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AN EXPERIMENTAL APPROACH TO NOMINAL TENSE: 
EVIDENCE FROM POMAK (SLAVIC)

Evangelia Adamou Yair Haendler

French National Centre for Scientific Université de Paris,
Research (CNRS), Oral Tradition Laboratoire de Linguistique Formelle (LLF)

Languages and Civilizations (LACITO)
This article presents the first experimental evidence on nominal tense. Data are from Pomak, a

Slavic variety that makes use of a deictic suffix for referents in the interlocutor’s sphere and for
past-modal reference. Forty L1-Pomak participants completed an acceptability judgment task (in
Pomak) and two reaction-time experiments using auditory stimuli (in L1 Pomak and in L2 Greek).
In the Pomak reaction-time experiment, in particular, participants listened to NPs with temporal
reference marked either purely grammatically, with a deictic suffix, or grammatically and seman-
tically/pragmatically. As predicted, responses were accurate and fast in grammatical-only items
even though success rates improved for nominals that had additional semantic and pragmatic tem-
poral reference. To conclude, our study confirms that Pomak deictic suffixes provide temporal in-
formation at the level of the NP and introduces a method that could be used to test the existence of
nominal tense in other languages.*
Keywords: nominal tense, deixis, mental timeline, Pomak, Slavic

1. Introduction. The view whereby nouns are time-stable and nominal morphol-
ogy does not encode tense is entrenched in a long philosophical tradition1 and stems
from our familiarity with Indo-European languages, where verbal morphology serves to
encode tense. Recently, a number of studies, conducted within both formal and func-
tional linguistic frameworks, have challenged this view by focusing on languages in
which tense is grammatically encoded in nominals, the so-called nominal tense
(Lecarme 1999, 2004, 2012, Nordlinger & Sadler 2004). The present study contributes
to this investigation by offering the first experimental evidence on nominal tense. The
data are from Pomak, a nonstandardized South Slavic language spoken in Greece. In
particular, we test whether nominal tense provides sufficient temporal information on
its own at the level of the noun phrase (NP), that is, in the absence of concurrent lin-
guistic means such as verbal tense and temporal adverbials. In addition, following stud-
ies on the cognitive representation of time, we explore the mental timeline(s) related to
nominal tense in Pomak, where the past is associated with the interlocutor’s sphere. The
Pomak data therefore provide the basis for the study of a rare linguistic association of
time, space, and social cognition. The remainder of the introduction is structured as fol-
lows. We start out by offering some background on nominal tense (§1.1), followed by
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an introduction to nominal tense in Pomak (§1.2). Then, we offer an overview of the lit-
erature on space-time language and thought (§1.3). In §§2, 3, and 4, we move on to
present three experiments, before concluding with a general discussion (§5). 
1.1. Background on nominal tense. The definition of nominal tense and its rela-

tion to verbal tense have been the subject of lively discussion (see Lecarme 1999, 2004,
2012, Wiltschko 2003, Nordlinger & Sadler 2004, 2008, Matthewson 2005, Tonhauser
2007, 2008). In this article, we broadly define nominal tense as the use of ‘grammatical
morphology on argument nominals whose temporal interpretation is independent from
the temporal interpretation of the clause’ (Lecarme 2012:698). In practice, this excludes
the crosslinguistically common phenomenon whereby tense, aspect, and mood (TAM)
markers attach to nominals that function as predicates of a clause (Nordlinger & Sadler
2004:777). 

The use of TAM markers on argument nominals is illustrated in 1a with an example
from Halkomelem (Salishan), where the past marker -lh is suffixed to the noun ‘grand-
mother’, conveying the meaning ‘deceased’. The same suffix -lh, when attached to the
verb ‘be’, conveys past reference at the clausal level.2 Example 1b demonstrates the
temporal independence of nominal tense with respect to the clausal tense, as the past
marker -lh is again suffixed to the noun ‘grandmother’, locating the referent in the past,
but the verb ‘to dream about’ bears the future suffix -cha, locating the reference of the
clause in the future.3

(1) Halkomelem (Central Salish, Salishan [ISO code: hur])
a. Éwe-lh kw’étslexw the-l sí:lá:-lh

neg.be-pst see def.f-my grandparent-pst
‘He didn’t see my late grandmother.’

(Nordlinger & Sadler 2004:782, from Brent Galloway, p.c.)
b. El-éliyemet-tsel-cha the-l sí:lá:-lh

rdp-dream.about-1sg.sbj-fut def.f-my grandparent-pst
‘I’ll be dreaming about my late grandmother.’

(Nordlinger & Sadler 2004:782, from Brent Galloway, p.c.)

The independence of the temporal interpretation of nominals with respect to the tem-
poral interpretation of the matrix-clause predicate, illustrated in 1, has also been noted
in semantic theory for languages without nominal tense like English (Enç 1986, Musan
1999). For example, in the clause Diana is talked about, Diana’s lifetime could be lo-
cated in the past with regard to the utterance time of the predicate to be talked about
(Musan 1999:655). The difference between English and Halkomelem is that only in the
latter does a suffix on the noun encode overtly the temporal interpretation of the noun.
This observation has led to discussions in formal linguistics on the syntactic effects of
T(ense) features on a D(eterminer) and its relation to the head of a T(ense) P(hrase) (see
discussion of the Halkomelem data in Wiltschko 2003 and Matthewson 2005). 
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2 There is ongoing discussion about whether tense is verbal or nominal in this language; see, among others,
Wiltschko 2003 and Matthewson 2005.

3 Some authors’ abbreviations have been changed in this article for glossing consistency following the
Leipzig glossing rules. Abbreviations used throughout the paper are as follows: addr: addressee, affx: affix,
anim: animate, caus: causative, dat: dative, def: definite, dem: demonstrative, det: determiner, dist: distal,
du: dual, evid: evidential, f: feminine, foc: focus, fut: future, imp: imperative, m: masculine, neg: negation,
nf: nonfeminine, nom: nominative, nsbj: nonsubject, pn: proper noun, pro: pronoun, pst: past, rdp: redupli-
cation, refl: reflexive, rel: relativizer, rempst: remote past, rep: reported, restr: restrictive, sbj: subject,
sg: singular, spkr: speaker, top: topic.



Unlike Halkomelem, where the same TAM markers are suffixed on nouns and on
verbs, specialized nominal tense affixes are reported for Tariana, an Arawakan language
(Nordlinger & Sadler 2004, 2008, after Aikhenvald 2003). In 2a, the noun ‘eagle’ bears
the nominal past suffix -miki, which conveys past reference at the level of the noun,
whereas the suffix -pidana attaches to the verb and conveys temporal-modal reference
at the level of the entire clause. In contrast, in 2b, the noun ‘flood’ receives the nominal
future suffix -pena independently of the temporal reference of the suffix -pidana ‘re-
ported remote past’.

(2) Tariana (Inland Northern Arawakan, Arawakan [ISO code: tae])
a. thepi di-maɾe=pidana eta-miki-ɾi-nuku

to.water 3sg.nf-throw.caus=rempst.rep eagle-pst-nf-top.nsbj
‘He threw the remains of the eagle (lit. the ‘ex-eagle’, what used to be 

the eagle) into water.’ (Nordlinger & Sadler 2008:326)
b. kayu-maka hĩ waɾipeɾe unyane-pena di-kakwa=pidana

so-affx dem:anim Walipere flood-fut 3sg.nf-plan=rempst.rep
‘Thus Walipere was planning the future flood.’

(Nordlinger & Sadler 2008:326)

In addition, a number of languages have been said to make use of tensed articles
to express temporal relationships at the level of the NP (or determiner phrase (DP), de-
pending on theories) or of the entire clause. Tensed articles have been described, among
others, in Somali, an Afro-Asiatic language (Lecarme 1999, 2004). Compare example
3a, where the past temporal reference of the article -dii coincides with the past temporal
reference of the verb, with example 3b, where the article -tíi has a past reference inde-
pendent of the clausal reference, which is anchored at the utterance time. 

(3) Somali (Lowland East Cushitic, Afro-Asiatic [ISO code: som])
a. dhibaatá-dii Khalíij-ku wáy dhammaatay

problem-det.f.pst Gulf-det.m.nom foc.3sbj end.pst
‘The Crisis of the Gulf ended.’ (Lecarme 2004:444) 

b. yáa mas’úul ká ah burburín-tíi Soomaaliya
who responsible from be.restr destruction-det.f.pst Somalia

‘Who is responsible for the destruction of Somalia?’ (Lecarme 2012:706)

Halkomelem, Tariana, and Somali are languages where nominal tense has scope over
the noun, dubbed independent nominal TAM by Nordlinger and Sadler (2004). More
specifically, the independent nominal tense may have scope over the predication time
(e.g. ‘late grandmother’, where the lifetime property of being a grandmother is located
in the past, as is, through extension, the referent herself), over the time of the possessive
relation (e.g. ‘former house’, in the sense of formerly possessed), or over the time of ex-
istence of the object or event (e.g. ‘future flood’) (see Tonhauser 2007, Lecarme 2012).
Nordlinger and Sadler (2004) propose that in some languages nominal tense may have
scope over the entire clause, that is, propositional nominal TAM. This may be the
case in so-called tenseless languages, which lack overt verbal tense and can be ana-
lyzed as also lacking TP (Wiltschko 2003). Alternatively, Lecarme (2012) suggests that
nominal and clausal tense are two parallel systems. 

To summarize, evidence from a variety of languages shows that nominal tense mark-
ers may convey temporal (or modal) reference on the noun and that the temporal refer-
ence of the noun may be either in agreement with or independent from clausal tense.
Given that Nordlinger and Sadler (2004) define nominal tense as an inflectional cate-
gory, as opposed to derivation, nominal TAM markers should be productive with a large
number of nominals. For example, in English, ex-president results from a derivational
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process where the nominal prefix ex- combines with a limited number of nouns. In con-
trast, nominal tense should be used with a variety of nouns, such as ‘man’, ‘cat’, or
‘table’, and not be restricted to a small set of nouns with temporal meaning, such as
‘hour’, ‘day’, or ‘week’. We now turn to present nominal tense in Pomak.
1.2. Nominal tense in pomak. The data for this study are from Pomak, a nonstan-

dardized South Slavic language spoken in the Rhodope Mountains in Greece (see map in
Figure 1). In Greece, pomatsko is the most common language name used by the speak-
ers. The name pomakika is used in Greek by community outsiders and the authorities. In
the Balkans, the language name Pomak is used to refer more broadly to the Slavic vari-
eties traditionally spoken by Muslim communities settled in Bulgaria, Greece, and
Turkey. The most common alternate names in the literature are Bulgarian, that of the
most closely related standard language, or Rhodopean, a language name based on the
name of the Rhodope Mountains, where Pomaks have traditionally lived. Pomak in
Greece has no official status and is the language of the family and the community. It is
spoken alongside the two languages used in formal education: Greek (the official lan-
guage of the Greek state) and Turkish (the official language of the Muslim Minority in
Greek Thrace since the Lausanne Treaty in 1923). We note that a strong shift to Turkish
is currently taking place and that it has been fully completed in several localities.
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In Pomak, as in any other Indo-European language, tense is expressed through verb in-
flection and temporal adverbs. However, Adamou (2011) has argued that, in Pomak,
tense is also morphologically encoded for common nouns through a series of deictic suf-
fixes. These deictic suffixes are used in the formation of definite articles, demonstratives,
possessive pronouns, relative pronouns, and temporal subordinators. Kanevska-
Nikolova (2006) and Fanciullo (2019) report similar uses for the Rhodope dialects of
Bulgarian, where the three-way distinction is being lost under the influence of Literary
Bulgarian, which makes use of a single definite article. Literary Macedonian also has
three definite articles, but, unlike Pomak, these do not have any additional temporal uses.

