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A B S T R A C T

Several studies have shown selective deficits in the production and comprehension of verb forms
referring to the past. On the basis of this evidence the Past Discourse Linking Hypothesis
(Bastiaanse et al., 2011) suggests that individuals with aphasia have difficulties with verb forms
referring to the past, in comparison to non-past forms such as the present and the future.
However, many studies provide counterevidence. This study presents a review of the literature
and addresses the question of dissociation between the past and the non-past in aphasia in Greek,
a language which distinguishes among three past forms. A mixed group of eight individuals with
aphasia and a group of 10 non-brain-damaged speakers performed the two tasks of the Greek
version of the Test for Assessing Reference of Time (Bastiaanse, Jonkers, & Thompson, 2008): a
sentence completion task (primed by pictures) and a sentence-picture matching task. The sen-
tence completion task tested the present, future and three past tenses: past perfective, past im-
perfective and present perfect. The sentence-picture matching task tested past perfective, present
and future. The production data provide evidence for a deficit in the reference to the past but
they also suggest difficulties with the future. Interestingly, a dissociation among the three past
tenses tested was found. Above chance performance was found in comprehension across tenses.
We consider possible accounts of the data and we discuss the implications of these findings for
the Past Discourse Linking Hypothesis.

1. Introduction

The literature on aphasic language suggests that many speakers with aphasia after stroke suffer from morphosyntactic deficits,
manifesting as substitution of bound grammatical morphemes and omission of free grammatical morphemes and verbs. These deficits
are more pronounced in the so-called non-fluent/agrammatic aphasia, they also occur, however, in other types of aphasia. In the
aphasiological research, several hypotheses have been formulated in order to account for these deficits, ranging from problems in
phonological processing (Kean, 1977) to problems in information integration at the interface of syntax and semantics (e.g. Varlokosta
et al., 2006). A recent account of morphosyntactic deficits with verbs in agrammatic aphasia suggests that agrammatic speakers fail to
produce verb forms which refer to the past (Bastiaanse, 2013; Bastiaanse et al., 2011). Data from several languages, elicited by a test
developed with this aim, the Test for Assessing Reference of Time (henceforth TART, Bastiaanse, Jonkers, & Thompson, 2008),
support this hypothesis. In the present study we present the data collected with the Greek version of this test (Koukoulioti &
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Bastiaanse, 2008). Greek is an interesting language concerning this question because tense interacts with aspect and reference to the
past can be tested with (at least) three tenses: past perfective, past imperfective and present perfect. The present study has two
primary purposes: 1) to investigate production and comprehension of time reference by Greek-speaking individuals with aphasia and
2) to present data not only from individuals with agrammatic aphasia but also from individuals with anomic and Wernicke's aphasia,
who have not received that much attention in the literature. Additionally, the present study aims to contribute to the research on
inflection and time reference in aphasia by providing a review of the existing literature.

2. Aphasiological background - production and processing of past tense in aphasia

Broca's aphasia, is characterized by non-fluent speech, omissions of verbs and omissions or substitutions of grammatical mor-
phemes, simplified syntax (lack of embedded clauses, avoidance of verbs with complex argument structure). Concerning inflection, it
has been found that the deficit is more selective than a general failure of grammar: tense and aspect are more impaired than
agreement. The most prominent hypotheses on the morphological deficit attribute the problems either to the impaired syntactic
representations (e.g. Friedmann & Grodzinsky, 1997) or to the complexity of syntactic operations (Bastiaanse & van Zonneveld,
1998). According to the Tree Pruning Hypothesis (Friedmann & Grodzinsky, 1997) the syntactic tree is pruned and higher nodes are
unavailable in contrast to lower ones. Bastiaanse and van Zonneveld (1998, 2005) claim that structures with derived word order are
impaired in agrammatism—in Dutch, finite verbs in the matrix clause are in derived position and are vulnerable in Dutch agrammatic
speech. Other researchers account for the selective deficit with tense (and aspect) in terms of the distinction between interpretable
and uninterpretable features in the framework of the Minimalist Program (e.g. Fyndanis, Varlokosta, & Tsapkini, 2012; Nanousi,
Masterson, Druks, & Atkinson, 2006; Varlokosta et al., 2006; Wenzlaff & Clahsen, 2004). These hypotheses assume that interpretable
features (like tense) are underspecified which leads to tense and aspect errors.

More recently the inflection problem in aphasia has been found to be even more selective. In particular, Bastiaanse et al. (2011)
found in a cross-linguistic study that reference to the past is impaired independent of the grammatical means in which it is expressed
(e.g. simple inflected forms, periphrastic forms, or temporal adverbials). The deficit in the reference to the past is supposed to be due
to its contextual salience: events in the past have to be linked to the discourse, as the event time is not included in the speech time.
Difficulties with discourse-linked elements in Broca's aphasia go back to Avrutin (2006), who suggested that the language system is
distinguished into two different domains: the narrow and the discourse syntax. Whereas narrow syntax deals with dependencies
within sentence, discourse syntax concerns information structure. In terms of computational resources narrow syntax is less costly
and discourse syntax computationally more expensive, i.e. error prone in case of language disorders. When referring to the present,
speech time and event time overlap so there is no need for discourse linking. When referring to the past, the event time is outside the
speech time and is related to the discourse which is already built through the dialogue (cf. the difference between personal and
reflexive pronouns). Data supporting this hypothesis come from languages with different typological properties, such as Chinese,
English, Turkish (Bastiaanse et al., 2011) Indonesian (Anjarningsih, 2012), Dutch (Bos & Bastiaanse, 2014), and Swahili (Abuom &
Bastiaanse, 2013), (see Bastiaanse, 2013 for a review and below for more studies and details).

