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Abstract

It is well established that age of acquisition (AoA) plays a crucial role in linguistic perfor-
mance, even in adulthood. In addition, clausal order seems to affect sentence process-
ing cost depending on whether the events are mentioned in chronological or counter-
chronological order. For this study, a truth-value judgment task measuring accuracy and
response times (RTs) was built to investigate both AoA and clausal order effects in tem-
poral constructions expressing anteriority, simultaneity, and posteriority in French Sign
Language (LSF) and Italian Sign Language (LIS). Results obtained from 32 LSF deaf adult
signers and 25 LIS deaf adult signers show a significant AoA effect in LIS accuracy but
not in LSF, whereas sentences with a counter-chronological order of mention had a sig-
nificant lower accuracy in LSF but not in LIS. Conversely, an AoA effect related to RTs was
found in LSF, but not in LIS. Although we need to be cautious in drawing conclusions,
due to the small sample size, we propose that these results are related to both sociolin-
guistic and linguistic factors, the former being an LSF supportive educational system,
and the latter being syntactic differences between LSF and LIS temporal constructions.

Keywords: age of acquisition (AoA) effects, clausal order effects, temporal constructions,
French Sign Language (LSF), Italian Sign Language (LIS)

1 Introduction

In sign language linguistics, age of acquisition (AoA) effects on linguistic abilities constitute
a topic of central interest, since deaf signing adults are a linguistically heterogeneous group,
with only a minority of signers exposed to a sign language from birth. Several studies have
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shown that adult signers exposed to a sign language from birth have better linguistic perfor-
mances in their sign language than signers exposed to a sign language at a later time, even
when comparing signers exposed from birth to signers exposed during childhood from as
early as 3 years old (e.g., Emmorey et al. 1995; Zorzi et al. 2022).

In our study, we focused on AoA effects taking into consideration temporal constructions
expressing anteriority (before-constructions), simultaneity (same-constructions) and poste-
riority (after-constructions) in French Sign Language (LSF) and Italian Sign Language (LIS).

These structures deserve interest as they contain per se a source of difficulty. An aspect
that varies across different types of temporal constructions is the order of mention of the
(at least) two events, which can follow a chronological order or not. Various studies (e.g.,
Politzer-Ahles, Xiang, and Almeida 2017) point to a greater processing cost in the compre-
hension of sentences in which the order of mention of the events within the sentence does
not match the chronological order in which the events occurred. In our study, we focused on
whether the same effect holds for LSF and LIS, through the analysis of accuracy and response
times (RTs).

The article is structured as follows. First, we describe the main features of temporal con-
structions in LSF and LIS (Section 2). Second, we outline our experiment (Section 3) and we
describe the methods in detail (Section 4). Third, we show our results (Section 5). Finally, we
discuss them (Section 6), and close with a brief conclusion (Section 7).

2 Temporal constructions in French Sign Language (LSF) and
Italian Sign Language (LIS)

In LSF, temporal constructions are analyzed as coordinated clauses with a temporal marker
(i.e., the signs BEFORE, SAME-MOMENT, AFTER) in the second conjunct (Aristodemo and Hau-
ser 2021). As for non-manual marking, raised eyebrows occur over the temporal marker. As
for the prosodic features, prosodic breaks are not observed.

In LIS, temporal constructions are analyzed as subordinated structures akin to relativiza-
tion (Aristodemo 2017; Aristodemo and Hauser 2021). The first clause is the temporal sub-
ordinate clause, which includes the temporal marker (i.e., the signs BEFORE, SAME-MOMENT,
AFTER) whereas the second one is the main clause. As for non-manual marking, raised eye-
brows spread over the whole temporal subordinate clause, which is further marked by a clus-
ter of non-manual markers over the temporal marker, namely an emphasized eyebrows rais-
ing, a wide eye opening, and a head nod. As for the prosodic features, prosodic breaks occur
before and after the temporal marker.

Due to this structural difference, a cross-linguistic comparison of temporal constructions
comprehension in LSF and LIS is interesting, as coordinate structures should be less complex
than subordinate clauses and therefore easier to understand and process.