For here-and-now situations, the three deictic suffixes are used depending on
whether the referent is part of the speaker’s sphere, as in 4a through the s-suffix form-

Figure 1. Map of the Thrace area, Greece. The study was conducted in the district of Xanthi.



ing the definite article, the interlocutor’s sphere, as in 4b through the t-suffix, or neither,
as in 4c through the n-suffix.4

(4) Pomak (Slavic, Indo-European)
a. gjuˈʒlutʃi-se [ˈʒœ-se ˈnosem (aiˈsa)] ˈjatse sa

glasses-def.spkr [pro.rel-def.spkr wear.1sg (now very be.3pl
ˈhubavi
nice

‘The glasses that I’m wearing (now) are very nice!’ (Adamou 2011:881) 
b. gjuˈʒlutʃi-te [ˈʒœ-te ˈnosiʃ (aiˈsa)] paˈratiki sa

glasses-def.addr [pro.rel-def.addr wear.2sg (now ugly are.3pl
‘The glasses that you’re wearing (now) are ugly.’ (Adamou 2011:881)

c. gjuˈʒlutʃi-ne [ˈʒœ-ne ˈnosi] ˈjatse sa ˈhubavi
glasses-def.dist [pro.rel-def.dist wear.3sg very be.3pl nice

‘The glasses [away from both of us] that he/she is wearing are 
very nice.’ 

When the referents are located in a space and time frame distinct from the utterance
situation, Adamou (2011) argues that the t-suffix and the n-suffix also serve to encode
nominal tense. According to this analysis, the t-suffix is used when the time of the NP is
located in the past with respect to the time of the utterance. In contrast, the n-suffix has
a greater variety of uses: it serves to temporally locate the NP in the future; to indicate
lack of relation between the time of the NP and the utterance situation (i.e. irrealis), typ-
ically in tales; and to contribute a habitual interpretation (in the past or future), typically
when discussing traditions. 

To illustrate the temporal-modal contrasts of the two deictic suffixes, let us now con-
sider a situation where two friends are talking about different pairs of glasses. The use
of the definite article would indicate uniqueness (Gundel, Hedberg, & Zacharski 1993).
The choice of the appropriate suffix would depend on nominal tense. 

More specifically, to refer to the pair of glasses that the speaker was wearing last
year, the definite article bearing a t-suffix would be appropriate, as shown in 5a. The in-
terpretation of the t-suffix, in this context, cannot be a spatial one since the glasses are
not close to the interlocutor. Instead, the t-suffix serves to temporally locate the object
‘glasses’ in the past with respect to the utterance time.5 The time of the nominal coin-
cides with the past time denoted by the verbal predicates in the relative clause and in the
main clause. 

In comparison, if the speaker wants to talk about the pair of glasses that she is plan-
ning to buy, then the n-suffix is most suited. This is illustrated in 5b, where the noun
bears an article with the n-suffix, anchoring the object ‘glasses’ in the future with re-
spect to the time of the utterance and coinciding with the time expressed by the future
verb in the relative clause, ‘will buy’ (note that the relative pronoun also bears the future
article). This is independent from the verb in the main clause, which anchors the predi-
cation of the clause in the utterance time. Comparison of examples 5a and 5b therefore
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4 The Pomak deictic system is a person-oriented system, contrasting with distance-oriented systems
in which the deictic center is generally the speaker (Anderson & Keenan 1985). Based on the description of
spontaneous interactions, Adamou (2011) also draws attention to the fact that the choice of deictic suffixes in
Pomak is not strictly determined by the spatial distance between the referent and the deictic center, that is, the
speaker and the interlocutor, but can be manipulated for pragmatic reasons such as politeness.

5 Note that the use of the t-suffix in this example does not convey any extra semantic meaning such as ‘lost’
or ‘destroyed’, as sometimes mentioned for other languages in the literature on nominal tense.



illustrates the temporal contrast between the t-suffix and the n-suffix, that is, between
past and future. 

Moreover, if the speaker is narrating a tale, then the n-suffix is consistently used
throughout the narration to indicate that the time of the NP has no relation to the time of
the utterance, or in other words, that the glasses exist in an imaginary world; see 5c.6
The use of the n-suffix would be independent from verbal TAM as speakers may alter-
nate between evidential verbal morphology (to specify mediated information) and nar-
rative present, aorist, perfect, and future to achieve various narrative effects (Adamou
2013). In this case, the contrast between the t- and the n-suffix is one between past re-
alis and irrealis. 

(5) Pomak (Slavic, Indo-European)
a. gjuˈʒlutʃi-te [ˈʒœ-te ˈnoseh (laˈni)] ˈbeha guˈljami

glasses-def.pst [pro.rel-def.pst wore.1sg (last.year were.3pl big
‘The glasses that I wore (last year) were big.’ (Adamou 2011:881)

b. gjuˈʒlutʃi-ne [ˈʒœ-ne ʃe ˈkupem] sa tʃeˈrveni
glasses-def.fut [pro.rel-def.fut will buy.1sg are.3pl red

‘The glasses that I will buy are red.’ (Adamou 2011:881)
c. gjuˈʒlutʃi-ne mu ˈbeha/ˈbili guˈljami

glasses-def.dist dat.3sg.m were.3pl/were.evid.3pl big
‘The glasses were big for him.’ (as part of a fictional narrative) 

Adamou (2011) further observes that the temporal reference of the main clause gen-
erally coincides with the temporal reference of the noun phrase, but not necessarily. To
illustrate the independence of nominal tense with respect to verbal tense, Adamou
(2011) provides an example with the adjective ‘former’, presented in 6. In this example
the verb is in the future, but the article with the t-suffix (in the masculine singular)
agrees with the lexical semantics of the adjective ‘former’ and locates the utterance in
the past, at a time when the property ‘my husband’ was true of an individual (i.e. the
person who was formerly my husband). Whether independent nominal tense is possible
without the use of a past adjective is not discussed in that study. Our experiment 1 tack-
les this question. 

(6) Pomak (Slavic, Indo-European)
naˈpreʃn-et mi tʃyˈljak ʃe ˈdojde ˈutre
former-def.pst 1sg.dat husband will come.3sg tomorrow

‘My ex-husband will come tomorrow.’ (Adamou 2011:880)

The use of the n-suffix with future meaning independent from clausal tense is also con-
ceivable, but is more difficult to demonstrate. As there is no adjective ‘future/to be’, the
example in 7 illustrates this possibility with a relative clause. In this example, the rela-
tive pronoun bears the masculine definite article with the n-suffix and coincides with the
future tense in the relative clause, while the verb in the main clause is in the past. We note,
however, that in such contexts a distal interpretation is plausible (i.e. the person (away
from us right now) who will marry my elder sister … ). This makes the n-suffix a lesser
candidate to illustrate the independence of nominal tense in Pomak. 
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6 Adamou (2011) argues that these uses are not merely distal (i.e. an object away from us), and notes that
irrealis is additionally marked in Pomak through the use of a specific temporal subordinator aˈga ‘when (no
anchoring in the situation of utterance)’, contrasting with aˈga-no ‘when (future in relation to the situation of
utterance), whenever’, with the neuter definite article and the n-suffix, and aˈga-to ‘when (past in relation to
the situation of utterance)’, with the t-suffix.



(7) Pomak (Slavic, Indo-European)
ˈʒœ-n ʃe sa ˈzœne na ˈabla ˈdojde ˈsnoʃti
pro.rel-fut.sg.m will refl marry.3sg to elder.sister came.3sg last.night

nah nam
at us

‘The one who will marry my elder sister came to our home last night.’
In sum, the analysis of spontaneous and elicited data presented in Adamou 2011

shows that Pomak deictic suffixes convey temporal-modal meaning in addition to the
person-oriented uses in the here and now. The most clear-cut uses of independent nom-
inal tense are those of the t-suffix for past, as the n-suffix has a greater range of uses and
is often compatible with a distal interpretation. In the present study, we want to test
whether the temporal-modal reference of the Pomak deictic suffixes discussed in
Adamou 2011 can be demonstrated when tested experimentally (experiments 1 and 2).
In addition, we aim to investigate whether the linguistic association of a modal past
with the interlocutor’s sphere affects the cognitive representations of the speakers (ex-
periments 2 and 3). To address this question, we draw on a large body of experimental
evidence regarding the relation between space-time language and thought, while seek-
ing to expand it. The next section provides an overview of the relevant literature. 
1.3. Space-time language and thought. Space serves as a metaphor for the lan-

guage of time (Lyons 1977, Traugott 1978, Bybee, Perkins, & Pagliuca 1994). For ex-
ample, in English the future is located in the space in front of us (e.g. the future lies
ahead of us) and the past behind us (e.g. to leave the past behind). Experimental re-
search has shown that space also serves as a metaphor to think about time (Boroditsky
2000, Casasanto & Boroditsky 2008). In particular, researchers have identified a robust
mental timeline along the left-right axis, using visual stimuli (Torralbo, Santiago, &
Lupiáñez 2006, Weger & Pratt 2008, Fuhrman & Boroditsky 2010) and auditory stim-
uli (Ulrich & Maienborn 2010, Kong & You 2012, Walker, Bergen, & Núñez 2017).
The mental timeline along the left-right axis is clearly not a function of language, since
no known language uses left and right metaphors to talk about past and future events.

Summarizing the findings in this domain, Núñez and Cooperrider (2013) conclude
that, at least in postindustrial societies, the space-time mapping along the left-right axis
agrees with people’s experiences in reading and writing. Indeed, it appears that individ-
uals who have frequent and early exposure to a left-to-right writing direction associate
past events with the left and future events with the right; this has been found among
speakers of English (Fuhrman & Boroditsky 2010, Walker, Bergen, & Núñez 2017),
Spanish (Ouellet et al. 2010), and German (Ulrich & Maienborn 2010), among others. In
contrast, individuals who are exposed to a right-to-left writing direction associate past
events with the right and future events with the left, as in Arabic (Tversky, Kugelmass,
& Winter 1991) and Hebrew (Fuhrman & Boroditsky 2010). This result seems to be in-
dependent from handedness, as the majority of the participants tested were right-handed. 

More generally, based on a variety of findings from neuropsychological and brain-
imaging studies, Bueti and Walsh (2009) argue that space, time, number, and other
magnitudes share common cortical metrics, which develop from action. For example,
researchers report the salience of writing direction for number magnitude, whereby
large numbers are associated with the right and small numbers with the left, an effect
known as spatial-numerical association of response codes, or the SNARC effect
(Dehaene, Bossini, & Giraux 1993, Zebian 2005). These studies further show that,
among biliterates, the timeline based on the dominant writing system might be weak-
ened depending on the amount of exposure to each writing system. 
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Several studies indicate independent effects of attentional focus on space-time map-
pings. For example, Ouellet et al. (2010) show that a spatial Stroop effect is indepen -
dently attested from the effects of conceptual metaphor in bimanual, speeded-response
tasks. Moreover, de la Fuente et al. (2014) report that when Spanish-speaking partici-
pants wrote a text about past experience prior to a temporal mapping task, they placed
the past in front of them more often than when they wrote a text about future events. A
conceptualization of the past in the front space contradicts the dominant Spanish cul-
tural mappings that locate past in the back of the body. To account for this result, the au-
thors elaborate the temporal focus hypothesis, according to which there may be
variation in the mental timelines of a given population depending on their temporal
focus. Similarly, Casasanto and Bottini (2014) demonstrate that mental timeline(s) can
change within a short lapse of time following brief exposure to a new direction in the
orthography. To accommodate these findings, Casasanto and Bottini (2014) propose the
hierarchical mental metaphors theory, which combines both the long-term cul-
tural mappings and temporary changes following recent experience. These temporary
mappings are presumably not entirely novel representations but universal representa-
tions that all humans share and that are subsequently narrowed down through cultural-
specific experiences and linguistic categories. 

More importantly for the goals of our study, Bylund and Athanasopoulos (2017)
focus on the ways in which linguistic cues and language context may influence tempo-
ral processing. In their study, bilinguals modify their behavior depending on the lin-
guistic cues available to them during the experiment, in particular when the stimuli are
difficult or ambiguous. Bylund and Athanasopoulos (2017) apply the predictive pro-
cessing framework (Lupyan & Clark 2015) to temporal cognition, and conclude that
mental representations result from a combination of both top-down predictions, related
to linguistic abstractions, and bottom-up processes, related to perceptual experience.
According to this approach, even basic perception follows Bayesian-optimal ways of
combining sensory evidence with prior beliefs and experiences. Within such probabilis-
tic models, the brain draws as much as necessary on top-down predictions and bottom-
up inputs in order to minimize prediction errors. 