Avrutin (2006) formulated his hypothesis on the impairment of discourse-linked elements in order to interpret comprehension
data, therefore, it should be assumed that processing reference to the past is also impaired. Bastiaanse et al. (2011) report lower
performance in the comprehension of reference to the past compared to reference to the present, but the future is shown to be
impaired as well, contrary to the assumptions of PADILIH.

Problems with verb inflection have also been found in fluent aphasia. Fluent aphasia is characterized by normal (or excessive) speech
rate, phrase length and intonation. The term's use is not consistent across the literature and its usefulness also contested. This is due to the
fact that the term, “fluent aphasia” characterizes aphasia on the basis of speech features, which are independent from linguistic symptoms
or performance in comprehension2 (Edwards, 2005; Huber, Poeck, & Weniger, 2000). Fluent aphasia has been used as an umbrella term
for Wernicke's, anomic, transcortical sensory and conduction aphasia (Huber et al., 2000). Speech rate in Wernicke's aphasia is normal (or
even excessive) and intonation is also normal. Concerning language symptoms, individuals with Wernicke's aphasia produce many
phonological and semantic paraphasias (in severe cases jargon) and have problems producing grammatically well-formed sentences
(paragrammatism). Moreover, they face severe problems in comprehension. Wernicke's aphasia has been contrasted with Broca's aphasia
in terms of lesion site, fluency and deficits in production and comprehension. However, there is still a need for a satisfying definition of
Wernicke's aphasia and distinction between Broca's and Wernicke's aphasia (De Bleser, 1987 for a historical review of the notions of
agrammatism and paragrammatism; Edwards, 2005). Anomic aphasia, the other fluent aphasia type relevant for the present study, is
characterized by intact sentence production and comprehension with the basic symptom being difficulties in word finding, phonemic and
semantic paraphasias. Often the word-finding difficulties affect speech rate.

The grammatical deficit and the inflection problems in fluent aphasia have received much less attention than in non-fluent
aphasia. The problems have been attributed to a general cognitive deficit (Butterworth & Howard, 1987) or to a deficit to integrate
syntactic and lexical computations (e.g. Bastiaanse & Edwards, 2004). Bastiaanse and Edwards (2004) suggest that morphosyntactic
problems in Wernicke's aphasia are due to difficulties to integrate word retrieval and grammatical operations. With respect to time
reference, Jonkers and de Bruin (2009) compared production and comprehension of present and past and found that individuals with

2 Following this view, in the present study we used the linguistic symptoms as criterion in order to allocate the patients into different aphasia types
(for details see section 4.2.1.) rather than fluency. We use the term fluent aphasia when reviewing previous studies, following the authors' ter-
minologies.
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both Broca's and Wernicke's aphasia had more problems with reference to the past than reference to the present; with the difference
being significant only in comprehension. Bos and Bastiaanse (2014), who reported similar results, compared production of past and
present with the Dutch version of the TART. They found that subjects with both agrammatic non-fluent and fluent aphasia were more
impaired in the past than in the present condition, but the groups produced different error types. Individuals with Broca's aphasia
substituted past forms (simple past) with other forms that refer to the past more infrequently in comparison to individuals with fluent
aphasia. The researchers suggest that the different error types point to different underlying deficits: speakers with agrammatic
aphasia avoid reference to the past and speakers with fluent aphasia, being challenged by the discourse-linking required in producing
past forms, face retrieval problems. Kljajevic and Bastiaanse (2011) tested Serbian individuals with fluent aphasia and confirmed
difficulties in the production of past tense. Additionally, they report that errors for non-past targets consisted mainly of substitutions
with non-past forms, whereas errors for past targets were substitutions with non-past forms. Concerning comprehension, Kljajevic
and Bastiaanse (2011) report selective impairment with comprehension of the future tense.

Dragoy and Bastiaanse (2013) also report problems with reference to the past in Russian, but they found an interaction of
reference to the past with aspect, which seems to relativize the reference to the past deficit. They tested perfective and imperfective
verb forms (which have different entries in the dictionary in Russian) in past and non-past. There was a general deficit with reference
to the past for both fluent and non-fluent subgroups. Nevertheless, reference to the past was less impaired than reference to the non-
past for perfective verbs, and the opposite held for imperfect verbs.

Whereas data acquired with the TART are relatively consistent with respect to reference to the past, this is not the case with
reference to the future. According to Zagona (2003, 2013) the future refers to events that have not happened yet and might never
happen. In this respect the future cannot be discourse-linked and according to the PADILIH, it should be preserved in (agrammatic)
aphasia. Bastiaanse et al. (2011) report good performance in the production of the future for English, Turkish and Chinese. Yarbay
Duman and Bastiaanse (2009) also found better performance in the future than in the past for agrammatic speakers of Turkish. The
findings of Martínez-Ferreiro and Bastiaanse (2013) are more contradictory, as they found that the future was the best preserved
tense for the Catalan-speaking individuals with non-fluent aphasia of their study, but they also found low performance in the future
for their Spanish-speaking individuals with non-fluent aphasia. Rofes, Bastiaanse, and Martínez-Ferreiro (2014) examined the use of
the future and the two conditional forms in Catalan, one (the simple) referring to the future and one (the periphrastic) referring to the
past, by testing a group of individuals with non-fluent aphasia (Broca's, transcortical motor and global). All forms were relatively
impaired, but in irrealis reference to the past is more impaired, i.e. the periphrastic form was more difficult than the future and the
simple conditional. Note that irrealis conditional clauses “fall under the scope of non-fact modality […] they, thus have no truth
value.” (Givón, 2001, p. 331). However, the performance in the future was impaired as well (mean performance 53.5%).