Examples of temporal constructions expressing anteriority (before-constructions), simul-
taneity (same-constructions), and posteriority (after-constructions) are provided below in
(1)-(6), with (1)-(2) exemplifying before-constructions, (3)-(4) same-constructions, and (5)-
(6) after-constructions.1 LSF temporal constructions are shown in (1)-(3)-(5), whereas LIS

1. Glossing conventions used: lexical signs are transcribed in small capital. As for the non-manual markers,
‘re’ refers to ‘raised eyebrows’, and its spreading is indicated by the length of the line above the signs glossed;
‘nmm’ refers to the cluster of other non-manual markers, namely an emphasized eyebrows raising, wide eye
opening, and a headnod occurring on the temporal marker in LIS. The overall usage of the signing space is
indicated grouping signs into square brackets, specifying ‘left’ or ‘right’ (n.b., body-anchored signs within a
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temporal constructions are shown in (2)-(4)-(6).
Notice that in (1)-(2), which are before-constructions, the first clause refers to the second

event on the timeline, whereas the second clause refers to the first event. Therefore, in exam-
ples (1) and (2), first the man moves the pen (second clause), then the woman pours water
(first clause). On the other hand, in (5)-(6), which are after-constructions, the first clause
refers to the first event on the timeline, and the second clause to the second event. Thus,
in examples (5)-(6), first the woman pours water (first clause), then the man moves the pen
(second clause).

Before-constructions

Figure 1: Frames from sentence (1). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
BEFORE (frames 4-5); MAN (frame 6); PEN (frame 7); MOVE (frames 8-9).

(1) [ WOMAN WATER POUR]r i g ht

re
BEFORE [MAN PEN a MOVEb ]le f t (LSF)

‘The woman pours water and, before that, the man moves the pen.’

Figure 2: Frames from sentence (2). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
NOT-YET (frame 4); BEFORE (frames 5-6); MAN (frame 7); PEN (frame 8); MOVE (frames 9-10).

(2)

re

[ WOMAN WATER POUR NOT-YET
nmm

BEFORE ]r i g ht , [MAN PEN a MOVEb ]l e f t (LIS)
‘Before the woman pours water, the man moves the pen.’

clause are grouped together with the rest of the clause they belong to). Further features, such as verbal spatial
agreement and other non-manual markers (e.g., eyegaze direction) are not glossed.
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Same-constructions

Figure 3: Frames from sentence (3). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
SAME (frame 4); MOMENT (frames 5-6); MAN (frame 7); PEN (frame 8); MOVE (frames 9-10).

(3) [ WOMAN WATER POUR]r i g ht

re
MOMENT-SAME [MAN PEN a MOVEb ]le f t (LSF)

‘The woman pours water and, at the same moment, the man moves the pen.’

Figure 4: Frames from sentence (4). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
MOMENT (frames 4-5); SAME (frames 6); MAN (frame 7); PEN (frame 8); MOVE (frames 9-10).

(4)

re

[ WOMAN WATER POUR
nmm

MOMENT-SAME]r i g ht , [MAN PEN a MOVEb ]le f t (LIS)
‘When the woman pours water, the man moves the pen.’

After-constructions

(5) [ WOMAN WATER POUR]r i g ht

re
AFTER [MAN PEN a MOVEb ]le f t (LSF)

‘The woman pours water and, after that, the man moves the pen.’
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Figure 5: Frames from sentence (5). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
AFTER (frames 4-5); MAN (frame 6); PEN (frame 7); MOVE (frames 8-9).

Figure 6: Frames from sentence (6). WOMAN (frame 1); WATER (frame 2); POUR (frame 3);
AFTER (frames 4-5); MAN (frames 6); PEN (frame 7); MOVE (frames 8-9).

(6)

re

[ WOMAN WATER POUR
nmm

AFTER]r i g ht , [MAN PEN a MOVEb ]l e f t (LIS)
‘After the woman pours water, the man moves the pen.’

Crucially, both LSF and LIS temporal constructions display a fixed clausal order for which in-
verting the order of the two clauses leads to a change of meaning in LSF, and to ungrammat-
icality in LIS (Aristodemo 2017, 86–87), as shown below in (7)-(8) for before-constructions.