In this article, we aim to contribute to the discussion on temporal cognition by inves-
tigating the potential cognitive effects of a little-researched linguistic phenomenon,
nominal tense in Pomak, where the interlocutor’s sphere is associated with the past. 

2. Experiment 1. Experiment 1 is a five-point acceptability judgment task testing
Pomak speakers’ sensitivity to agreement between the temporal reference of a definite
NP with the t-suffix (past tense) and the temporal reference of the predicate (past and
future).
2.1. Methodology. 
Participants. Forty L1-Pomak speakers from Greece participated in this experiment

(twenty-six female; age range = fifteen to sixty years old, M = 31, SD = 13.49). Partici-
pants were either family members or acquaintances of the local research assistant, a nine-
teen-year-old female Pomak speaker. After the experimental session, participants
responded to a language-background questionnaire where they listed the languages they
spoke and assessed their fluency on a scale from 1 to 5, with 5 being the highest score.
Proficiency in Pomak was above 3 for all participants (M = 4.83). The participants gave
oral consent and did not receive payment (due to a particularly sensitive political context
where financial compensation for linguistic matters is stigmatized).
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Stimuli. Participants judged the acceptability of fifty-five auditorily presented sen-
tences in total. We recorded the stimuli with the research assistant, a female Pomak na-
tive speaker who was from the same village as the participants, to make sure we did not
introduce artefacts due to dialectal differences. We did not control for sentence length
(hence we do not discuss response times even though they were measured by the exper-
iment software), but we tried to ensure relative comparability by using sentences con-
taining between five and eight words.

The experimental items included two conditions. The first condition consisted of ten
sentences with t-suffixes forming the definite article (henceforth t-articles), which ei-
ther agreed with the clausal tense (seven items) or were independent from it but the sen-
tence contained a past adjective (three items). The example in 8a illustrates a sentence
with a t-article and past verbal tense, and example 9 shows a sentence with a t-article,
the past adjective ‘former’, and future verbal tense. The second condition consisted of
ten sentences where the t-article combined with future clausal tense, as expressed
through verbal tense and temporal adverbials; an example is provided in 8b. 

(8) Pomak (Slavic, Indo-European)
a. ?ja ˈdadah na ˈkiro ˈkoʃta-ta faf selaˈnik

?1sg gave.1sg to rent house-def.pst in pn
‘I rented the[t-article] house in Salonica.’ (past verb, t-article)

b. ?ʃe ˈdam na ˈkiro ˈkoʃta-ta faf selaˈnik za ˈbusene
?will give.1sg to rent house-def.pst in pn for year

‘I will rent the[t-article] house in Salonica for the year.’ (future verb, t-article)
(9) Pomak (Slavic, Indo-European)

naˈpreʃn-et mi ˈkopel ʃe ˈdojde ˈutre
former-def.pst 1sg.dat boyfriend will come.3sg tomorrow

‘My ex-boyfriend[t-article] will come tomorrow.’ 
(future verb, past adjective, t-article)

Following the experiment, however, we realized that the three sentences in condition
1 that consisted of a t-article and a future verb, as in 9, were structurally similar to the
ten sentences with a future verb in condition 2, as in 8b.7 We therefore excluded those
three sentences from the analysis. 

We predicted that sentences in condition 1 (past-tense verb) would be rated higher
than sentences in condition 2 (future-tense verb), anticipating that lack of agreement be-
tween the nominal tense and the clausal tense would render the interpretation more dif-
ficult and lead to lower ratings. 

Since all sentences were plausible with respect to the life of the speaker who
recorded them, and given that participants were personally familiar with the speaker,
we expected the past value of the t-article to be triggered. Three of the sentences had
two versions, one for condition 1 and one for condition 2 (as in 8), while the rest com-
prised different NPs and verbs. 

In addition to the twenty experimental items, thirty-five filler sentences were in-
cluded. The fillers comprised eighteen well-formed and seventeen ill-formed sentences.
We created ungrammaticalities via violations in gender and number agreement, in tense
marking, and in article usage. The resulting list had fifty-five sentences in total. Four
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practice items were presented at the beginning of the task, two well-formed and two ill-
formed, showing errors in number agreement and in preposition choice.

Procedure. This experiment, like the others presented in this article, was conducted
in the area of Thrace, Greece (see Fig. 1 above). Participants responded to the experi-
ment individually in a quiet room in their homes. Stimuli were presented on a laptop
computer using Open Sesame (Mathot, Schreij, & Theeuwes 2012). All participants lis-
tened to the sentences via headphones and responded by pressing one of five buttons on
a keyboard, from 1 to 5, with 5 for the ‘more natural’ sentences and 1 for the ‘less natu-
ral’ sentences. To facilitate memorization of the scale, button 5 was marked with a
happy smiley face sticker and button 1 with an unhappy smiley face sticker. When ex-
plaining the task, in Pomak, the experimenter stressed that the participant could use any
number in the range between 1 and 5, and that they could take their time to think about
the most appropriate rating score for each sentence.

To help ensure that participants understood the task and used the scale in similar
ways, the session began with two practice sentences played by the computer that served
as anchors for the highest and lowest points in the scale and on which participants re-
ceived feedback from the experimenter. Once these trials were completed and the ex-
perimenter was sure that the participant understood the task, the actual experiment
began. The items were presented in a fully randomized order. The experiment ended
 automatically once participants had responded to all fifty-five trials. The average ses-
sion was less than seven minutes long, and participants generally found the task amus-
ing and were happy to collaborate.

Analysis. The data in this experiment, as well as in the other experiments presented
in this article, were evaluated within a Bayesian analysis framework. Bayesian analysis
consists of incorporating prior information into the data at hand, yielding a posterior
probability distribution that indicates how the prior information should be updated in
light of the data (Kruschke 2015, Kruschke & Liddell 2018).

The advantages of Bayesian analysis over traditional frequentist approaches
(where t- or p-values are reported) are discussed in detail elsewhere (Wagenmakers
2007, Kruschke 2013, 2015, McElreath 2016, Nicenboim & Vasishth 2016, Sorensen,
Hohenstein, & Vasishth 2016). Here we mention just one of the most important charac-
teristics of Bayesian analysis, namely a straightforward interpretation of the results.
The posterior distribution of a main effect or an interaction provides information on
how reliable the evidence for the effect or interaction is, given the data at hand. This
contrasts with frequentist null-hypothesis significance testing, which provides informa-
tion on the null hypothesis (i.e. the possibility that there is no effect), thus not on the hy-
pothesis actually being tested by the experimenter (Vasishth & Nicenboim 2016).
Moreover, uncertainty around effects is expressed in a Bayesian framework by means
of credible intervals. For example, the 95% credible intervals of a posterior distribution
mark the area of the distribution within which one can be sure with a probability of 0.95
that the true value of the parameter lies. Bayesian credible intervals thus provide direct
information on the results. In contrast, frequentist confidence intervals provide infor-
mation on the likelihood of obtaining an interval containing the true value of the pa-
rameter, assuming repeated sampling of the data (Wagenmakers 2007, Hoekstra et al.
2014, Morey et al. 2016, Nicenboim & Vasishth 2016, Vasishth & Nicenboim 2016).

The acceptability judgment data were analyzed with a cumulative mixed-effects
model with a logit link function. This model (also known as proportional-odds model:
McCullagh 1980, Agresti 2010, Christensen & Brockhoff 2013) measures the likeli-
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hood of a response being in a given category or below it, versus the likelihood of the re-
sponse being in a higher category. If there are five points on the response scale, then the
model evaluates the overall change in response from one category to the next (from rat-
ing category 1 to 2, from 2 to 3, and so on), expressed by four intercepts. By including
the same fixed- and random-effects structure for each evaluation of the change in re-
sponse category (that is, for each logit equation in the model), the parameters can be in-
terpreted in terms of main effects and interactions, similarly to linear regression
techniques. The advantage of the cumulative logit model is that it accounts for the ordi-
nal nature of the acceptability scale. The model was fitted using the ‘brms’ package
(Bürkner 2017, 2018) in R (R Core Team 2018).

The factor verbal tense was coded as 1 (past) and −1 (future). The fixed-effects
part included an intercept parameter and a slope parameter of Verbal tense. The ran-
dom-effects part included an adjustment for participants of an intercept and a slope of
the main effect of Verbal tense, as well as the correlation between intercept and slope,
and an adjustment for items of an intercept only (since Verbal tense was not a within-
item variable). For all model parameters we defined weakly informative priors (Soren -
sen et al. 2016). The fixed- and random-effects intercepts and slopes were assigned a
student’s t-distribution (df = 3, mu = 0, sigma = 10), and the random-effects correlations
were assigned an LKJ-correlation prior (zeta = 2) (Lewandowski, Kurowicka, & Joe
2009, Sorensen et al. 2016). The model was run with four Markov chains, including
6,000 iterations per chain, of which the first half, the so-called warm-up phase, was dis-
carded. Chain convergence was verified visually. In addition, we checked that the R̂ sta-
tistics for all model parameters were equal to 1 and that the number of effective samples
per iteration was reasonably high (Gelman et al. 2014).

The Bayesian model generated a posterior distribution for each of the model param-
eters. The parameters of interest are typically the slopes of the population-level (or
fixed) effects. In this model, it is the slope parameter for the fixed effect of Verbal tense.
Since the factor levels were coded as 1 and −1, zero represents the point of ‘no differ-
ence’ between the two types of verbal tense (past and future). We therefore calculate the
probability that the parameter of interest is greater or smaller than zero. A high proba-
bility that the parameter for the main effect of Verbal tense is greater than zero would
suggest there is evidence that past tense (coded as 1) is rated higher than future tense
(coded as −1). By contrast, high probability that the parameter is less than zero would
mean that future tense is rated higher than past tense.

For the statistical inference we show the range and the estimated mean (β̂) of the pos-
terior distribution for the parameter of interest, as well as the 95% credible intervals.
Moreover, we calculate the probability that the posterior distribution for the parameter
of interest is less or greater than zero (depending on the direction of the effect). It
should be emphasized that, in this kind of analysis, we do not describe the results in
terms of ‘significant’ or ‘nonsignificant’ effects. These terms, used in frequentist analy-
ses, reflect the binary nature of statistical inference (an effect can be either significant
or not). By contrast, inference in the Bayesian analysis used here is not categorical. Ev-
idence for a particular effect may be more or less strong, as expressed by how the pos-
terior is located with respect to the zero point.
2.2. Results. First, to make sure participants performed the task according to our ex-

pectations, we checked the mean rating on the filler sentences. The well-formed fillers
were rated with an average of 4.3, and the ill-formed ones were rated with an average of
2.2, confirming that participants understood the task and performed it properly. Next,
we checked the average rating for the sentences with the t-article. As can be seen in Fig-
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ure 2, sentences with a past-tense verb were rated higher (4.3) than sentences with a 
future-tense verb (3.5).
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Figure 3. Posterior distribution for the main fixed effect of Verbal tense in the model on the acceptability
rating data. The black dot marks the posterior mean; the outer bars mark the 95% credible intervals, 

within which 95% of the distribution lies; the inner bars mark the 85% credible intervals; 
zero is marked with a vertical dashed line.
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Figure 2. Mean acceptability rating of t-article sentences in the acceptability judgment task. The left (black)
bar marks sentences with past predicate tense (compatible with the t-article past temporal interpretation), 

and the right (gray) bar sentences with future predicate tense (incompatible with the t-article 
past temporal interpretation). The error bars represent 95% confidence intervals.

