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SUMMARY

Sleep deprivation affects numerous cognitive processes. Children
populations have not been studied thoroughly, with regard to the
effect of sleep deprivation on communication abilities. In this study,
we investigate the pragmatic competence following acute sleep
deprivation.

Two eleven-year-old boys were evaluated on their pragmatic ability
before and following sleep deprivation. The conversations were
video-recorded, transcribed and analyzed using the CHAT conven-
tions. The Pragmatic Evaluation Protocol Revised (PREP-R) was
administered for the investigation of pragmatic ability.

Both children demonstrated a significantly lower performance follow-
ing acute sleep deprivation. Their specific pragmatic ability and gram-
matically-based pragmatic ability were impaired. The subjects were
unable to use lexical, morphological and syntactic cohesion, and en-
countered difficulties in the interaction and the managing of pauses.
Acute sleep deprivation affects pragmatic competence, mainly due
to difficulties in alertness, attention, working memory, and executive
dysfunction in general. Variability in the pragmatic ability of the two
subjects implies that more studies, focused on the cognitive deficits
after sleep deprivation can cast more light on the evaluation of
pragmatic ability.

Key words: sleep deprivation, pragmatics, communication,
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INTRODUCTION

There is growing evidence that chronic or acute sleep deprivation leads to
cognitive as well as emotional dysfunction. Among the most pronounced cogni-
tive difficulties that individuals encounter following sleep deprivation are restricted
attention and executive dysfunction (Fallone, Acebo, Seifer, and Carskadon
2005; Paavonen, Porkka-Heiskanen and Lahikainen 2009; Vriend, Davidson,
Corkum, Rusak, Chambers, and McLaughlin 2013; Vriend, Davidson, Rusak,
and Corkum 2015). As these abilities are compromised by sleep deprivation,
those pragmatic abilities that hinge on them become impaired as well. For ex-
ample, a person’s attention is negatively influenced due to lack of sleep, which
impacts on their coherence, organization of speech, turn-taking, and, conse-
quently, on their overall pragmatic competence (Green et al. 2014). Awide range
of studies suggest that a limited amount of sleep has an adverse influence on
several attentional subfunctions, such as sustained, divided and alerting attention
as well as on more demanding attention tasks (Fallone et al. 2001; Molfese et
al. 2013; Sadeh 2007; Sadeh et al. 2002; Vriend et al. 2013; Waldon et al. 2015).
For example, the sustained attention subfunction is crucial for the proper pro-
duction of phrases, such as joint nouns (Jongman et al. 2015). Studies using
sleep deprivation in typically developing children are rare, but children with sleep
disturbances demonstrate increased levels of inattention and impulsivity (Paavo-
nen, Raikkénen, Lahti, Komsi, Heinonen et al., 2009). In addition, another index
of attention performance, namely reaction time, has also been reported to increase
following sleep loss (Peters et al. 2009; Sadeh 2007). A recent review (de Bruin et
al. 2017) which summarizes the effect of sleep manipulation on the cognitive func-
tions (i.e., attention and working memory) of pre-adolescents and adolescents (10-
19 years old) has highlighted the decrement of performance in psychomotor
vigilance tasks as the most consistent finding following insufficient sleep.

Executive functions (that is, self control, inhibition, flexibility, working memory
and planning) play an important role in the quality of children’s conversational
behavior. It has been shown that executive functions contribute substantially to
the formation of utterances free of repetitions or hesitation (Blain-Briere et al.
2014). Executive dysfunction appears to be reflected in an individual’s conver-
sational skills. For instance, difficulties with impulse control can be identified in
a person’s discourse as reduced coherence, excessive talking, or abrupt talking
shifts (McDonald 1993). Several studies have revealed the existence of execu-
tive dysfunction, such as deficits in working memory and inhibitory abilities, in
sleep-deprived children (i.e., Nelson et al. 2015; Nilsson et al. 2005). Similarly,
children have been shown to score lower under sleep deprivation conditions on
different tests of executive functioning, such as the Wisconsin Card Sorting Test,
which assesses mental flexibility and planning, and the Stroop Test, a well-known
inhibitory task (Molfese et al. 2013; Nelson et al. 2015; Randazzo et al. 1998).
Working memory has been also found to be compromised after sleep deprivation
(Chee and Choo 2004; Lei et al. 2015).