(7)
re

BEFORE [ WOMAN WATER POUR]r i g ht [MAN PEN a MOVEb ]le f t (LSF)
‘Before (now), the woman pours water and the man moves the pen.’

[Adapted from Aristodemo and Hauser 2021, 14]

(8) *[MAN PEN a MOVEb ]r i g ht ,

re

[ WOMAN WATER POUR NOT-YET
nmm

BEFORE]le f t (LIS)
[Adapted from [86-87] Aristodemo 2017]

This particular constraint entails that, both in LSF and in LIS, in before-constructions the
linear order of the clauses does not match the chronological order of the events (counter-
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chronological order of mention), whereas in after-constructions it matches the chronologi-
cal order of the events (chronological order of mention).

Furthermore, an interesting feature in the type of before-constructions in LIS chosen for
this study (see example (2) above) is the presence of the negation NOT-YET, absent in before-
constructions in LSF. NOT-YET is the negative counterpart of the perfective marker DONE, and
it is presuppositional in nature (Branchini and Mantovan 2020, 276), as the negated action
or event is expected to occur in the future, as can be seen in example (9).

(9) G-I-A-N-N-I HOMEWORK NOT-YET (LIS)
‘Gianni has not done his homework yet.’

[Based on Zucchi et al. 2010, 212, as reported in Branchini and Mantovan 2020, 276]

In (9), the implication is that it is expected that Gianni will do his homework at some point
in the future: this implication is absent in the negative sentence in (10), that features the
truth-functional negation NOT.

(10) G-I-A-N-N-I HOMEWORK NOT (LIS)
‘Gianni did not do his homework.’

[Adapted from Branchini and Mantovan 2020, 276]

3 The present study

The main goal of the study was to investigate how AoA effects interact with linguistic com-
plexity by comparing the performance of French and Italian adult deaf signers exposed to
LSF or LIS from birth or later during childhood (between the age of 3 and 15) in the compre-
hension of temporal constructions.2

To do so, we designed a truth-value judgment task in which participants had to decide if
a linguistic video of a temporal construction matched a previously presented non-linguistic
video or not.

AoA, syntactic features, and clausal order were taken into consideration for the formula-
tion of our hypotheses:

i. AoA. Signers exposed to sign language from birth (AoA = 0) are expected to outperform
signers exposed to sign language later in life (AoA ≥ 3), showing higher accuracy and/or
lower response times.

ii. Syntactic features and AoA. Temporal constructions in LIS, which involve subordina-
tion, should be more complex to process than temporal constructions in LSF, which in-
volve coordination. This might result in more evident AoA effects in LIS compared to
LSF.

iii. Clausal order and AoA. The processing of sentences featuring a counter-chronological
order of mention (i.e., before-constructions) should be more demanding, resulting in
lower accuracy and/or higher response times in both LSF and LIS.
This might interact with AoA, therefore signers with an AoA ≥ 3 might find interpreting
sentences with counter-chronological order of mention more difficult to process com-
pared to signers with an AoA = 0.

2. A direct RTs comparison is not possible due to the difference in the stimuli in LIS and LSF. RTs are measured
from sentence start and the LIS before-constructions contain an additional sign (NOT-YET ), which lengthens
the sentence duration. The comparison between the results of the quantitative analyses for LSF and LIS is
therefore qualitative.
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The study was carried out according to the principles of the Declaration of Helsinki and
received positive evaluation by the Ethical Committee for Research of the University of Tou-
louse Jean Jaurès and by the Local Commission for Minimal-risk Studies of the Department
of Psychology of the University of Milano-Bicocca.

4 Methods

4.1 Participants

For this study, we considered French LSF deaf adult signers and Italian LIS deaf adult signers
exposed to the respective sign language either from birth (AoA = 0) or between age 3 and 15
(AoA ≥ 3). Signers who scored lower than 75% in control sentences were excluded from the
study regardless of their age of acquisition, which was the case for 2 LSF signers.