The Bayesian model shows that most of the posterior distribution for the fixed main
effect of Verbal tense (mean β̂ = 0.60) lies in the range of positive numbers (greater than
zero). This means that sentences with past verbal tense were rated higher than sentences
with future verbal tense. As can be seen in Figure 3, zero is located outside the 95%
credible intervals (95% CrI = [0.01, 1.19]). The probability of the posterior being in the
range of positive numbers is 0.98, suggesting strong evidence for the effect of Verbal
tense in the predicted direction.
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2.3. Discussion. The results show a clear effect in the predicted direction, with two
levels of acceptability for the experimental sentences.8 More specifically, participants
gave a higher rating score to the sentences comprising NPs with t-articles that agreed
with the past tense of the predicate than to those comprising NPs with t-articles that did
not agree with the future tense of the predicate. The difference in ratings helps refine the
claims in Adamou 2011. On the one hand, it shows that past temporal meaning at the
level of the NP is less acceptable when there is no agreement with the clausal tense. On
the other hand, it reveals that sentences with no such agreement are nonetheless accept-
able, as they were rated higher than the ill-formed filler sentences that had violations in
gender and number agreement. We can interpret this result as evidence that comprehen-
ders opted for an independent past interpretation of the nominal argument in the sen-
tences where there was no agreement between the nominal tense and the clausal tense.
Although we did not test the precise contribution of a temporal adjective, our results
suggest that it is not required for an independent reading of nominal past tense. 

In sum, this experiment shows that Pomak speakers are sensitive to agreement be-
tween the nominal past tense of the t-article and the temporal reference of the predicate.
The next experiment assessed whether the temporal reference of the deictic suffixes
may be entirely independent from the temporal reference of a verb or an adverb.

3. Experiment 2. In the second experiment participants listened to NPs with tempo-
ral reference marked either purely grammatically, with a deictic suffix, or grammati-
cally and semantically/pragmatically. Participants had to identify the items as referring
either to the past or to the future by pressing buttons located to their left and right sides.
We also tested the association of the past with the interlocutor’s sphere. To this end, we
manipulated the experimenter’s location with respect to the buttons corresponding to
the past and the future. 

This experiment was designed to address two research questions. First, do definite
articles in Pomak carry temporal information on their own, independent of other lin-
guistic means (verbal or adverbial)? Following Adamou 2011, we predict that Pomak
NPs with definite articles will provide sufficient temporal information. More generally,
following the literature on the independence of nominal tense (e.g. Nordlinger & Sadler
2004, Lecarme 2012), we predict that nominal tense should allow participants to decide
on the temporal reference of an NP. 

Second, do Pomak definite articles mediate the conceptualization of time along the
left-right axis? In particular, is past-modal reference, as expressed through the t-article,
associated with the experimenter’s sphere? If the mental timeline along the left-right
axis follows reading habits (e.g. Fuhrman & Boroditsky 2010), then the location of the
experimenter should combine with this effect (Bylund & Athanasopoulos 2017). We
predict, in particular, that the experimenter’s position near the past button, whether on
the left or on the right, should facilitate responses. 
3.1. Methodology.
Participants. Forty L1-Pomak speakers from Greece participated in this experi-

ment (twenty-three female; age range = sixteen to fifty years old, M = 30, SD = 8.63).
Half of the participants were the same as in experiment 1. All were family members or
acquaintances of the Pomak research assistant. Participants responded to a language-
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background questionnaire after the experimental session. All participants but one rated
their proficiency in Pomak as 5 (on a scale from 1 to 5). All reported speaking Greek
fluently (M = 4.33), and most of them also spoke Turkish, although less fluently 
(M = 2.55). Participants had no formal education in Pomak as there is no Pomak cur-
riculum available in Greece, but some said that they text in Pomak using the Latin
script. Eight participants had attended at most primary school, twelve secondary school,
and twenty university. Participants also reported reading the Koran in Arabic and in
Arabic script, that is, from right to left, although they said they do not speak, read, or
write in Arabic otherwise. Generally they started to read the Koran at age six at Koranic
school, the same time at which they attended primary school. But occasional exposure
prior to this age within the family circle was also reported. Some participants reported
reading the Koran on special occasions, like holidays, and others reading it at least once
per week. Since the participants are familiar with both left-to-right and right-to-left
writing systems, we refrain from making any predictions about the congruence between
the tense of the references (past/future) and the side of the past button (left/right).

Design. The experimental design was inspired by a bimanual response task elabo-
rated by Walker, Bergen, and Núñez (2017). The original experiment tested the front-
back and the left-right axis among English speakers in the US. Participants read stimuli
consisting of forty typical life events (NPs: e.g. your college graduation, adverbials:
e.g. yesterday, or verbal phrases using gerunds: e.g. getting your driver’s permit). They
had to indicate with a mouse click whether the event had taken place in the past of their
own lives or was likely to occur in the future (deictic judgment condition) or whether a
given event took place before or after another event (sequence judgment condition).

In the present experiment, in which only the deictic judgment condition was retained,
we used auditory rather than written stimuli, given that Pomak is a nonstandard variety
that is written only in informal communication. Participants made temporal judgments
that were related to the life of the experimenter rather than their own life, to increase the
relevance of the interlocutor in the responses. To investigate nominal tense, the stimuli
in our study consisted of NPs involving a deictic suffix, for example, ‘the[n-article] wed-
ding’. We tested only the left-right axis, which allows participants to see the experi-
menter. We added a manipulation to explore the effects of the experimenter’s location
with respect to the left or right key. 

Stimuli. Forty auditory stimuli were recorded by the research assistant, an eighteen-
year-old female Pomak speaker who was about to start her first year at university at the
moment of the study. Twenty stimuli corresponded to referents in the experimenter’s
past (e.g. ‘the baby teeth’), and twenty stimuli corresponded to referents that were
likely to occur in the experimenter’s future life (e.g. ‘the wedding’). 

Ten NPs could be identified as belonging to the past or future with the help of the
grammatical marker as well as semantic and pragmatic cues, for example, ‘the baby
teeth’ for past or ‘the wedding’ for future. By contrast, the other ten items could be rec-
ognized as belonging to the past or future only by means of the grammatical marker, for
example, ‘the friends’ with the t-article, with the intended meaning ‘the ex-friends’,
versus ‘the friends’ with the n-article, with the intended meaning ‘the future friends’
(see Table 1). The first-person possessive pronoun ‘my’, referring to the experimenter,
was used whenever possible, but generally it was more natural for past than for future
referents. We tested both relational nouns, like ‘boyfriend’ and ‘teeth’, and nonrela-
tional nouns, like ‘dress’, for which the possessive relation is not linked to the lexical
meaning of the noun, but can shift to being relational in favor of the possessor depend-
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ing on the pragmatic context (Vikner & Jensen 2002). Most nouns were singular, refer-
ring to a unique object, but some plurals were also used, referring to a maximal set of
objects, either with a definite article or a possessive pronoun and a definite article. Arti-
cles inflect for gender and number. We note that the locus of the articles in possessive
noun phrases is on the possessive rather than on the head nominal, with the exception of
the short form of the possessive pronoun that follows the definite noun. 

We also note that the articles could be interpreted in relation to the here and now, ei-
ther as distal (associated to the n-article) or as close to the interlocutor (associated to 
the t-article). However, we expected that the forced binary choice between past and 
future would guide participants toward a temporal interpretation throughout the en-
tire experiment. 
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Procedure. Participants were tested individually at their homes in a calm environ-
ment in the presence of the experimenter. The experimenter was the same person who
recorded the stimuli and to whose life the stimuli referred. She was either a family
member or a peer of the participants. Participants were seated in front of a laptop, ap-
proximately 60 cm from a fourteen-inch screen, and listened to the auditory stimuli
using headphones. The experimenter gave the instructions in Pomak prior to the exper-
iment. Participants were instructed to respond by pressing a key located to their left or
right when identifying an item as referring either to the experimenter’s past (napreʃn-et
‘past/ahead-past.article’) or to her future (kana-nu ʃe stane ‘when-future.article will
happen’). In some trials, the left key corresponded to the past and the right key to the fu-
ture, and in other trials it was the opposite. The experimenter did not use any gestures or
expressions involving the right or left. Following Walker, Bergen, and Núñez (2017),
the buttons to be pressed were color-coded, and participants were instructed at the be-
ginning of each block whether they had to press the white key (on the left) for past ref-
erents and the pink key (on the right) for future referents, or vice versa. Similar to the

strictly grammatical grammatical, semantic, and pragmatic
Past
moj-et telifon ‘my (past) telephone’ moj-et beʃik ‘my (past) baby bed’
moj-et metʃit ‘my (past) school’ moj-et verespit ‘my (past) bicycle’
moj-et ders ‘my (past) class’ moj-ta lulka ‘my (past) cradle’
moj-tu kutʃe ‘my (past) dog’ moj-ta kukla ‘my (past) doll’
moj-ta udayo ‘my (past) room’ moj-et jurgan ‘my (past) baby sleeping bag’
moj-et kopel ‘my (past) boyfriend’ moj-ta ʃiʃe ‘my (past) baby bottle’
moj-et guʒyk ‘my (past) coat’ moj-tu kuritu ‘my (past) baby bath’
moj-et fustan ‘my (past) dress’ porvi-te ʒobi ‘the (past) baby teeth’
moj-ta tʃanta ‘my (past) bag’ daskalitsa-ta ‘the (past) schoolteacher’
arkadaʃe-te ‘the (past) friends’ doln-et metʃit ‘the (past) Koran school’

Future
moj-nu kutʃe ‘my (future) dog’ moj-en tʃyljak ‘my (future) husband’
moj-ne dersve ‘my (future) classes’ moj-ne deti ‘my (future) children’
arkadaʃe-ne ‘the (future) friends’ moj-ne torune ‘my (future) grandchildren’
metʃit-en ‘the (future) school’ sfadba-na ‘the (future) wedding’
moj-ne dykjan ‘my (future) shop’ gelinlik-an ‘the (future) wedding dress’
moj-na kuliba ‘my (future) hut’ glavenik-an ‘the (future) fiancé’
mutor-an ‘the (future) scooter’ porsten-an ‘the (future) wedding ring’
tumafil-en ‘the (future) car’ diploma-nu ‘the (future) driving license’
nova-na koʃta ‘the (future) new house’ ajlik-an ‘the (future) salary’
kismet-en mi ‘my destiny (future)’ rabuta-na ‘the (future) work’

Table 1. Stimuli used in experiment 2 (forty noun phrases, of which twenty related to 
past referents and twenty to future referents).



original study, color-coding was not counterbalanced, as it was not expected to have an
effect on the results. Throughout the task, accuracy and reaction times were measured.
There were no time restrictions, but participants were told that both accuracy and speed
were important. They were allowed to take short breaks between blocks and interact
with the experimenter. The entire session lasted on average ten to fifteen minutes.

As in Walker, Bergen, & Núñez 2017, each participant completed four blocks. Each
block consisted of four practice trials and forty experimental trials, which were fully
randomized (see Table 1 for the list of the experimental items). In total, each participant
completed 160 experimental trials (4 blocks × 40 stimuli). In blocks 1 and 3, the button
for the past was located to the left of the participants and the button for the future was
located to their right. In blocks 2 and 4 the location was reversed: the past button was
located to the right and the future button was located to the left (see Figure 4).
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9 If we had fully counterbalanced both the past button position and the experimenter’s position, we would
have ended up with the experimenter having to change position more than once throughout the session. Al-
though this would have had an advantage in terms of experimental design, it would have made the experi-
mental setting and the role of the experimenter in it too unnatural.

 Subjects 1–20 Subjects 21–40 

 Block 1     
Past Future Past Future 

Experimenter   Experimenter 

 Block 2  
Future Past Future Past 

Experimenter   Experimenter 

 Block 3  
Past Future Past Future 

 Experimenter Experimenter  

 Block 4  
Future Past Future Past 

 Experimenter Experimenter  

 
Figure 4. A diagram of the setup in the Pomak experiment. In blocks 1 and 3, the past button was located on
the left side and the future button on the right side. In blocks 2 and 4, it was the opposite. For half of the
participants, the experimenter sat on the left side for two blocks and then moved to the right side for the 

remaining part of the experiment. For the other half, the experimenter started on the right side for two
blocks and then moved to the left side.