Several other studies report no dissociation among time frames. Wenzlaff and Clahsen (2004) failed to find dissociation between the
past and non-past in a forced-choice completion task for a group of seven agrammatic individuals. Similar results are reported by Clahsen
and Ali (2009) for a group of English-speaking agrammatic patients. Wenzlaff and Clahsen (2004) as well as Clahsen and Ali (2009) failed
to find a dissociation between past and present in grammaticality judgment tasks as well, which tap into tense processing rather than
production. Importantly, Faroqi-Shah and Friedman (2015) performed a meta-analysis and provided evidence that the past/non-past
dissociation is a task-specific effect, due to the higher computational load of a picture description task. Moreover, they conducted a
version of sentence production with a picture description task and they did not find any dissociation between different time frames.

Concerning Greek-speaking individuals with agrammatic aphasia, Stavrakaki and Kouvava (2003) report selective difficulties
with the past perfective in comparison to the present but also the past imperfective in the spontaneous speech of two agrammatic
speakers and the preserved use of the future. Despite the impairment in production the agrammatic speakers of Stavrakaki and
Kouvava (2003) manifested very high sensitivity to the grammaticality of past tense marking. Nanousi et al. (2006), however,
reported selective difficulties with the past perfective as well as the future in comparison to the past imperfective and the present in a
sentence transformation task. Fyndanis et al. (2012), on the other hand, found that the present was especially impaired (presumably
due to inappropriate cueing adverbials) and found no dissociation between the past and the future for two agrammatic patients. In a
very recent study, Fyndanis, Arcara, Christidou, and Caplan (2018) did not find a past/non-past dissociation in a group of eight
patients with agrammatic aphasia. Similarly, Fyndanis, Varlokosta, and Tsapkini (2013) report no dissociation among the past,
present and future in a sentence-picture matching and a grammaticality judgment task for three agrammatic individuals.

With respect to non-agrammatic aphasia in Greek, Varlokosta et al. (2006) report problems with future and equal difficulties in
perfective and imperfective aspect for a mixed group of individuals with aphasia (one individual with anomia, four individuals with
non-fluent aphasia, one individual with fluent aphasia, with grammatical deficits and one individual with Wernicke's aphasia) in a
sentence completion task. Koukoulioti (2013) applied a similar task and provided evidence for an interrelation between time re-
ference, grammatical and lexical aspect in a sentence completion task. Finally, Koukoulioti and Stavrakaki (2014) report that while
the production of the past tense did not affect verb retrieval in a mixed group of individuals with aphasia, it did have a detrimental
effect for one agrammatic patient, who made both inflection and lexical errors, in a sentence production with a video description task.
Table 1 summarizes the findings of the studies which address the difference between time frames concerning the modality tested, the
type of aphasia, the language and the method used.

3. Theoretical background – verb inflection in Modern Greek

As mentioned above, the verb in Greek is inflected for tense and aspect. With respect to tense, “the verb forms differentiate only
between past and non-past.” (Holton, Mackridge, & Philippaki-Warburton, 2004, p. 118). Three aspects are distinguished in Greek: 1) the
imperfective (the event is described as in progress or taking place repeatedly) 2) the perfective (the event is described as completed) and
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3) perfect (the event is described as completed in the past but with relevance for some other subsequent point of time).
The present tense is always imperfective3 and refers to the present, to an eventuality that is in progress and happens at the time of

utterance, or in a time span, in which the time of utterance is included (e.g. this month, this year, etc) or is iterated up to a time span in
which the time of utterance is included (e.g. Every summer I travel to Athens). The past perfective and past imperfective refer to the past and
describe an event as bounded and unbounded, respectively. Unbounded are eventualities which are “ongoing at an interval”, whereas
bounded are eventualities which are “contained in an interval and as such they have reached an endpoint or they are terminated” (Iatridou,
Anagnostopoulou, & Izvorski, 2003, p. 155). In terms of morphology, the present and past imperfective share the same imperfective stem
(e.g. δen-of verb δeno ‘tie’), whereas the past perfective is formed by the perfective stem (e.g. δes-of verb δeno) (see Table 2).

In the current study, we tested two periphrastic verb forms, the future and the present perfect. The future is formed by the
particle4 θa ‘will/shall’, the future reading of which is one of its various (modal) readings (Roussou & Tsangalidis, 2010; Tsangalidis,
1999) as the interpretation of θα depends on the temporal and aspectual features of the verb form with which it is combined. θa
combined with the dependent form expresses exclusively futurity (θa δes-o ‘I will/shall tie’), whereas combined with –past/-per-
fective forms it can convey either futurity or an epistemic statement about the present (probability). The particle θa can also be
combined with [+past] form referring to past events (such as epistemic assertions about the past). Tsangalidis (1999) argues that the
dependent form has a non-specific, non-past time reference and, combined with θa, it can only convey futurity. Consequently,
whether a periphrasis with θa receives a temporal location or not depends on the processing of the inflected verb.

The second periphrastic tense tested is the present perfect. Present perfect is formed by the present tense of exo ‘have’ and the non-
finite form which consists of the perfective stem and the suffix –i, e.g. exo δesi ‘I have tied’. The perfect is a special form as it is not
clear whether it is a tense or an aspect. One of the two uses of present perfect in Greek, the experiential perfect denotes that a person
has a certain experience, e.g. Exo oδijisei antika δio fores ‘I have driven an old-timer twice’. The other use, the perfect of result can be
combined only with telic events and denotes that an eventuality took place, e.g. Exo xasi ta jialia mu ‘I have lost my glasses’ (the
example from Iatridou et al., 2003). Moser (2003) claims that the present perfect in Modern Greek is idiosyncratic in the sense that
“its relationship with the present is rather tenuous” (p. 236) and that actually the past perfective and the present perfect are in most
cases interchangeable in Modern Greek. The difference between the two forms is in the remoteness. Specifically, Moser suggests that
the present perfect denotes anteriority and she proposes a continuum in the forms referring to the past. In her view, “the perfect
describes an event more remote than the aorist,5 and the past perfect an event more remote than the perfect” (Moser, 2003, p. 244).