We analyzed data from 32 French participants (13 signers exposed to LSF from birth,
mean chronological age = 36.5 yrs, sd = 9.4, and 19 signers exposed to LSF between age 3
and 15, mean age = 40.2 yrs, sd = 9.8) and 25 Italian participants (13 signers exposed to LIS
from birth, mean age = 36.9 yrs, sd = 13.,5 and 12 signers exposed to LIS between age 3 and
10, mean chronological age = 45.1 yrs, sd = 19.9).

Participants signed an informed consent before taking the study and received a 15-Euros
gift card for their participation in France, and 10 Euros for their participation in Italy.

4.2 Materials

A truth-value judgment task of a total of 108 experimental items was developed for each
language. Each item was composed of a non-linguistic video showing a situation followed
by a linguistic video which could describe the situation or not. The participants’ task was to
decide as fast as possible if the linguistic video matched the situation or not by pressing a
key according to their decision.

The non-linguistic videos featured a man and a woman performing two distinct actions
at the same or at different times, namely the man before the woman, the woman before the
man, or the man and the woman simultaneously. On the other side, the linguistic video con-
tained a temporal construction for a total of 12 before-constructions, 12 same-constructions,
and 12 after-constructions (36 linguistic videos in total). Non-linguistic stimuli featured
French deaf actors, whereas linguistic stimuli were signed by a native signer of LSF and a
native signer of LIS, respectively.

The videos were combined so that each linguistic video was paired with three non-linguis-
tic videos, in order to have one match between the linguistic video and the non-linguistic
videos and two mismatches between the linguistic video and the non-linguistic videos. In
the “match condition”, the sentence in the linguistic video correctly described the content of
the non-linguistic video. In the “mismatch condition”, the sentence in the linguistic video did
not describe the content of the non-linguistic video. In this latter condition, the mismatch
was always due to the incongruent order of events.

In addition, 4 control items were created in a similar way where the sentence could match
the situation (“match condition”) or refer to a totally different situation (“error condition”).
While experimental items contained a temporal construction, control items were simpler
coordinate structures.3

3. Control items examples:
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The items were divided into 3 lists made of 36 experimental items (namely, 4 before-
constructions, 4 same-constructions, 4 after-constructions, each appearing in one match
condition and two mismatch conditions) and 12 control items (of which 8 in the match con-
dition and 4 in the error condition). Each participant was randomly assigned one list. Fur-
thermore, 5 training items (3 similar to the experimental items and 2 to the control items)
were added at the beginning of each experiment.

4.3 Procedure

The experiment was 15-20 minute long and it was administered by a proficient signer. Each
participant took the experiment on a laptop in a quiet room. Instructions were shown as
signed videos in LSF or LIS by a native deaf signer. During the task, in both the training and
experimental items, videos could be seen only once, and responses could not be amended.
Both accuracy of the responses and response times (RTs) were recorded.4

5 Results

In this section, we present the results for the LSF signers first, and then for the LIS signers.
In both cases, we show accuracy results by group (AoA = 0 and AoA ≥ 3), type of sentence
(before-construction, same-construction and after-construction), condition (match vs. mis-
match), and RTs (calculated at the beginning of the linguistic video) on correct items by
group, sentence, and condition (Figure 7 A-B for LSF and Figure 8 A-B for LIS). Accuracy was
analyzed by means of mixed model logistic regressions and RTs by means of mixed model
linear regressions. The first models we considered had group by condition (“match condi-
tion” vs. “mismatch condition”) and group by sentence type (before-construction vs. same-
construction vs. after-construction) as fixed factors and subject and item as random factors.
The structure of the fixed factors was progressively simplified by removing the effects that
did not significantly contribute to the model’s fit.

Considering LSF, as presented in Figure 7, sentence type was the only significant pre-
dictor in the analysis of accuracy: accuracy was higher in sentences with after- and same-
constructions compared to sentences with before-constructions. As for RTs, the analysis re-
vealed a significant group by condition interaction: signers with an AoA = 0 were faster in
the mismatch compared to the match condition, and this was not the same for signers with
an AoA ≥ 3.

In LIS, as presented in Figure 8, both the effect of group and of condition were significant:
accuracy was higher in signers with an AoA = 0 compared to signers with an AoA ≥ 3 and in
the match condition compared to the mismatch condition. The analysis of RTs yielded no
significant results.