Testing the impact of the association between ‘interlocutor position’ and ‘past’ is
methodologically challenging. There is a qualitative difference between a situation
where someone interacts with an interlocutor and one where the interlocutor is an ob-
server during the experiment, even though she is the interlocutor during the experimen-
tal session and stimuli are related to her life. In an attempt to explore the impact of the
experimenter’s position, half of the participants started out with the experimenter sitting
to their left for two blocks, whereas in the following two blocks the experimenter sat to
their right. For the other half of the participants, the experimenter first sat to their right
for two blocks and then to their left for the following two blocks. The experimenter
changed sides only once during the experiment in order to make the change look as nat-
ural as possible. When asked why she was doing so, the experimenter replied that she
was not comfortable sitting on the other side (see Fig. 4). During the trials, the experi-
menter had a passive stance.9



Participants were asked to fixate a cross in the middle of the computer screen while
responding to the experiment, but our experiment did not include visual stimuli so there
is no guarantee that they did not shift their attention during the experiment to another
point, such as the keyboard. In either case, the experimenter would have been located
outside of the participant’s attention window, about 40º along the horizontal meridian
(Hüttermann, Noël, & Memmert 2017), but within the participant’s visual field, which
is five to six times bigger than the attention window (Hüttermann & Memmert 2017).
We avoided dead angles by keeping a distance of approximately 60 cm between the par-
ticipant and the experimenter. The participants were not informed about the goal of the
experiment. At the end of each block, they were given feedback through the Open
Sesame software about their success rate in the block.

Analysis. For the analysis of the accuracy data, correct button presses (that is, pressing
the key corresponding to the temporal reference conveyed by the presented item) were
coded as 1 and incorrect ones as 0. These data were analyzed with a Bayesian mixed-
effects model that assumes a Bernoulli distribution of the binary dependent variable. The
reaction times were analyzed with a Bayesian mixed-effects model that assumes a shifted
log-normal distribution of the dependent variable. The log-transformation is performed to
achieve a normal distribution of the reaction times, which are typically right-skewed.
Moreover, the distribution of the modeled reaction times is shifted because they can only
be positive (Nicenboim et al. 2018). All models were fitted with the ‘brms’ package in R.
The data from all of the experiments presented in this article, as well as the scripts used for
the analyses, can be accessed at https://osf.io/kbzmv/. 

The Bernoulli and shifted log-normal models had similar structures. The experimen-
tal factors we included were those of past button position (to the left or right of the
participant), experimenter position (near the past or the future button), tense (past
or future reference of the item), and marker (grammatical-only or grammatical-and-
pragmatic). In the fixed-effects part, we estimated parameters for an intercept, all of the
main effects of these four factors, and all of their possible interactions. In the random
effects adjusted for participants, we estimated parameters for intercepts, slopes for the
four main effects and for all possible interactions, and the correlations between inter-
cepts and slopes. In the random effects adjusted for items, we estimated parameters for
intercepts; slopes for the main effect of Past button position, Experimenter position, and
their interaction; and the correlations between intercepts and slopes (the other two fac-
tors were between-item variables, hence were not included in the random-effects part
for items).

We also ran two additional models, one for the accuracy data and one for the reac-
tion-time data, where we replaced Past button position with the factor experiment
half (second vs. first half ). The difference is that for the former factor, blocks 1 and 3
are merged (past button on the left) and blocks 2 and 4 are merged (past button on the
right). But this factor is confounded with the fact that the past button is always on 
the right in a later block in the course of the experimental session, as compared to the
blocks where the past button is on the left. In the Experiment half factor, blocks 1 and 2
are merged to form the first half and blocks 3 and 4 are merged to form the second half.
Thus, any effect of this factor would reflect a change in the performance pattern that is
due to the chronological order of the blocks (note that we cannot include the four blocks
separately as a factor, since there is a nonlinearity in the data that is not captured by the
models we use).

All of the variables in the models were centered around zero in the following manner:
the factor Past button position was coded as 1 (left) and −1 (right), Experimenter position
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was coded as 1 (near the past button) and −1 (near the future button), Tense was coded as
1 (future) and −1 (past), Marker was coded as 1 (grammatical-only) and −1 (grammati-
cal-and-pragmatic), and Experiment half was coded as 1 (second half) and −1 (first half ).
All model parameters were assigned weakly informative priors. In the Bernoulli model,
the fixed-effects parameters were assigned a normal distribution as prior with mean 0 and
standard deviation 10 (on logit scale), the random-effects parameters were assigned a
normal distribution with mean 0 and standard deviation 1, and the random correlation pa-
rameters were assigned an LKJ-correlation prior with zeta = 2. In the shifted log-normal
model, the fixed-effects parameters, the error sigma parameter, the shift parameter, and
the random-effects parameters were all assigned a normal distribution with mean 0 and
standard deviation 1 (on log scale), whereas the random correlation parameters were as-
signed an LKJ prior with zeta = 2. Each model was run with four Markov chains, in-
cluding 3,000 iterations per chain (sometimes increased to 6,000 iterations, if the
effective sample size was too low), of which the first half was discarded. We visually ver-
ified chain convergence, and checked that the R̂ statistics for all model parameters were
equal to 1 and that the numbers of effective samples per iteration were reasonably high.
3.2. Results. Prior to the analysis, we looked at each item individually, checking for

patterns in accuracy or in reaction times that were markedly different from the rest of
the items. In the accuracy data, one item (mojet beʃik ‘my (past) baby bed’) had an ex-
tremely low rate in two of the four conditions (mean proportion of accuracy: 0.15 and
0.05), as compared to the average rate of the remaining items (about 0.8). We therefore
excluded this item from the analysis in this experiment. For the reaction-time data
analysis, we followed a common procedure of excluding response times that were two
standard deviations faster or slower as compared to the overall group’s performance
across conditions. This resulted in the exclusion of about 4% of the data in the reaction-
time analysis. The appendix lists all of the items in the Pomak experiment along with
their mean proportion of accuracy and mean reaction times.

Accuracy. Overall, the accuracy rate on average was above 80%. This indicates that
participants understood the task and that the temporal information provided by the deic -
tic suffixes was sufficiently clear to guide them toward the correct answer. As can be
seen in Figure 5, which shows the accuracy data in the various experimental conditions,
participants pressed the correct button less often when both the past-corresponding but-
ton and the experimenter were located to their left than when the experimenter was next
to the future button on their right side. No such effect of experimenter location emerged
when the past button was on the right side of the participants. Also, the same pattern
emerges in past- and future-tense trials. As shown in Figure 6, the model for the accu-
racy data indicates that there is strong evidence for the interaction of Past button posi-
tion by Experimenter position, where zero is excluded from the 95% credible intervals
of the posterior (estimated posterior mean = −0.27; 95% CrI = [−0.54, −0.01]; probabil-
ity that the posterior is less than zero = 0.98). There was also evidence for the main ef-
fect of Marker (estimated posterior mean = −0.24; 95% CrI = [−0.43, −0.05];
probability that the posterior is less than zero = 0.99). This effect means that partici-
pants were more accurate when temporal reference was inferable using both the gram-
matical marker and pragmatics, as compared to when temporal reference was inferable
only through the grammatical marker. There was little to no evidence for the other fixed
effects, since zero was included in the 95% credible intervals of their posteriors.

Reaction times. For the analysis of the reaction times we kept only the trials with
correct button presses. Here, Experimenter position did not have any effect. The only
effect for which we found evidence is the main effect of Past button position. When the
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button corresponding to the past was located to the left of the participants, they took
longer to press it than when it was located on their right side (Figure 7). The posterior
distribution sampled for this effect had a range of positive numbers only (estimated pos-
terior mean = 0.05; 95% CrI = [0.03, 0.07]), and the probability that this posterior is less
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Figure 5. Mean accuracy rate (with 95% confidence intervals) in experiment 2 (Pomak) in relation to the
various experimental manipulations: the location of the past-corresponding button with respect to participants
(x-axis); NPs where temporal reference is marked only grammatically (left panels) or grammatically and
pragmatically (right panels); NPs in the past tense (top panels) or future tense (bottom panels). Black circles
stand for trials in which the experimenter was located next to the past-corresponding button; gray triangles 

stand for trials in which the experimenter was located next to the future-corresponding button.
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Figure 6. Accuracy data in experiment 2 (Pomak): posterior distributions for the fixed effects. The black dot
marks the posterior mean; the outer bars mark the 95% credible intervals; the inner bars mark the 

85% credible intervals; zero is marked with a vertical dashed line. 



than zero was close to 0. In other words, it is very unlikely that the true value of this pa-
rameter is negative (Figure 8). There was no evidence for the other fixed-effects model
terms, for all of which zero was included in the 95% credible intervals. 
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Figure 8. Reaction times in experiment 2 (Pomak): posterior distributions for the fixed effects. The black dot
marks the posterior mean; the outer bars mark the 95% credible intervals; the inner bars mark the 85%

credible intervals; zero is marked with a vertical dashed line.
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Figure 7. Mean reaction times in milliseconds (with 95% confidence intervals) in experiment 2 (Pomak) in
relation to the various experimental manipulations: the location of the past-corresponding button with respect
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Black circles stand for trials in which the experimenter was located next to the past-corresponding button; 
gray triangles stand for trials in which the experimenter was located next to the future-corresponding button.
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In the next step of the analysis, we replaced the factor Past button position with the
variable Experiment half. 

Accuracy (with the variable Experiment half). The accuracy data are shown in Fig-
ure 9, with the posteriors in Figure 10. The reaction-time data are shown in Figure 11
and the posteriors in Figure 12. The only effect for which there is evidence in the accu-
racy data analysis is the main effect of Marker (estimated posterior mean = −0.22; 95%
CrI = [−0.42, −0.04]; probability that the posterior is less than zero = 0.99), which, as
before, indicates participants’ higher accuracy rate when the temporal reference of the
nominal was inferable both grammatically and pragmatically. 

An experimental approach to nominal tense 527

Reaction times (with the variable Experiment half). In the reaction-time data, the
only effect for which there was evidence is the main effect of Experiment half (esti-
mated posterior mean = −0.06; 95% CrI = [−0.08, −0.04]; probability that the sampled
posterior was less than zero was close to 1). This effect reflects the fact, commonly
found in studies that measure reaction times, that participants pressed the button faster
in the second half of the experiment than in the first half, independently of the experi-
mental condition.

The crucial outcome of this second part of the analysis is that there is no evidence for
an interaction between Experiment half and any of the other experimental manipulations. 

An additional visual inspection of accuracy and reaction times allows us to check
more specifically the effect of the order of blocks in the experiment; see graphs in Fig-
ures 13 and 14. Recall that the past button was located to the left of the participants in
blocks 1 and 3, and to their right in blocks 2 and 4. Since this was the case for all par-
ticipants, we wanted to investigate whether there may be any learning effects during the
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Figure 9. Mean accuracy rate (with 95% confidence intervals) in experiment 2 (Pomak), with the experiment
half on the x-axis (blocks 1 and 2 vs. blocks 3 and 4). NPs where temporal reference is marked only gram-
matically are in the left panels; NPs where temporal reference is marked grammatically and pragmatically are
in the right panels. NPs in the past tense are in the top panels; NPs in the future tense are in the bottom pan-
els. Black circles stand for trials in which the experimenter was located next to the past-corresponding button;
gray triangles stand for trials in which the experimenter was located next to the future-corresponding button.



experiment due to some expectations that participants might have developed when
moving from one block to the next. 

As can be seen in Fig. 13, overall throughout the experiment participants did gradu-
ally push the buttons faster, which is expected when measuring reaction times. We ac-

528 LANGUAGE, VOLUME 96, NUMBER 3 (2020)

Figure 11. Mean reaction times in milliseconds (with 95% confidence intervals) in experiment 2 (Pomak),
with the experiment half on the x-axis (blocks 1 and 2 vs. blocks 3 and 4). NPs where temporal reference is 
marked only grammatically are in the left panels; NPs where tense is marked grammatically and pragmati-
cally are in the right panels. NPs in the past tense are in the top panels; NPs in the future tense are in the 

bottom panels. Black circles stand for trials in which the experimenter was located next to the past-
corresponding button; gray triangles stand for trials in which the experimenter was located 

next to the future-corresponding button.
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Figure 10. Accuracy data in experiment 2 (Pomak)—checking the effect of experiment half: posterior
distributions for the fixed effects. The black dot marks the posterior mean; the outer bars mark the 95% 
credible intervals; the inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.
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knowledge that this may account for the overall faster right-handed responses that cor-
respond to blocks 2 and 4. For this reason we refrain from drawing any conclusions
about the interaction between button position and reaction times. 