78



Chatzopoulos et al. When lack of sleep takes its toll on communication

However, less is known about the effects of sleep deprivation on pragmatic
abilities. Some studies have looked at the role of sleep duration in language ac-
quisition and, more specifically, vocabulary development (Axelsson et al. 2016),
but very few studies with healthy adults have focused on pragmatic abilities (i.e.,
sarcasm) following sleep deprivation (Deliens et al. 2015). The study demon-
strated that participants made accurate interpretations, but displayed a slower
reaction time, which implies a difficulty in understanding the other person’s per-
spective rather than a sleep loss-induced vigilance deficit. The authors, therefore,
concluded that inadequate sleep can influence the quality of social interactions.
Likewise, interaction with peers and social skills were affected in another study
with sleep-deprived children (Vaughn et al. 2015). The aforementioned study ex-
amined the effect of sleep loss on emotion perception, vocabulary and social en-
gagement, yielding that adequate sleep is crucial for the development of social
skills in children. However, no detailed linguistic and conversational criteria were
applied. As the intricacies of linguistic and pragmatic impairments stemming from
sleep deprivation are not well understood, the present study seeks to shed new
light on their assessment.

More specifically, the current study aimed at (a) examining the impact of acute
sleep deprivation on conversational behavior in two children, based on video-
recorded and transcribed interviews with their mothers and (b) linking their pos-
sible difficulties at the conversational level to the cognitive processes that are
involved according to the existing subject literature.

We hypothesized that the children’s conversational skills would be affected
after sleep-deprivation, in ways that would make the presence of deficits obvious
during speech performance, i.e., reduced coherence and speech organization.
We also assumed that executive dysfunction would result in problems with turn-
taking agility, clarity, order of information presentation and self-correction. Con-
versational Analysis was used in order to assess the children’s interaction with
an investigator and a “trusted interlocutor”, i.e., a Key Conversational Partner
(KCP; Prutting and Kirschner 1983), who commonly regulates and facilitates
communication. In this case, the children’s mothers played the role of the KCP
(hereafter MOT). Conversation Analysis has been used in various children as-
sessment programs, targeting a broad range of psychiatric and developmental
disorders (Fasulo 2015; Rendle-Short 2017). Mothers were here expected to
play an integral part in the triadic interaction (i.e., child, mother, and the re-
searcher) in terms of correcting the children’s utterances and providing prompts
so as to facilitate communication.

CASE STUDIES

Participants
Two boys, KM and Chl, both aged 11 years, participated in the study. They were
admitted to the University Pediatrics Clinic of the Papageorgiou General Hospital
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in Thessaloniki, Greece for electroencephalographic monitoring in order to be me-
dically tested for possible epileptic seizures following a doctor’s referral. Hence,
they were already scheduled to spend a night at the hospital under the conditions
of acute (one-night) sleep deprivation. No seizures appeared to result from sleep
deprivation, according to the post-sleep deprivation EEG records.

KM’s symptoms included frequent headaches and involuntary head move-
ments, whereas Chl’s symptom profile included reduced movement coordination
and somatognosia, gait and balance problems (as reported by the healthcare
professional), and difficulty in telling left from right. Both children were of average
intelligence, had no neurological or psychiatric history, or history of neurodevel-
opmental disorders, as reported by their mothers. Neither of them took medica-
tion. The children were interviewed twice (before and after sleep deprivation) to
assess the effect of sleep deprivation on their pragmatic ability. Their mothers also
took part in the interview both in the pre- and post-sleep deprivation conditions.
Ethical approval was granted by Papageorgiou General Hospital and the partici-
pants gave informed consent to take part in the present study. All interviews with
both KM and Chl were video recorded, transcribed verbatim, and analyzed using
qualitative analysis. Details on the tool that we employed are provided below.