Veloudis (1990, 2003) rejects a temporal meaning of the present perfect and suggests that the present perfect makes an anaphoric
reference, in the sense that it extracts a piece of shared knowledge (e.g. a situation, an event) between the speaker and the hearer. In
particular, the present perfect appeals to a situation and does not describe it, which is what the simple past does. Veloudis (1990)
explicates this claim by suggesting that the present perfect is the grammatical means of conveying a conventional implicature.
Conventional implicatures are non-truth-conditional (Levinson, 1983). Thus, the truth value of a proposition which describes an
event in the present perfect cannot be judged as true/false, rather it is inferred by a proposition which describes the same event in
past tense (e.g. John has run vs John ran). In sum, present perfect is more complex than the other tenses tested in this study, as it is
morphologically a non-past form (see Table 2), which makes assertions about the present time on the basis of past events.

4. The present study

4.1. Aims and predictions

The aim of the present study is to investigate production and comprehension of time reference in individuals with aphasia.
Although the hypothesis was originally formulated in order to account for agrammatic language, previous research has shown that
individuals with fluent aphasia are also affected, although they make other kinds of errors (Bos & Bastiaanse, 2014). The PADILIH
predicts that reference to the past should be selectively impaired, independent of form. The future should be relatively preserved as a
non-past form. Note, however, that in previous studies on Greek dissociations between past verb forms have been found (Nanousi
et al., 2006; Stavrakaki & Kouvava, 2003), as well as problems with the future tense too (Fyndanis et al., 2012; Nanousi et al., 2006;
Varlokosta et al., 2006). Therefore, such dissociations are probable on the basis of previous data.

4.2. Methods

4.2.1. Participants
Eight individuals with aphasia (hereafter IwA) were included in the study (one female, mean age = 58, standard deviation = 7.3, mean

years of education = 14, standard deviation = 1.7), the demographics and illness data are presented in Table 3. All IwA except for An4, who
was in the subacute period, were in the chronic phase. The diagnosis was made on the basis of the Boston Diagnostic Aphasia Examination
(adapted for Greek by Tsapkini, Vlahou, & Potagas, 2009/2010) and the spontaneous speech. The individual scores in the tasks of the BDAE
are presented in Appendix A. The performance of each patient was compared to that of their age and educational group and, if found more
than 2 standard deviations below the mean, it was judged as impaired (cf. Borod, Goodglass, & Kaplan, 1980). Concerning spontaneous

3 We will discuss the dependent non-past perfective form when we refer to the future.
4 See Roussou and Tsangalidis (2010) for a different view on the status of θα.
5 By aorist Moser means the past perfective and by past perfect she means the pluperfect.
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speech, all individuals with anomic aphasia faced word-finding difficulties, An2 and An4 had fluent speech, whereas the speech of An1, An3
and An5 included pauses due to word-retrieval difficulties. All participants with anomic aphasia produced grammatical sentences, of normal
length and often embedded clauses. Moreover, all except for An1 presented mild comprehension difficulties as shown by their score in
BDAE. With respect to the participants with agrammatic aphasia, Ag1 is a case of mild agrammatism, as she produced short, simple
sentences, occasionally omitting verbs and prepositions, whereas verb morphology was relatively spared. Ag2 produced short utterances and
incomplete sentences; his language was characterized by frequent verb omissions and impaired verb morphology. According to the BDAE he
also had mild comprehension deficits. Finally, the speech of the individual with Wernicke's aphasia was fluent with phonological para-
phasias. At times the individual produced empty speech. Ten non-brain-damaged speakers (NBDs) have been also tested (seven female, age:
mean = 59, standard deviation = 9.2, years of education: mean = 13, standard deviation = 3.3). All participants participated on a vo-
luntary basis and gave their written consent before being tested.

4.2.2. Design, materials, procedure and scoring
The Greek version of the TART's production part examined five tenses: present, future and three past tenses: past perfective, past

imperfective and present perfect. The material consisted of 96 pairs of verbs, which could take the same complement, for example one
pair was to sweep and to mop. For each verb three pictures were constructed, one presenting the action in progress, one completed and
one about to be initiated. The participants were presented with 2 pictures at a time in the same time frame. Above each picture the
target verb was written in the 1st person singular present (the default form, as Modern Greek lacks infinitives). The experimenter
described the first picture in a specific tense and began the description of the second picture with an adjunct phrase which required
the same verb form. The pictures depicting actions in progress were used for present and past imperfective target sentences. The
pictures with the action completed were used for eliciting the past perfective and the present perfect. Finally, the pictures with the
action as about to begin were used for the future. There were 6 practice items. See (1) for an example of an experimental item.

(1) Right now the woman is sweeping the floor and right now the woman …. (Target: is mopping the floor).

We applied a correct/incorrect scoring—correct being the answers in which the verb was produced in the target form. Agreement
errors were not taken into account. However, it was decided post-hoc that the production of the 1st person singular present was to be
taken as an error even in present-tense targets, as it was used as the default form and at least one agrammatic speaker overused it,
which suggests no productive use thereof.

In the comprehension test three tenses were tested (present, past, future) with 10 picture pairs each. The same pictures were used.
The participants had to perform a sentence-to-picture matching task, with two pictures in each item. Both pictures depicted the
actions of the target verb and for the present and future targets the distractor picture depicted the event as completed and for past
targets the distractor was a picture with the action in progress.