An experimental approach to nominal tense 529

Figure 13. Mean reaction times in milliseconds (with 95% confidence intervals) in experiment 2 (Pomak) in
each block of the experiment (x-axis) for each group of participants. Subjects 1–20 had the experimenter on
the left side for the first two blocks and then on the right side for last two blocks. Subjects 21–40 had the
experimenter to the right in the first two blocks and to the left in the last two blocks. All participants had the 

past button on the left in blocks 1 and 3 and on the right in blocks 2 and 4 (cf. Fig. 4).

Experiment alf

Experimenter osition

Tense

Marker

Experiment alf : Experimenter osition

Experiment alf : Tense

Experimenter osition : Tense

Experiment alf : Marker

Experimenter osition : Marker

Tense : Marker

Experiment alf : Experimenter osition : Tense

Experiment alf : Experimenter osition : Marker

Experiment alf : Tense : Marker

Experimenter osition : Tense : Marker

Experiment alf : Experimenter osition : Tense : Marker

−0.10 −0.05 0.00 0.05

Estimated difference (β̂) on log scale

Figure 12. Reaction times in experiment 2 (Pomak)—checking the effect of experiment half: posterior
distributions for the fixed effects. The black dot marks the posterior mean; the outer bars mark the 95%
credible intervals; the inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.
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However, when looking at accuracy rates in the various blocks, in Fig. 14, it appears
that the two groups did not get consistently more accurate throughout the blocks (com-
pare responses for the first group in black and for the second group in gray). In particu-
lar, block 1 for the first group and block 3 for the second group, which were the same in
terms of past button position and experimenter position, had the lowest accuracy rates
in each group, as compared to all of the other blocks. This means that when the past but-
ton and the experimenter are both on the left side, accuracy rate decreases regardless of
whether this condition appears first or third in the order of blocks.
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In the final part of our analysis, we consider the fact that, in our stimuli, the first-per-
son possessive pronoun occurs more in past than in future items. This means that, in
past items, there might be a stronger association with the experimenter’s life, through
the possessive pronoun ‘my’ pronounced by the experimenter herself, than in future
items. To exclude the possibility that this might have had an influence on the subjects’
performance, we divided the items based on whether they contained a possessive pro-
noun or not, and ran two more models, one for the accuracy data and one for the reac-
tion-time data, in which the factor Tense was replaced by the factor possessive. There
was no evidence for such an effect of the possessive pronoun (either as a main effect or
in interaction with the other factors). Whether or not the possessive pronoun occurred
did not affect the accuracy rate or the time taken to respond. The full results of this
analysis can be found in the online repository, along with the data and analysis scripts.
3.3. Discussion. The Pomak experimental data support the claim that nominal tense

can provide temporal information independently of verbal tense (e.g. Nordlinger &
Sadler 2004, Adamou 2011, Lecarme 2012). The results, however, indicate that lexical
and pragmatic association to past and future made the temporal interpretation more ac-
curate. Indeed, when the auditory stimuli could be interpreted as referents to the past of
the experimenter’s life based both on the grammatical marker and on semantic and

0.6

0.7

0.8

0.9

1 2 3 4
Order of blocks in the experiment

m
ea

n 
ac

cu
ra

cy

Group of subjects:

subjects 1−20
subjects 21−40

Figure 14. Mean accuracy rate (with 95% confidence intervals) in experiment 2 (Pomak) in each block of the
experiment (x-axis) for each group of participants. Subjects 1–20 had the experimenter on the left side for the
first two blocks and then on the right side for last two blocks. Subjects 21–40 had the experimenter to the right
in the first two blocks and to the left in the last two blocks. All participants had the past button on the left in 

blocks 1 and 3 and on the right in blocks 2 and 4 (cf. Fig. 4).



pragmatic meaning (e.g. ‘the baby teeth’), participants were more accurate than on
items that were not specifically related to past referents, for example, ‘the dress’, ‘the
bag’, ‘the coat’, and where tense was marked only grammatically. 

The present study also investigated whether the experimenter’s position during the
experiment influenced manual response times among speakers of a language where the
interlocutor’s sphere is associated with past referents. While we predicted that the ex-
perimenter’s position near the past button would facilitate responses, we did not ob-
serve this pattern. On the one hand, the statistical analysis did not reveal an effect of the
experimenter’s position on speed: participants responded faster when the past button
was on the right than when it was on the left, independently of linguistic cues such as
tense and nonlinguistic ones like the experimenter’s position. On the other hand, when
past responses required the use of the left hand, the location of the experimenter did
have an effect on their level of accuracy, albeit an unexpected one. More specifically,
when participants used their left hand to respond to the past and the experimenter was
on the participant’s right side, close to the participant’s right hand, participants were as
accurate as when responding for the past using their right hand. This result goes against
our prediction that past responses using the left hand would have been facilitated by
having the experimenter on participant’s left side, close to the designated past button. 

What could account for the observed interaction pattern where the past/left-hand
condition responses are more accurate only when the experimenter is not close to the
designated button for past responses? As it stands, there is no plausible explanation for
this fact. One interpretation could be that for Pomaks the right side is associated with
the past and that the experimenter’s position effect takes place in the noncongruent
past/left-hand condition only when the experimenter is in the congruent past/right-
sphere position. At present, however, our data do not allow for such an unambiguous in-
terpretation of the button-position effect because of the order of the blocks. Another
potential factor that could account for the differing patterns in the two groups is differ-
ing education levels. For instance, more-educated participants might have learned the
task faster than lesser-educated participants. But participants of various education lev-
els were equally distributed in the two groups, and therefore education cannot account
for the differences in the behavior of the groups. Finally, we would like to note that the
interaction between past button position and experimenter position does not appear to
be due to the more or less frequent occurrence of the first-person possessive pronoun in
past versus future items. The analysis of the data in which items were divided based on
the occurrence of the possessive pronoun did not show evidence for such an effect.

The next experiment assessed whether the effect of the experimenter’s position is
language-independent. In this experiment, the same task was performed again with
Pomak speakers, but this time in Greek.

4. Experiment 3. The goal of this experiment was to see whether the effect of the ex-
perimenter’s position found in experiment 2 in Pomak also emerges when the task is
performed in Greek, a language that does not encode tense on the NP. If the effect
emerges, this would suggest that it is language-independent and could be related to the
experimental design or attentional factors. However, if the experimenter-position effect
is not replicated in Greek, this would suggest that it has a linguistic component. 
4.1. Methodology.
Participants. The same forty L1-Pomak speakers who participated in experiment 1

were tested on experiment 3 as well. Half of them had also participated in experiment 2,
but with a year between the tasks. For the Greek experiment, we were careful to involve
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as many Pomak speakers as possible who were also fluent in Greek. All participants re-
ported fluently speaking Pomak (M = 4.83) and Greek (M = 4.87). Additionally, thirty-
four reported speaking Turkish (M = 3.95), and several declared having studied English.
Six participants had attended at most primary school, fifteen secondary school, and nine-
teen university. They had all learned to read the Koran and/or attended Koranic school.

Design, stimuli, and procedure. The design was fundamentally the same as in ex-
periment 2. In contrast to Pomak, however, Greek does not encode tense grammatically
in the NP; in fact, we refer to this property of Greek as temporal reference rather
than tense. For this reason, we did not have a manipulation related to whether the tem-
poral reference was encoded grammatically, as in Pomak. The auditory stimuli were
recorded by the same female speaker who recorded the stimuli in the Pomak experi-
ment. Like in the previous experiment, twenty stimuli corresponded to referents in the
experimenter’s past and twenty stimuli corresponded to referents that were likely to
occur in the experimenter’s future. To make the comparison to Pomak as similar as pos-
sible, all of the Pomak items where temporal reference was marked both grammatically
and pragmatically (except for two items) were translated into Greek, where they are
only pragmatically marked, as mentioned above. Instead of the grammatical-only
Pomak items, new items were added for Greek containing semantic and pragmatic in-
formation for past and future reference. Another difference with respect to Pomak is
that in Greek the majority of the items contained both a definite article and a first-per-
son possessive pronoun (all twenty past items; sixteen out of twenty future items). The
procedure was the same as in experiment 2, but the instructions were provided in Greek.

Analysis. The treatment of the accuracy and reaction-time data for the analysis was
the same as in experiment 2. The model included the factors Past button position, Ex-
perimenter position, and temporal reference (the latter factor has two levels: past
and future; we avoid using the factor label ‘Tense’ since, as stated, tense is not encoded
grammatically in Greek NPs). Unlike in the previous experiment, there was no manipu-
lation of the way temporal reference was marked; in all items, it was marked only se-
mantically/pragmatically (e.g. ‘my baby teeth’ for past vs. ‘my wedding’ for future).
The fixed-effects part included parameters for an intercept, all of the main effects of the
three factors, and all of their possible interactions. In the random effects adjusted for
participants, we estimated parameters for intercepts, slopes for the three main effects
and for all possible interactions, and the correlations between intercepts and slopes. In
the random effects adjusted for items, we estimated parameters for intercepts; slopes for
the main effect of Past button position, Experimenter position, and their interaction; and
the correlations between intercepts and slopes. In a second step of the analysis, we fit
models similar to the first ones, but where the Past button position factor was replaced
with Experiment half.

Like in experiment 2, all variables were coded by means of 1 and −1 to center them
around zero, and weakly informative priors were used. Each model ran with four
Markov chains, including 3,000 iterations per chain (increased to 6,000 if required to
obtain better estimation), of which the first half were discarded. We visually verified
chain convergence, and checked that the R̂ statistics for all model parameters were equal
to 1 and that the number of effective samples per iteration was reasonably high.
4.2. Results. Like in experiment 2, we checked the Greek data for items with re-

sponse patterns that differed substantially with respect to the rest of the items. No such
items were identified in the accuracy data. From the analysis of the reaction-time data
we again excluded response times that were two standard deviations faster or slower as
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compared to the overall group’s performance across conditions. This resulted in the ex-
clusion of about 4% of the reaction-time data. The appendix contains tables listing all of
the Greek items along with their mean proportion of accuracy and mean reaction times.

Accuracy. The accuracy rate in this experiment, across all conditions, was 85% on
average, confirming that participants understood and performed the task without diffi-
culty. Participants’ performance in pressing the correct button with respect to the vari-
ous conditions is shown in Figure 15. The analysis revealed evidence for the main effect
of Temporal reference (estimated posterior mean = −0.35; 95% CrI = [−0.69, −0.04];
probability that the posterior is less than zero = 0.98) and for the interaction of Tempo-
ral reference by Past button position (estimated posterior mean = −0.25; 95% CrI =
[−0.46, −0.05]; probability that the posterior is less than zero = 0.99). These effects in-
dicate that when the past button was on the right side, future and past items were an-
swered with comparable accuracy. But when the past button was on the left side,
participants were less accurate on past items than on future ones. There was no evi-
dence for the other fixed effects, whose posterior’s 95% credible intervals included zero
(Figure 16).
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Reaction times. As in the previous experiment, only correct trials were included in
the analysis of the reaction times, which are plotted in Figure 17. The only effect for
which there was evidence is the main effect of Past button position (estimated posterior
mean = 0.03; 95% CrI = [0.02, 0.04]; probability that the posterior is less than zero was
close to 0). This effect reflects the fact that participants pressed the past button faster
when it was located to their right than when it was located to their left. There was no ev-
idence for the other fixed effects in the model (Figure 18).

In the second step of the analysis, like in experiment 2, we checked the effect of the
variable Experiment half. The accuracy data are shown in Figure 19 and the posteriors in
Figure 20; the reaction-time data are shown in Figure 21 and the posteriors in Figure 22.
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Figure 15. Mean accuracy rate (with 95% confidence intervals) in experiment 3 (Greek) in relation to the
various experimental manipulations: the location with respect to participants of the past-corresponding button
(x-axis); sentences with past (left panel) or future temporal reference (right panel). Black circles stand for
trials in which the experimenter was located next to the past-corresponding button; gray triangles stand for 

trials in which the experimenter was located next to the future-corresponding button.



