://doi.org/10.1016/j.jml.2006.09.005
https://doi.org/10.3389/fmed.2020.00447
https://doi.org/10.3389/fmed.2020.00447
https://doi.org/10.1006/brln.1997.1795
https://doi.org/10.1080/02699206.2018.1445291
https://doi.org/10.1044/2018_JSLHR-L-17-0103
https://doi.org/10.1080/02687038.2012.705814
https://doi.org/10.3389/fpsyg.2022.851440


Fyndanis, V., Messinis, L., Nasios, G., Dardiotis, E., Martzoukou, M., Pitopoulou, M., Ntoskou, A., & 
Malefaki, S. (2020). Impaired verb-related morphosyntactic production in multiple sclerosis: 
Evidence from Greek. Frontiers in Psychology, 11, 2051. https://doi.org/10.3389/fpsyg.2020.02051  

Fyndanis, V., Varlokosta, S., & Tsapkini, K. (2012). Agrammatic production: Interpretable features and 
selective impairment in verb inflection. Lingua, 122(10), 1134–1147. https://doi.org/10.1016/j. 
lingua.2012.05.004  

Gavarró, A., & Martínez-Ferreiro, S. (2007). Tense and agreement impairment in Ibero–romance. 
Journal of Psycholinguistic Research, 36(1), 25–46. https://doi.org/10.1007/s10936-006-9031-x  

Goodglass, H., Kaplan, E., & Barresi, B. (2001). Boston diagnostic aphasia examination: Short form 
record booklet (3rd ed.). Lippincott Williams and Wilkins.

Jonkers, R., & De Bruin, A. (2009). Tense processing in Broca’s and Wernicke’s aphasia. Aphasiology, 
23, 1252–1265. https://doi.org/10.1080/02687030802289192  

Kertesz, A. (2007). Western aphasia battery-revised. The Psychological Corporation.
Kljajevic, V., & Bastiaanse, R. (2011). Time reference in fluent aphasia: Evidence from Serbian. In 

A. Vatakis, A. Esposito, M. Giagkou, F. Cummins, & G. Papadelis (Eds.), Multidisciplinary aspects of 
time and time perception (Vol. 6789, pp. 258–274). Springer.

Kok, P., van Doorn, A., & Kolk, H. (2007). Inflection and computational load in agrammatic speech. 
Brain and Language, 102(3), 273–283. https://doi.org/10.1016/j.bandl.2007.03.001  

Koukoulioti, V., & Bastiaanse, R. (2020). Time reference in aphasia: Evidence from Greek. Journal of 
Neurolinguistics, 53, 100872. https://doi.org/10.1016/j.jneuroling.2019.100872  

Lapointe, S. G. (1985). A theory of verb form use in the speech of agrammatic aphasics. Brain and 
Language, 24(1), 100–155. https://doi.org/10.1016/0093-934X(85)90100-2  

Lee, J., Milman, L. H., & Thompson, C. K. (2008). Functional category production in English 
agrammatism. Aphasiology, 22(7–8), 893–905. https://doi.org/10.1080/02687030701865670  

Levelt, W. J. M. (1999). Producing spoken language: A blueprint of the speaker. In C. M. Brown & 
P. Hagoort (Eds.), The neurocognition of language (pp. 83–122). Oxford University Press.

Luzzatti, C., Willmes, W., & de Bleser, R. (1996). Aachener Aphasia Test (AAT): Versione Italiana (2nd 
ed.). Organizzazioni Speciali.

Manouilidou, C., Roumpea, G., Nousia, A., Stavrakaki, S., & Nasios, G. (2020). Revisiting aspect in mild 
cognitive impairment and Alzheimer’s disease: Evidence from Greek. Frontiers in Communication, 
5, 434106. https://doi.org/10.3389/fcomm.2020.434106  

Martínez-Ferreiro, S., & Bastiaanse, R. (2013). Time reference in Spanish and Catalan non fluent 
aphasia. Lingua, 137, 88–105. https://doi.org/10.1016/j.lingua.2013.09.003  

Messinis, L., Panagea, E., Papathanasopoulos, P., & Kastellakis, A. A. (2013). The assessment of aphasia 
and related disorders: Adaptation and validation of the boston diagnostic aphasia examination– 
short form in Greek. Gotsis.

Nanousi, V., Masterson, J., Druks, J., & Atkinson, M. (2006). Interpretable vs. uninterpretable features: 
Evidence from six Greek-speaking agrammatic patients. Journal of Neurolinguistics, 19(3), 
209–238. https://doi.org/10.1016/j.jneuroling.2005.11.003  

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., Whitehead, V., Collin, I., 
Cummings, J. L., & Chertkow, H. (2005). The montreal cognitive assessment, MoCA: A brief 
screening tool for mild cognitive impairment. Journal of the American Geriatrics Society, 53(4), 
695–699. https://doi.org/10.1111/j.1532-5415.2005.53221.x  

Nerantzini, M., Papakyritsis, I., & Varlokosta, S. (2020). Time reference and tense marking in Greek 
agrammatism: Evidence from narratives and a sentence production priming task. Aphasiology, 34 
(8), 1043–1069. https://doi.org/10.1080/02687038.2019.1693028  

Pizzuto, E., & Caselli, M. C. (1994). The acquisition of Italian verb morphology in a cross-linguistic 
perspective. In Y. Levy (Ed.), Other children, other languages: Issues in the theory of language 
acquisition (pp. 137–188). Lawrence Erlbaum Associates.