5. Results

5.1. Production

The data was analysed in R (R Core Team, 2019)7 by means of generalized linear mixed-effects models of the R package lme4
(Bates, Mächler, Bolker, & Walker, 2015). We used generalized linear mixed-effects models because: 1) they take into account both
the variance between subjects and between items (random intercepts) and the variance between subjects and between items for all
factors (random slopes) (Bates, Kliegl, Vasisth & Baayen, 2018 among others) and 2) they can handle binary responses (Agresti,
2019). Moreover, we used the package emmeans (Lenth, 2018) for the post-hoc analyses, when necessary. Table 4 presents the
percentages of correct responses in the production part.

As the table shows, the NBDs performed at ceiling. Concerning the IwA, we will first examine the production performance in the
whole group, although the group is mixed in terms of aphasia type (hereafter mixed group). Several models were computed and the
model with the best fit which converged was the one with the tense as fixed effect (with 5 levels8), one random intercept for item and
participant. See Table 5 for the estimates, standard errors, Z-values and p-values of the model (rows for Model for mixed group). As
shown in the table, the performance in the present tense was significantly better than in all past tenses, as predicted by the PADILIH,
but was also significantly better than the performance in the future tense. In order to obtain p-values for the pairwise comparisons
between the other tenses, we performed post-hoc tests (Tukey method), the p-values of which are presented in Table 6 (column for
Mixed group). The estimates, standard errors, degrees of freedom and z-ratios are presented in Table 1 of Appendix B.

As the p-values in Table 6 show, the present perfect was significantly worse than all other tenses, whereas the past imperfective, the past
perfective and the future did not differ from each other. Concerning the comparison between the present and the past imperfective, the post-
hoc comparison deviates from the results of the model, in that it does not indicate significant difference between the two tenses. This
divergence is due to the fact that the post-hoc comparisons are more conservative, but also suggests that the past imperfective, which has the
same stem as the present, is slightly different from the other past tenses. We will discuss this finding in the discussion section.

6 20 verbs were planned to be used for each tense, but due to a randomizing error only 18 were included in the analysis.
7 We used several versions during the process of data analysis, the most recent is the 2019. The results do not deviate.
8 Treatment contrasts were used with present being the baseline.
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The next planned group analysis pertained to the group of the individuals with anomic aphasia, the only homogeneous group in
terms of aphasia type. The percentage correct performance of this group is also presented in Table 4. We conducted a similar
statistical analysis for the mixed group. Table 5 (rows for Model for anomic aphasia) shows the estimates, standard errors, Z-values and
p-values of the model fitted for the anomic participants. The pattern of the anomic aphasia group is similar to the pattern of the mixed
group. Again, performance in the present is better than performance in the present perfect, the past perfective and the future.
Nevertheless, the difference between the present and past imperfective is not significant (similar to the post-hoc analysis of the model
fitted for the mixed group). The column Anomic aphasia of Table 6 presents the p-values of the post-hoc comparisons for the anomic
aphasia group (Table 2 of Appendix B presents the estimates, standard errors, degrees of freedom and z-ratios for these post-hoc
comparisons). As in the analysis of the whole group, the post-hoc comparisons showed that performance in the present perfect is
significantly worse than in all other tenses and that there is no significant difference in performance among the past imperfective, the
past perfective and the future. Therefore, the pattern of performance in the group of the individuals with anomic aphasia is similar to
the pattern of the mixed group and it is safe to claim that aphasia type does not play a role concerning the production of time
reference (at least for the individuals with aphasia in the present study).

Next, we considered the individual results. Table 7 presents the percentages of correct responses for each tense. Ag1, An1 and An4
had ceiling performance. All other IwA had ceiling performance in the present and remarkable difficulties with the present perfect.
Performance in the other three tenses was comparable with no specific pattern.

In view of the fact that three out of eight patients had ceiling performance, we conducted a third group analysis, which concerned
the group of IwA who showed impaired performance (i.e. participants Ag2, An2, An3, An5 and We hereafter impaired IwA). The last
row of Table 4 shows the percentage correct performance of the impaired IwA and Table 5 (rows Model for impaired IwA) presents the
estimates, standard errors, z-values and p-values of the model fitted for this group. The analysis results indicate that performance in
the present was better than in all other tenses, including the past imperfective. The post-hoc comparisons, presented in column
Impaired IwA of Table 6 (the estimates, standard errors, degrees of freedom and z-ratios for these post-hoc comparisons are presented
in Table 3 of Appendix B), showed the same pattern as in the other two analyses: the present perfect is more impaired than all other
tenses and the past imperfective, past perfective and future do not differ from each other. As in the analysis of the whole group, the
difference between the past imperfective and the present failed to reach significance in the post-hoc comparisons.

Summarizing the group analyses, the results indicate that in all three analyses, i.e. for the mixed group, for the individuals with
anomic aphasia and for the impaired IwA: 1) the present perfect is more impaired than all other tenses 2) the present was better than
the past perfective and the future 3) the past imperfective, the past perfective and the future did not differ from each other. The
difference between the present and the past imperfective is not very clear. When we consider the mixed group and the impaired IwA
the difference is significant, but it is not significant for the analysis of the data from the participants with anomic aphasia and it fails
to reach significance in the post-hoc comparisons in all three analyses.