Accuracy (with the variable Experiment half ). In the accuracy data there was evi-
dence only for the main effect of Temporal reference (estimated posterior mean =
−0.34; 95% CrI = [−0.67, −0.03]; probability that the posterior is less than zero = 0.98),
reflecting a pattern parallel to the one found when the blocks were divided based on the
past button position in which accuracy was higher for future than for past items. 
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Figure 17. Mean reaction times in milliseconds (with 95% confidence intervals) in experiment 3 (Greek) in
relation to the various experimental manipulations: the location with respect to participants of the past-
corresponding button (x-axis); sentences with past (left panel) or future temporal reference (right panel).
Black circles stand for trials in which the experimenter was located next to the past-corresponding button; 
gray triangles stand for trials in which the experimenter was located next to the future-corresponding button.
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Figure 16. Accuracy data in experiment 3 (Greek): posterior distributions for the fixed effects. The black dot
marks the posterior mean; the outer bars mark the 95% credible intervals; the inner bars mark the 85%

credible intervals; zero is marked with a vertical dashed line.
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Reaction times (with the variable Experiment half ). In the reaction-time data there
was only evidence for the main effect of Experiment half (estimated posterior mean =
−0.05; 95% CrI = [−0.07, −0.04]; probability that the posterior is less than zero was
close to 1), indicating that participants overall, independently of other experimental ma-
nipulations, pressed the button faster in the second two blocks of the experiment than in
the first.

An experimental approach to nominal tense 535

Figure 19. Mean accuracy rate (with 95% confidence intervals) in experiment 3 (Greek), with the experi-
ment half on the x-axis (blocks 1 and 2 vs. blocks 3 and 4). Sentences with past temporal reference are in the
left panel; sentences with future temporal reference are in the right panel. Black circles stand for trials in
which the experimenter was located next to the past-corresponding button; gray triangles stand for trials in 

which the experimenter was located next to the future-corresponding button.
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Figure 18. Reaction times in experiment 3 (Greek): posterior distributions for the fixed effects. The black
dot marks the posterior mean; the outer bars mark the 95% credible intervals; the inner bars mark 

the 85% credible intervals; zero is marked with a vertical dashed line.
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Analysis of the results of experiments 2 and 3 together. In a final step of the
analysis we wanted to confirm the difference between the Pomak and the Greek results,
in terms of the experimenter’s position in relation to the past button position. In this
analysis we combined the data from the two languages (experiments 2 and 3). We ran one
model for the accuracy data and one for the reaction times using the same procedure as
before, whereby each model contained the factors Past button position (left/right), Ex-
perimenter position (near the past/future button), and language (Pomak/Greek). We
collapsed the past and future items in each language together, since we found no evidence
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Figure 20. Accuracy data in experiment 3 (Greek)—checking the effect of experiment half: posterior distri-
butions for the fixed effects. The black dot marks the posterior mean; the outer bars mark the 95% credible 

intervals; the inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.
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Figure 21. Mean reaction times in milliseconds (with 95% confidence intervals) in experiment 3 (Greek),
with the experiment half on the x-axis (blocks 1 and 2 vs. blocks 3 and 4). Sentences with past temporal
reference are in the left panel; sentences with future temporal reference are in the right panel. Black circles
stand for trials in which the experimenter was located next to the past-corresponding button; gray triangles 

stand for trials in which the experimenter was located next to the future-corresponding button.



for an effect of Tense in either language. In the Pomak data, we also collapsed together
the items that were marked only grammatically and those marked both grammatically
and pragmatically. This manipulation, which was impossible to test for in Greek (where
the items were pragmatically marked only), remains relevant only for the Pomak data.
The significance of these results is discussed in the section on experiment 2. Moreover,
we did not test the effect of Experiment half here, since there was no evidence for its sig-
nificance in the analyses conducted separately for each language.

The fixed-effects part of the model included an intercept, the three main effects of the
above-mentioned factors, and all possible interactions. In the random-effects part for
subjects we estimated an intercept and slopes of the main effects and interaction of Past
button position and Experimenter position, as well as their correlation. The same pa-
rameters were estimated in the random-effects part for all items.

Figure 23 shows the accuracy data in both languages. The model (posteriors plotted
in Figure 24) confirmed that the experimenter’s position interacted differently with the
past button position in each language, as indicated by the three-way interaction (esti-
mated posterior mean = −0.26; 95% CrI = [−0.47, −0.05]; probability that the posterior
is less than zero = 0.99). As for the reaction times (data shown in Figure 25 and the pos-
teriors in Figure 26), there was evidence only for the main effect of Past button position
(estimated posterior mean = 0.03; 95% CrI = [0.02, 0.05]; the estimated probability that
the posterior is less than zero was close to 0), indicating that participants pressed the
past button faster when it was located to their right. This effect was independent of the
experimenter’s position and was the same in both languages.
4.3. Discussion. In Greek, we did not find an effect of the experimenter’s location on

accuracy or reaction times. This suggests that the experimenter’s position effect noted
in Pomak is not due to general attentional processes or to the experimental design and
block order; otherwise we would have found the same effect in both languages. One in-
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Figure 22. Reaction times in experiment 3 (Greek)—checking the effect of experiment half: posterior distri-
butions for the fixed effects. The black dot marks the posterior mean; the outer bars mark the 95% credible

intervals; the inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.



terpretation could be that the effect in Pomak is language-related, possibly stemming
from the association of the two values of the t-article, the realis past value and the prag-
matic-spatial value ‘close to the interlocutor’. However, as discussed in experiment 2,
at present there is no plausible explanation for why the effect is noted with left-
hand/past responses when the experimenter is next to the participant’s right hand. 
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Figure 24. Accuracy data in the model comparing Pomak and Greek: posterior distributions for the fixed
effects. The black dot marks the mean of the distribution; the outer bars mark the 95% credible intervals; the 

inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.
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Figure 23. Mean accuracy rate (with 95% confidence intervals) when comparing the Pomak (left panel) and
Greek data (right panel) as regards the location with respect to participants of the past-corresponding button 
(x-axis). Black circles stand for trials in which the experimenter was located next to the past-corresponding

button; gray triangles stand for trials in which the experimenter was located next to 
the future-corresponding button.
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In the analysis of the reaction times, the main effect of Past button position was the
same in both languages, with participants responding faster to past reference when the
button was on the right side. Recall that, as in experiment 2, blocks 2 and 4 involved
right-hand responses for past. Given that participants were faster throughout the task,
the faster responses using the right hand could be associated with the specificities of the
experimental design. 
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Figure 26. Reaction times in the model comparing Pomak and Greek: posterior distributions for the fixed
effects. The black dot marks the posterior mean; the outer bars mark the 95% credible intervals; 

the inner bars mark the 85% credible intervals; zero is marked with a vertical dashed line.
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Figure 25. Mean reaction times in milliseconds (with 95% confidence intervals) when comparing the Pomak
(left panel) and Greek data (right panel) as regards the location with respect to participants of the past-

corresponding button (x-axis). Black circles stand for trials in which the experimenter was located 
next to the past-corresponding button; gray triangles stand for trials in which the 

experimenter was located next to the future-corresponding button.
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In addition, we found in experiment 3 in Greek that, when the past button was on the
left, participants were less accurate on past items than on future items. In comparison,
in the Pomak experiment accuracy of responses to past items with a past button located
on the left was significantly improved when the experimenter was sitting on the partic-
ipants’ right side. This effect was not observed in Greek. We can hypothesize that, un-
like Pomak, Greek does not offer any linguistic cues that could facilitate the processing
of the past items using the left hand, thus resulting in more errors. However, this hy-
pothesis still does not provide an adequate explanation of the observed pattern in
Pomak. Finally, the reason we observe reduced accuracy in the left-hand condition in
past items but not in future ones in the Greek experiment remains an open question to
be further investigated. 

5. General discussion. This is the first study to provide experimental evidence rel-
evant to the existence of nominal tense. In particular, by investigating nominal tense
with an acceptability judgment task and a reaction-time experiment, it complements ex-
isting studies that document nominal tense in production using elicitation and naturalis-
tic corpus data. In addition, our focus on Pomak, a Slavic language with clear-cut
verb-noun opposition and uncontroversial use of verbal tense, helps set aside the diffi-
culties that arise with the analysis of nominal tense in tenseless languages and in lan-
guages where the opposition between nouns and verbs may cast doubt on the reality of
nominal tense. 

More specifically, the acceptability judgment task in Pomak (experiment 1) demon-
strates that nominal tense, as expressed through deictic suffixes, provides temporal in-
formation that is sensitive to clausal tense: agreement between nominal and verbal
tense is preferred over lack of agreement. However, our study also shows that lack of
temporal agreement between nominal and verbal tense is not as unacceptable as, for ex-
ample, lack of gender agreement. We interpret this as evidence that an independent NP
temporal interpretation may be triggered. The button-press task in Pomak (experiment
2) further shows that nominal tense can provide temporal reference in the absence of
verbal tense, as deictic suffixes alone allowed the comprehenders to select a past or fu-
ture interpretation, even though success rates improved for nominals that had an addi-
tional semantic and pragmatic temporal reference. The present study therefore supports
an analysis of nominal tense as a grammatical phenomenon and not as an implicature
(e.g. Nordlinger & Sadler 2004, Lecarme 2012). 

Finally, our study draws attention to a typologically rare linguistic phenomenon, in
which the past is associated with the interlocutor’s sphere. In Pomak, by manipulating
the position of the experimenter, around whom we built the auditory stimuli, we ex-
plored the cognitive reality of deictic suffixes, which combine spatial, temporal, and so-
cial cues. Although our data point to the existence of an effect of experimenter’s
location in the Pomak experiment in comparison to the Greek experiment, we currently
have no adequate theoretical explanation for this finding. Indeed, we expected the ex-
perimenter’s location to provide a facilitation cue to past responses when the experi-
menter was near the past button. We found the opposite pattern: the experimenter’s
location facilitated the responses only when the experimenter was sitting on the oppo-
site side. In addition, this effect was not consistent for responses using both hands but
was restricted to left-hand responses, an asymmetric effect that calls for adequate ex-
planation. As the study of the role of the interlocutor on the conceptualization of time is
exploratory, we should interpret these results with caution. In order to better understand
the role of the experimenter’s position, future research should more closely examine the
role of button position and its interaction with the experimenter’s location. This could
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be resolved with a different design that would counterbalance both button position and
the experimenter’s location. Moreover, future studies could test whether the interaction
patterns observed can be affected by the education levels of the participants.

In conclusion, the present study demonstrates that Pomak deictic suffixes provide
temporal information at the level of the NP. We hope that it also illustrates the merits of
the experimental method, and we anticipate similar findings in the other languages with
nominal tense that have been reported in the literature. 