Poptsi, E., Moraitou, D., Eleftheriou, M., Kounti-Zafeiropoulou, F., Papasozomenou, C., Agogiatou, C., 
& Tsolaki, M. (2019). Normative data for the montreal cognitive assessment in Greek older adults 
with subjective cognitive decline, mild cognitive impairment and dementia. Journal of Geriatric 
Psychiatry and Neurology, 32(5), 265–274. https://doi.org/10.1177/0891988719853046  

APHASIOLOGY 33

https://doi.org/10.3389/fpsyg.2020.02051
https://doi.org/10.1016/j.lingua.2012.05.004
https://doi.org/10.1016/j.lingua.2012.05.004
https://doi.org/10.1007/s10936-006-9031-x
https://doi.org/10.1080/02687030802289192
https://doi.org/10.1016/j.bandl.2007.03.001
https://doi.org/10.1016/j.jneuroling.2019.100872
https://doi.org/10.1016/0093-934X(85)90100-2
https://doi.org/10.1080/02687030701865670
https://doi.org/10.3389/fcomm.2020.434106
https://doi.org/10.1016/j.lingua.2013.09.003
https://doi.org/10.1016/j.jneuroling.2005.11.003
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1080/02687038.2019.1693028
https://doi.org/10.1177/0891988719853046


Santangelo, G., Siciliano, M., Pedone, R., Vitale, C., Falco, F., Bisogno, R., & Trojano, L. (2015). 
Normative data for the montreal cognitive assessment in an Italian population sample. 
Neurological Sciences, 36(4), 585–591. https://doi.org/10.1007/s10072-014-1995-y  

Szagun, G. (1978). On the frequency of use of tenses in English and German children’s spontaneous 
speech. Child Development, 49, 898–901. https://doi.org/10.2307/1128267  

Varkanitsa, M., Kiran, S., & Willmes, K. (2023). Measures of language and communication. In 
G. J. Boyle, Y. Stern, D. J. Stein, B. J. Sahakian, C. J. Golden, T.-M.-C. Lee, & S.-H.-A. Chen (Eds.), 
The SAGE handbook of clinical neuropsychology (pp. 121–144). SAGE.

Varlokosta, S., Valeonti, N., Kakavoulia, M., Lazaridou, M., Economou, A., & Protopapas, A. (2006). The 
breakdown of functional categories in Greek aphasia: Evidence from agreement, tense, and 
aspect. Aphasiology, 20(8), 723–743. https://doi.org/10.1080/02687030500513703  

Vasserman, L. I., Dorofeeva, S. A., & Meerson, Y. A. (1997). Metody Neiropsikhologicheskoy Diagnostiki: 
Prakticheskoe Rukovodstvo [Neuropsychological assessment methods: Practical guide]. 
Stroylespechat.

Wenzlaff, M., & Clahsen, H. (2004). Tense and agreement in German agrammatism. Brain and 
Language, 89(1), 57–68. https://doi.org/10.1016/S0093-934X(03)00298-0  

Yarbay Duman, T., & Bastiaanse, R. (2009). Time reference through verb inflection in Turkish 
agrammatic aphasia. Brain and Language, 108(1), 30–39. https://doi.org/10.1016/j.bandl.2008. 
09.009  

Zagona, K. (2003). Tense and anaphora: Is there a tense-specific theory of coreference? In A. Barss 
(Ed.), Anaphora: A reference guide (pp. 140–171). Blackwell Publishing.

Zagona, K. (2013). Tense, aspect, and modality. In M. D. Dikken (Ed.), The cambridge handbook of 
generative syntax (pp. 746–792). Cambridge University Press.

34 V. FYNDANIS ET AL.

https://doi.org/10.1007/s10072-014-1995-y
https://doi.org/10.2307/1128267
https://doi.org/10.1080/02687030500513703
https://doi.org/10.1016/S0093-934X(03)00298-0
https://doi.org/10.1016/j.bandl.2008.09.009
https://doi.org/10.1016/j.bandl.2008.09.009


Appendix

Dissociations between Time Rereference and subject-verb Agreement (within-participant [with 
aphasia] and within-task comparisons using Fisher’s exact test) 

GP4: TR < Agreement in Task 1, p = .008
GP5: TR < Agreement in Task 2, p = .049
GP6: TR < Agreement in Task 1, p < .001
GP6: TR < Agreement in Task 2, p < .001
RP3: TR < Agreement in Task 1, p < .001
RP4: TR < Agreement in Task 1, p < .001
IP2: TR < Agreement in Task 1, p = .004
IP5: TR < Agreement in Task 1, p < .001
EP1: TR < Agreement in Task 1, p = .004
EP2: TR < Agreement in Task 2, p = .001
EP4: TR < Agreement in Task 1, p = .010
EP5: TR < Agreement in Task 1, p = .031
EP6: TR < Agreement in Task 1, p < .001
EP7:TR < Agreement in Task 1, p = .002
EP7:TR < Agreement in Task 2, p < .001
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