We further performed error analysis for each IwA separately. Recall that Bos and Bastiaanse (2014) found that individuals with
agrammatic aphasia substituted past forms (simple past) mainly with forms referring to other time frames, whereas individuals with
fluent aphasia replaced it with another past verb form. We consider now the type of errors produced by individuals with aphasia with
non-ceiling performance for present perfect and past perfective targets, the two most impaired past forms. Ag2 produced mainly the
default form (1st singular present) across tenses, which suggests a general tense production failure. An2 produced mainly present
(39%) instead of the present perfect, and past imperfective (17%) and present (11%) instead of the past perfective. An3 produced
present (50%), the basic form (28%) and past perfective (22%) instead of the present perfect and his performance on the past
perfective was relatively good, but when he made errors he produced the basic form (11%) or present (5.6%). An4 had problems only
in the past perfective, which he substituted with present perfect. An5 produced present instead of the present perfect (39%) and his
performance in the past perfective was good, but the few errors he made were the production of past imperfective. The fact that many
individuals with anomic aphasia (An2, An3, An5) used the present instead of the present perfect is not especially surprising given that
the present perfect makes assertions about the present on the basis of events in the past (see below for discussion). With respect to the
past perfective, the participants with anomic aphasia who had poor performance in this condition (An2, An4 and An5) produced
preponderantly past time frame forms. Finally, the individual with Wernicke's aphasia substituted present and the basic form for both
the present perfect and the past perfective.

Table 2
Overview of the morphological properties of the forms tested in the present study (based on Holton et al., 2004, p. 120).

Aspect

Imperfective Perfective Perfect

Tense
Non-Past δen-o

‘I tie’
‘I am tying’
Present

δes-o
‘to tie’

Dependent

exo δes-i
‘I have tied’

Perfect
Past e-δen-a

‘I was tying’
‘I used to tie’
Imperfective

e-δes-a
‘I tied’

Simple Past

ixa δes-i
‘I had tied’

Pluperfect
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5.2. Comprehension

Table 8 shows the group results for the IwA and NBDs and the individual results of the IwA for the comprehension test. The NBDs
had ceiling performance, across time frames. Concerning the IwA, the group performance was above chance across tenses (p= 0).
The comparison to chance performance was done by means of the binomial test, a procedure for comparing the observed frequencies
of a dichotomous variable to the frequencies that are expected under a probability parameter. On an individual level, all IwA had
above chance performance except for the participant with Wernicke's aphasia, who had chance performance across the board and
An2 who had a selective deficit with future.

6. Discussion

All in all, we found worse performance in tenses that denote events in the past than in the present in the production test, which is
in accordance with the predictions of PADILIH. Interestingly, this pattern was consistent in all group analyses: in the mixed group, in
the subgroup of individuals with anomic aphasia, and in the subgroup of IwA who manifested deficits in inflection. Additionally, for
each IwA at least one tense referring to the past was worse than the present. However, we also found that production of the future was
impaired. Another interesting finding, which cannot be accounted for by PADILIH in its present form, was the dissociation among the
three tenses referring to the past: 1) the present perfect was more impaired than all other tenses and 2) the difference between the
past imperfective and the present failed to reach significance for the anomic aphasia group and in any of the post-hoc analyses.
Concerning comprehension, there was not any dissociation among the past, the present and the future at the group level and for each
IwA individually, except for An2.

First, we will consider the dissociation among the three tenses referring to the past. With respect to the past imperfective, it seems
to have an intermediate status between the present and the past perfective. In this sense, the results of the mixed group and from the
impaired IwA do not straightforwardly replicate any of the previous studies which addressed the difference between the past per-
fective and the past imperfective in Greek aphasia. Nevertheless, the results of the individuals with anomic aphasia are in accordance
with those of Nanousi et al. (2006) and Stavrakaki and Kouvava (2003), who found a difference between the past perfective and the
past imperfective. This is a striking similarity, as the participants of these two studies suffered from agrammatic aphasia. The per-
formance of the individuals with agrammatic aphasia in the present study is not especially informative, as one of them had ceiling
performance and the other one was severely impaired across the board.

Looking at the data beyond aphasia types, the results confirm the intermediate status of past imperfective in aphasic language in
Greek: on the one hand, it refers to events in the past and on the other hand, it shares the same (imperfective) stem with the present
tense (see Table 2). Stavrakaki and Kouvava (2003) suggest that the past imperfective is more preserved in agrammatic aphasia
because the formation of the past imperfective from the present (from imperfective to imperfective) is computationally less de-
manding than the formation of the past perfective from the present (perfective from imperfective). Consequently, the role of mor-
phophonological processes cannot be excluded in the production of the past perfective. Rather, reference to the past and morpho-
phonological computations seem to have an additive effect both in agrammatic and in anomic aphasia in Greek.

Turning to the present perfect, this tense is more complex in many aspects, hence it is not especially surprising that it is more
impaired than the other past tenses. From a morphological point of view, it is periphrastic and the auxiliary is in present tense,
although the form is related to past events. As Kljajevic and Bastiaanse (2011) suggested, IwA might have problems integrating the
meaning of an auxiliary in the present tense. From a semantic/pragmatic point of view it is more remote than the past perfective
(Moser, 2003), or it has the status of conventional implicature (Veloudis, 1990). This last property is particularly relevant: whereas all
other past tenses describe events in the past, the present perfect makes assertions about the present on the basis of these events and its
truth value must be inferred from other propositions. If this assumption is correct, then the worse performance in the present perfect
is in accordance with the PADILIH: the present perfect is more difficult because it depends heavier on prior knowledge and it requires
processing of this information in order to draw conclusions relevant to the present-reference time. The error analysis confirms this
assumption, as the present perfect was mainly substituted by present tense, whereas past perfective was substituted by other forms
referring to the past, as in Dutch (Bos & Bastiaanse, 2014) and Serbian (Kljajevic & Bastiaanse, 2011).