APPENDIX A: ITEMS FROM EXPERIMENT 2 (POMAK) WITH MEAN ACCURACY (IN PROPORTIONS) AND

REACTION TIMES (IN MS) FOR EACH ITEM

item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.85 1851

1. mojet metʃit Past 0.65 2081
‘my school’ Right Future 0.85 1666

Past 0.85 1827

Left Future 0.80 1968

2. mojet ders Past 0.78 2033
‘my class’ Right Future 0.88 1716

Past 0.83 1824

Left Future 0.80 1868

3. mojet telifon Past 0.75 1851
‘my telephone’ Right Future 0.80 1729

Past 0.83 1640

Left Future 0.73 2022

4. arkadaʃete Past 0.58 2046
‘the friends’ Right Future 0.75 1884

Past 0.78 1874

Left Future 0.90 2038

5. mojet fustan Past 0.70 1809
‘my dress’ Right Future 0.83 1668

Past 0.85 1800

Left Future 0.93 1744

6. mojta tʃanta Past 0.73 1781
‘my bag’ Right Future 0.80 1610

Past 0.90 1776

Left Future 0.83 1966

7. mojet guʒyk Past 0.78 1876
‘my coat’ Right Future 0.83 1684

Past 0.90 1755

Left Future 0.73 2030

8. mojet kopel Past 0.65 2105
‘my boyfriend’ Right Future 0.80 1890

Past 0.73 1817

Left Future 0.88 1749

9. mojta udayo Past 0.78 1821
‘my room’ Right Future 0.85 1588

Past 0.85 1595

Left Future 0.78 2026

10. mojtu kutʃe Past 0.80 1968
‘my dog’ Right Future 0.83 1767

Past 0.88 1785

Table A1. Past items—grammatical marker only.
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item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.93 2069

11. porvite ʒobi Past 0.78 1928
‘the baby teeth’ Right Future 0.83 1859

Past 0.90 1770

Left Future 0.90 2143

12. dolnet metʃit Past 0.63 1990
‘the Koran school’ Right Future 0.75 1715

Past 0.80 1929

Left Future 0.83 1816

13. mojet verespit Past 0.75 1590
‘my bicycle’ Right Future 0.85 1725

Past 0.95 1748

Left Future 0.88 1927

14. mojet beʃik Past 0.75 1921
‘my baby bed’ Right Future 0.15 1761

Past 0.05 2130

Left Future 0.93 1882

15. mojta lulka Past 0.78 1967
‘my cradle’ Right Future 0.85 1931

Past 0.90 1646

Left Future 0.90 2023

16. mojta kukla Past 0.73 2092
‘my doll’ Right Future 0.95 1905

Past 0.90 1782

Left Future 0.93 1794

17. mojtu kuritu Past 0.75 1877
‘my baby bath’ Right Future 0.85 1738

Past 0.85 1794

Left Future 0.78 2303

18. daskalitsata Past 0.73 2251
‘the schoolteacher’ Right Future 0.85 1969

Past 0.88 2035

Left Future 0.88 1896

19. mojet jurgan Past 0.73 1819
‘my baby sleeping bag’ Right Future 0.93 1702

Past 0.98 1671

Left Future 0.85 1949

20. mojta ʃiʃe Past 0.73 2199
‘my baby bottle’ Right Future 0.95 1852

Past 0.90 1746

Table A2. Past items—grammatical and pragmatic marker.

item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.80 1881

1. metʃiten Past 0.60 1789
‘the school’ Right Future 0.83 1602

Past 0.70 1736

Left Future 0.88 2018

2. novana koʃta Past 0.85 2188
‘the new house’ Right Future 0.88 1816

Past 0.90 1931

(Table A3. Continues)

542 LANGUAGE, VOLUME 96, NUMBER 3 (2020)



item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.83 1557

3. mutoran Past 0.75 1677
‘the scooter’ Right Future 0.88 1601

Past 0.88 1514

Left Future 0.80 2044

4. mojnu kutʃe Past 0.70 1931
‘my dog’ Right Future 0.68 1778

Past 0.88 1740

Left Future 0.85 1608

5. tumafilen Past 0.75 1806
‘the car’ Right Future 0.78 1727

Past 0.95 1694

Left Future 0.85 1784

6. kismeten mi Past 0.75 2026
‘my destiny’ Right Future 0.80 1615

Past 0.83 1713

Left Future 0.80 2158

7. arkadaʃene Past 0.75 2182
‘the friends’ Right Future 0.85 1839

Past 0.85 2013

Left Future 0.73 2036

8. mojne dersve Past 0.73 1984
‘my classes’ Right Future 0.80 1665

Past 0.78 1759

Left Future 0.83 1759

9. mojne dykjan Past 0.68 1623
‘my shop’ Right Future 0.85 1645

Past 0.85 1551

Left Future 0.78 2052

10. mojna kuliba Past 0.68 2027
‘my hut’ Right Future 0.75 1586

Past 0.83 1602

Table A3. Future items—grammatical marker only.

item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.88 1983

11. sfadbana Past 0.83 1916
‘the wedding’ Right Future 0.90 1761

Past 0.93 1851

Left Future 0.90 1884

12. mojen tʃyljak Past 0.75 1850
‘my husband’ Right Future 0.85 1844

Past 0.93 1776

Left Future 0.93 1791

13. mojne deti Past 0.73 1853
‘my children’ Right Future 0.83 1750

Past 0.90 1656

Left Future 0.85 1790

14. mojne torune Past 0.75 1962
‘my grandchildren’ Right Future 0.85 1746

Past 0.80 1600

(Table A4. Continues)
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item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.90 1701

15. diplomanu Past 0.70 1695
‘the driving license’ Right Future 0.90 1504

Past 0.85 1677

Left Future 0.80 1953

16. rabutana Past 0.65 1772
‘the work’ Right Future 0.83 1605

Past 0.93 1719

Left Future 0.85 1633

17. gelinlikan Past 0.63 1798
‘the wedding dress’ Right Future 0.88 1539

Past 0.85 1579

Left Future 0.83 1669

18. porstenan Past 0.70 1791
‘the wedding ring’ Right Future 0.90 1513

Past 0.88 1541

Left Future 0.80 1774

19. ajlikan Past 0.73 1697
‘the salary’ Right Future 0.90 1522

Past 0.85 1396

Left Future 0.83 1955

20. glavenikan Past 0.70 2023
‘the fiancé’ Right Future 0.90 1925

Past 0.93 1880

Table A4. Future items—grammatical and pragmatic marker.

APPENDIX B: ITEMS FROM EXPERIMENT 3 (GREEK) WITH MEAN ACCURACY (IN PROPORTIONS) AND

REACTION TIMES (IN MS) FOR EACH ITEM

item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.85 1752

1. η πιπίλα μου Past 0.88 1697
‘my pacifier’ Right Future 0.88 1650

Past 0.90 1648

Left Future 0.82 1579

2. το αρκουδάκι μου Past 0.90 1823
‘my teddy bear’ Right Future 0.88 1692

Past 0.88 1546

Left Future 0.82 1827

3. τα σχολικά μου Past 0.88 1830
‘my school materials’ Right Future 0.88 1826

Past 0.88 1598

Left Future 0.87 1861

4. τα παιχνίδια μου Past 0.88 1921
‘my toys’ Right Future 0.88 1793

Past 0.90 1791

Left Future 0.82 1920

5. οι δασκάλες μου Past 0.85 2013
‘my teachers’ Right Future 0.85 1771

Past 0.83 1760

(Table A5. Continues)
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item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.79 1890

6. το θρανίο μου Past 0.90 1844
‘my school desk’ Right Future 0.93 1657

Past 0.83 1619

Left Future 0.72 1799

7. τα μπρατσάκια μου Past 0.78 2039
‘my floaties’ Right Future 0.78 1775

Past 0.78 1806

Left Future 0.85 1562

8. οι πάνες μου Past 0.93 1642
‘my diapers’ Right Future 0.88 1446

Past 0.88 1448

Left Future 0.79 1407

9. το ποδήλατό μου Past 0.88 1515
‘my bicycle’ Right Future 0.85 1341

Past 0.88 1428

Left Future 0.67 2224

10. οι κασέτες μου Past 0.80 2201
‘my cassettes’ Right Future 0.90 1928

Past 0.80 1805

Left Future 0.82 1805

11. το κρεβατάκι μου Past 0.85 1720
‘my baby bed’ Right Future 0.88 1547

Past 0.80 1519

Left Future 0.79 1815

12. τα παπουτσάκια μου Past 0.88 1856
‘my baby shoes’ Right Future 0.88 1693

Past 0.90 1697

Left Future 0.79 1674

13. η κούνια μου Past 0.93 1806
‘my cradle’ Right Future 0.88 1663

Past 0.83 1625

Left Future 0.85 1795

14. η κούκλα μου Past 0.88 1817
‘my doll’ Right Future 0.90 1656

Past 0.88 1704

Left Future 0.62 1855

15. ο υπνόσακος μου Past 0.75 1846
‘my baby sleeping bag’ Right Future 0.73 1928

Past 0.68 2210

Left Future 0.85 1695

16. το μπιμπερό μου Past 0.93 1670
‘my baby bottle’ Right Future 0.83 1759

Past 0.90 1683

Left Future 0.79 1914

17. το καρότσι μου Past 0.83 1875
‘my cart’ Right Future 0.85 1850

Past 0.88 1838

Left Future 0.85 1850

18. τα πρώτα μου δόντια Past 0.93 1852
‘my baby teeth’ Right Future 0.85 1834

Past 0.90 2041

(Table A5. Continues)
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item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.74 1982

19. το μπαλέτο μου Past 0.78 1935
‘my ballet class’ Right Future 0.85 1769

Past 0.80 1858

Left Future 0.85 1625

20. το νηπιαγωγείο μου Past 0.83 1685
‘my kindergarten’ Right Future 0.88 1524

Past 0.88 1633

Table A5. Past items.

item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.87 1892

1. ο αρραβώνας μου Past 0.85 1802
‘my engagement party’ Right Future 0.85 1664

Past 0.85 1659

Left Future 0.87 1813

2. η κηδεία μου Past 0.88 1661
‘my funeral’ Right Future 0.93 1560

Past 0.88 1562

Left Future 0.85 1760

3. το πτυχίο μου Past 0.93 1794
‘my graduate degree’ Right Future 0.90 1667

Past 0.85 1699

Left Future 0.85 1972

4. τα άσπρα μαλλιά μου Past 0.85 1946
‘my white hair’ Right Future 0.83 1675

Past 0.83 1770

Left Future 0.89 1492

5. Αλτσχάιμερ Past 0.90 1343
‘Alzheimer’s’ Right Future 0.90 1587

Past 0.88 1413

Left Future 0.79 2003

6. οι ρυτίδες Past 0.90 1790
‘the wrinkles’ Right Future 0.83 1674

Past 0.80 1654

Left Future 0.77 1891

7. η μασέλα μου Past 0.83 1940
‘my denture’ Right Future 0.60 1588

Past 0.70 1774

Left Future 0.85 1844

8. το αυτοκίνητό μου Past 0.93 1760
‘my car’ Right Future 0.90 1706

Past 0.88 1684

Left Future 0.87 2077

9. το καινούργιο μου σπίτι Past 0.90 2056
‘my new house’ Right Future 0.88 1936

Past 0.88 2007

Left Future 0.79 2227

10. τα γυαλιά πρεσβυωπίας Past 0.85 2362
‘glasses’ Right Future 0.88 2027

Past 0.90 1995

(Table A6. Continues)
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item past button experimenter mean mean reaction 
position position accuracy times (ms)

Left Future 0.89 1943

11. ο σύζυγός μου Past 0.90 1666
‘my husband’ Right Future 0.88 1706

Past 0.83 1587

Left Future 0.87 1596

12. τα παιδιά μου Past 0.90 1627
‘my children’ Right Future 0.85 1571

Past 0.80 1567

Left Future 0.85 1737

13. τα εγγόνια μου Past 0.90 1628
‘my grandchildren’ Right Future 0.85 1688

Past 0.83 1497

Left Future 0.89 1584

14. ο γάμος μου Past 0.90 1741
‘my wedding’ Right Future 0.90 1621

Past 0.88 1511

Left Future 0.87 1667

15. το νυφικό μου Past 0.93 1616
‘my wedding dress’ Right Future 0.88 1539

Past 0.88 1481

Left Future 0.82 1890

16. ο αρραβωνιαστικός μου Past 0.88 1802
‘my fiancé’ Right Future 0.88 1650

Past 0.88 1692

Left Future 0.87 1564

17. η βέρα μου Past 0.90 1614
‘my wedding ring’ Right Future 0.85 1480

Past 0.90 1434

Left Future 0.89 2046

18. η άδεια οδήγησης Past 0.93 2139
‘my driving license’ Right Future 0.88 1898

Past 0.88 1899

Left Future 0.89 1601

19. ο μισθός μου Past 0.93 1680
‘my salary’ Right Future 0.90 1562

Past 0.88 1631

Left Future 0.87 1559

20. η σύνταξή μου Past 0.93 1515
‘my pension’ Right Future 0.88 1516

Past 0.90 1627

Table A6. Future items.
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