(11) [MAN NOTE-PAD WRITE]r i g ht [ WOMAN MOVIE WATCH]le f t (LSF)
‘The man writes on a note-pad (and) the woman watches a movie.’

(12) [MAN NOTE-PAD WRITE]r i g ht [ WOMAN MOVIE WATCH]le f t (LIS)
‘The man writes on a note-pad (and) the woman watches a movie.’

4. Along with this test, other two tests were administered, specifically a test of lexical competence and a test
of syntactic competence in the spoken language (French for LSF deaf adult signers, Italian for LIS deaf adult
signers). These tests were not included in the analysis for the present study.
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Figure 7: Mean Accuracy (A) and mean Response Times (B) for truth-value judgment deci-
sions by LSF signers.

Figure 8: Mean Accuracy (A) and mean Response Times (B) for truth-value judgment deci-
sions by LIS signers.

6 Discussion

Considering accuracy, we found a significant AoA effect in LIS but not in LSF. The greater syn-
tactic complexity of temporal constructions in LIS, which are subordinate structures com-
pared to LSF ones which are asymmetric coordinate structures, may have a relevant role in
lower mean of accuracy in LIS signers in later AoA group. This would align with other studies
showing that signers exposed to sign language from birth have an advantage particularly in
demanding syntactic structures (Hauser et al. 2021; Aristodemo et al. 2022).

As for clausal order, accuracy was lower in before-constructions compared to same and
after-constructions in LSF, which aligns with the hypothesis that sentences with a counter-
chronological order of mention require a more demanding processing. Crucially, this was
not the case in LIS. This is a puzzling result at first sight. Nonetheless, we speculate that these
results might be explained by the presence of the negation sign NOT-YET in LIS: negation
might have eased comprehension of LIS before-constructions and thus raised their mean
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accuracy.
In fact, although several studies have suggested that negative sentences are more dif-

ficult to process than positive sentences (Clark and Chase 1972), a growing body of stud-
ies is showing that supportive contexts help to mitigate the effect (Albu, Tsaregorodtseva,
and Kaup 2021). In addition, recent studies suggest that informativity plays a central role in
negation comprehension (Xiang, Kramer, and Nordmeyer 2020). In our experiment, input
sentences were preceded by a non-linguistic situation, to some extent comparable to a lin-
guistic context, which should have helped to reduce the processing cost of the negation sign
NOT-YET.

In addition, when the participant encounters in the first clause the sign NOT-YET, which
is presuppositional in nature (see Section 2), the implicit logical entailment is that the other
event in the second clause must have already taken place, given that an event cannot have
taken place after an event that still has not occurred. For this reason, when the temporal
marker BEFORE is produced in the same clause, not only has the temporal relation between
the two events already been, at least partially, processed and established, but also the inter-
pretation of the meaning of the sentence is reinforced. In other words, in LIS the negation
NOT-YET “signals” the upcoming discrepancy between the order of mention of the events in
the sentence and the chronological order in which they occurred and “lightens” its process-
ing, reason for which LIS before-constructions show a higher accuracy. The potential effect
on RTs might be shadowed by the slightly longer duration time of before-constructions (due
to the presence of the additional sign NOT-YET ) compared to the one of same- and after-
constructions. As in LSF there is no negation in before-constructions, the relation between
the two events and the consequent mismatch between the order of mention of the events in
the sentence and the chronological order of the events are processed only when the temporal
marker is produced.

Finally, these results, and especially those related to the impact of AoA, might also be
conditioned by sociolinguistic factors. Differently from LIS signers, LSF signers all attended
schools in which sign language was highly supported, with a full-fledged sign language study
program from kindergarten to high school: this might have contributed to enhance their LSF
linguistic competence.

7 Conclusion

In this study we investigated AoA and clausal order effects on temporal constructions in LSF
and LIS by using a truth-value judgment task and measuring accuracy and response times.
We found AoA effects and clausal order effects although, in line with previous literature, they
seem to intertwine with both sociolinguistic and linguistic factors. Nonetheless, having a
small sample size, we should be cautious in drawing conclusions while more research on the
topic is welcomed.
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