Table 4
Percentages of correct responses in the production task. NBDs: non-brain-damaged participants, Mixed IwA: all individuals with aphasia, Individuals
with anomic aphasia: only participants An1, An2, An3, An4, An5, Impaired IwA: Individuals who did not have ceiling performance.

Time reference

Present Past Future

Tense

Group Present Present Perfect Past imperfective Past perfective Future

NBDs 99 91 100 97.2 99
Mixed IwA 85 50 76 67 70
Individuals with anomic aphasia 94 62 87 81 80
Impaired IwA 78 23 61 54 52
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The future tense was also impaired in the current study and equally impaired as the past perfective, as has been found in other
studies in Greek (Fyndanis et al., 2012; Nanousi et al., 2006; Varlokosta et al., 2006). With respect to other languages, relatively good
performance in the future has been reported for English, Dutch, Turkish and Swahili (Bastiaanse, 2013 and references therein). On
the other hand, Martínez-Ferreiro and Bastiaanse (2013) report impairment in producing the future tense in Spanish but not in
Catalan, whereas Rofes et al. (2014) report impaired performance in the future in Catalan. Similar to the present perfect, the future
tense in Greek is periphrastic. Moreover, futurity is only one of the particle θα′s meanings, which can be combined with past forms
too. The meaning of futurity results from a combination of the particle and the temporal and aspectual features of the inflected verb.
As suggested above for the present perfect and following Kljajevic and Bastiaanse (2011), one possibility is that IwA face difficulties
producing the future tense because they have to integrate the meaning of θα and the dependent form. This assumption suggests that
the problems with the future in Greek aphasia may not have to do with time reference per se, but rather with the morphological
idiosyncrasy of this tense and in particular with the status of the particle θα.

However, there is an alternative possibility. Martínez-Ferreiro and Bastiaanse (2013) propose that difficulties with future are related to
the fact that speech time and event time are not simultaneous. Building on this proposal, we suggest that problems with the future are

Table 5
Estimates, standard errors, Z-values and p-values of the models fitted for the analysis of the production data. Model for mixed group: all IwA, Model
for anomic aphasia: only the anomic patients, Model for impaired IwA: only patients with non-ceiling performance. In bold the p-values which
denote a significant difference.

Fixed Effects Estimate Standard Error Z-value p-value

Model for mixed group (Intercept) 2.88 0.76 3.77 <0.001
TargetTense2 (Present vs. Present Perfect) −2.89 0.40 −7.17 <0.001
TargetTense3 (Present vs. Past imperfective) −0.93 0.38 −2.43 0.015
TargetTense4 (Present vs. Past perfective) −1.61 0.38 −4.20 <0.001
TargetTense5 (Present vs. Future) −1.39 0.38 −3.64 <0.001

Model for anomic aphasia (Intercept) 3.47 0.78 4.46 <0.001
TargetTense2 (Present vs. Present Perfect) −2.72 0.54 −5.04 <0.001
TargetTense3 (Present vs. Past imperfective) −1.04 0.57 −1.82 0.068
TargetTense4 (Present vs. Past perfective) −1.52 0.55 −2.75 0.006
TargetTense5 (Present vs. Future) −1.61 0.55 −2.91 0.004

Model for impaired IwA (Intercept) 1.62 0.61 2.68 0.007
TargetTense2 (Present vs. Present Perfect) −3.17 0.45 −7.10 <0.001
TargetTense3 (Present vs. Past imperfective) −1.04 0.39 −2.64 0.008
TargetTense4 (Present vs. Past perfective) −1.41 0.40 −3.56 <0.001
TargetTense5 (Present vs. Future) −1.53 0.40 −3.85 <0.001

Table 6
P-values of the post-hoc comparisons in the production task of all three group analyses: Mixed group of IwA: all Iwa, Anomic aphasia: only the
anomic patients, Impaired IwA: only patients with non-ceiling performance.

Contrast Mixed group Anomic aphasia Impaired IwA

Present – Present Perfect 0.000 0.000 0.000
Present – Past Imperfective 0.107 0.360 0.064
Present – Past Perfective 0.000 0.047 0.003
Present - Future 0.003 0.029 0.001
Present Perfect – Past Imperfective 0.000 0.001 0.000
Present Perfect – Past Perfective 0.002 0.016 0.000
Present Perfect - Future 0.000 0.029 0.000
Past Imperfective – Past Perfective 0.300 0.812 0.849
Past Imperfective - Future 0.687 0.696 0.663
Past Perfective - Future 0.969 1.000 0.997

Table 7
Percentages of correct responses for each individual with aphasia in each tense in the production task. Ag: agrammatic, An: anomic, We: Wernicke.

Participant Present Present
Perfect

Past
Imperfective

Past
Perfective

Future

Ag1 94 89 100 94 100
Ag2 30 0 20 20 40
An1 100 94 100 94 100
An2 94 61 100 67 67
An3 80 0 60 80 60
An4 100 100 100 80 100
An5 94 56 72 83 72
We 80 0 60 20 20
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related to the fact that it lacks a truth-value at the time of utterance. In particular, as Zagona (2013) claims, future events are “not definite or
immutable, and as such, they cannot be part of the knowledge base of the speaker; consequently their truth or existence cannot be asserted.
Such events are inherently irrealis” (p. 764). Taken together with the data from irrealis conditional clauses of Rofes et al. (2014), one can
suggest that the lack of truth-value at the time of utterance is a factor affecting the production of specific verb forms. This assumption can
also embed the performance in the present perfect, as its truth-value cannot be based on the state of the world at the time of utterance, but it
has to be inferred. Thus, we suggest that reference to the past is not the only semantic/pragmatic factor which affects production of tense in
aphasia. The assignment of truth-value at the time of utterance is an additional factor. Table 9 summarizes the features which are relevant
for predicting performance in tense production on the basis of the present data.

From a methodological point of view, this is exactly what Faroqi-Shah and Friedman (2015) point out in their criticism of the
elicitation paradigm which is used in the present study. They claim, in particular, that low performance in past tenses and future are
due to the fact that the action is not depicted in the picture which is supposed to prime the sentence. In our opinion, different methods
of inflection elicitation bring out different aspects of the inflection deficit in aphasia. In this sense, the present findings are not task-
specific, rather they highlight the semantic/pragmatic aspects of the inflection deficit in aphasia. Of course, future research has to
address what other linguistic (e.g. +/− periphrastic) or cognitive factors contribute to each task.

Finally, before attributing the performance of the IwA to the semantic/pragmatic or morphophonological properties of each tense
we should exclude frequency effects. Bastiaanse (2011) reports that inflected verbs in the spontaneous speech of individuals with
fluent aphasia are verbs of higher frequency and this indicates a retrieval deficit at the level of phonological forms. Therefore, one
possibility is that the difference among the three past tenses is an artefact of differences in type frequency. Table 10 shows the mean
percentages and mean log of the occurrence frequency percentages of the forms used in each tense.9 For each tense we show the mean
frequency in the 3rd person singular which was also the target. The frequencies for the present perfect and the future are the same
because the forms searched are homophones. In particular, we searched for the non-finite form (e.g. δesi of the verb δeno ‘tie’) and the
present dependent form, which is inflected for person but the 3rd person singular is identical to the non-finite form (θa δesi ‘he/she
will tie’). We also give the mean percentage frequency of the 1st person singular present, as it was the default form and a frequent
error, especially of Ag2. As the table shows, the 3rd person singular of the past imperfective was the least frequent form in 3rd
singular person with all other forms having similar occurrence frequencies. Remarkably, the frequency of the 1st person singular
present is the most infrequent form. We compared the frequencies (in the logarithmic scale) with pairwise t-tests with Bonferroni
corrections. The results showed that past imperfective is significantly less frequent than the past perfective and present (both p < 0)
and it differs marginally from the future (p= 0.06). The past perfective and the present do not differ from each other. Consequently,
the pattern found cannot be attributed to the form frequencies (cf. Martínez-Ferreiro & Bastiaanse, 2013).

Concerning comprehension, the IwA of the current study showed above chance (and in certain cases, ceiling) performance across tenses, in
accordance with previous studies both in Greek and other languages. This finding implies a selective deficit in production, which is not in
accordance with the PADILIH, as this hypothesis would predict deficits both in production and comprehension, at least in agrammatic aphasia.

An essential question is what this data implies about the relation between brain damage and linguistic representations. If our
account of the data is correct, it suggests that multiple linguistic levels can be affected in aphasia, independent of aphasia type.
Specifically, as shown in Table 9 we postulate the interplay of two kinds of factors in the performance: semantic/pragmatic factors,
such as time reference and truth-value at the time of utterance, but also morphophonological factors such as relation of a target form
to the default form, or whether a form is periphrastic and requires the integration of two components or not. Whether all these factors
interact within each IwA and to what extent cannot be concluded from this data. Given the individual variability it seems that for
each IwA these factors have a slightly different effect. In addition, one has to take into account the cognitive profile of IwA and how it
affects the performance in each task. Cognitive profile has been, to a large extent, ignored in the aphasiological literature (although it
gains more and more attention lately). In any case and looking beyond aphasia types and individual variability the present study
indicates that at least semantic/pragmatic and morphological processing are vulnerable in aphasia and it has shown which are the
relevant parameters at each level: time reference, truth value and morphophonological complexity.

Table 8
Individual and group results for the IwA and group results for the NBDs in the comprehension test. NBD: Non-brain-damaged.
Ag: agrammatic, An: anomic, We: Wernicke.

Patient Present Past Future

Ag1 100 80 100
Ag2 95 95 95
An1 100 100 100
An2 85 80 45 (Chance)
An3 95 80 85
An4 100 90 80
An5 95 80 90
We 55 (Chance) 35 (Chance) 55 (Chance)
IwA total 90 80 81
NBDs 98 96 96

9 The frequencies were retrieved from the Hellenic National Corpus (http://hnc.ilsp.gr) on the 24th April 2018.
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7. Conclusions

Summing up, the performance of the IwA in the current study suggests impairments with reference to the past and the Greek data
can inform but also enrich the PADILIH. In particular, the advantage of past imperfective in comparison to past perfective suggests
that morphophonological processes have an additive effect to difficulties with reference to the past. The performance in the present
perfect and the future tenses implies that the absence of a clause's truth value at the time of the utterance is an additional burden for
IwA. Concerning the future and the present perfect, one cannot exclude the role of the periphrastic status or the impairment in
integrating the particle/auxiliary, but we cannot disentangle the two on the basis of these data. The comprehension of time reference
for theses IwA was largely intact.
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Table 9
Summary of the features of the tenses tested, which are relevant for predicting performance in production.

Time reference
Present Past imperfective Past perfective Future Present Perfect

Non-past Past Past Non-past Past

Truth-value at the time of utterance + + + – –
Morphologically complex – – + + +
Integration of a particle/auxiliary – – – + +

Table 10
Mean percentages and mean log of the percentages of the occurrence frequency of each form.

Form Frequency

Percentage Log Percentage

Present (3rd singular) 0.0072 −2.6
Present (1st singular) 0.0015 −3.4
Present Perfect 0.0060 −2.7
Past imperfective 0.0026 −3.1
Past perfective 0.0062 −2.6
Future 0.0060 −2.7
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