STIMULI AND PROCEDURE

Interviews included narrating and other tasks and were video recorded. We
administered the Pragmatic Evaluation Protocol — Revised (PREP-R; Fernandez
Urquiza, Diaz Martinez, Moreno Campos, Lépez-Villasefor, and Simén Lépez
2015; see Gallardo Pauls 2006; 2009) to examine pragmatic competence in con-
versation. Three broad levels of pragmatic ability were evaluated based on the
recorded conversations, namely enunciative, textual, and interactional. The items
of each level were rated with “yes”, “no”, or “not observed”.

The enunciative level includes speech acts (i.e., illocutionary and proposi-
tional), intentional acts (i.e., indirect and direct), compensatory behaviors (verbal,
examples include the descriptions of words the person is not able to retrieve and
non-verbal; examples are gestures or drawing), metapragmatic awareness, and
the maxims that compose the Cooperative Principle (Grice 1975), including qual-
ity, quantity, manner, relevance, and particularized implicatures.

The textual level is comprised of narrative and argumentative coherence as
well as lexical, semantic, morphological, and syntactic cohesion. This includes
the individual’s ability to provide sufficient information about place and time, the
characters of a story, and the actions taking place in a logical and chronological
order (narrative superstructure). Alternatively, it includes rational arguments when
supporting a statement during a conversation (argumentative superstructure).
The textual level of PREP-R also assesses the abilities to identify a topic shift,
shift topics in a fluid manner (textual coherence), create semantic chains by
means of co-reference devices (lexical and semantic cohesion), use morpholog-
ical categories correctly (morphological cohesion), and produce turns according
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to the syntax commonly used in spontaneous conversations (syntactic cohesion).

Finally, the interactional level represents turn-taking agility, relative conversa-
tional participation, predictability, preference, gesture, and eye contact. Using
conversation transcripts it allows for the calculation of the Agility of Turn Taking
and the Conversational Participation Indexes. In order to apply the PREP-R, the
clinician provides an impressionistic estimation. Predictability is assessed posi-
tively when the individual demonstrates a balanced proportion of reactive and
predictive turns. Predictive turns are related to reactive turns as first and second
parts of adjacency pairs (see Sacks 1992; Schegloff 2007). Reactive turns pro-
duce the act required by predictive turns. Predictability is positively assessed
when the participant’s reactive turns realize the requirement established by their
predictive turns. Predictability also includes the ability to produce relevant and
adequate predictive turns (e.g., ask questions, or initiate conversation). Prefer-
ence concerns the way utterances are designed to adhere to principles of po-
liteness and cultural appropriateness in adjacency pairs.

Every item of the PREP-R was individually assessed, by examining its pres-
ence and proper use in the participants’ utterances. An item was rated with “yes”
when the participant exhibited the corresponding pragmatic ability at least once
during the conversation. Contrarily, an item was rated with “no” when the com-
ponent assessed by the specific item was often absent or misused. Finally, an
item was rated as “not observed” when the participant did not have the chance
to use the particular component in the conversation.

For the creation of the Greek version of PREP-R, we first used backward
translation; the PREP-R checklist was translated by a researcher from Spanish
to Greek. Then, another researcher translated the Greek checklist back into
Spanish and the authors examined the compatibility of the two versions. Finally,
a group of independent investigators approved the Greek version through a con-
sensus study that we conducted. The investigator (INV), in collaboration with the
mother (MOT) provided prompts and questions to the participant (PAR) as a way
of monitoring the conversation. The inclusion of mothers as KCPs is thought to
be crucial in order to investigate and analyze conversational behavior in a natural
conversation environment. The interview was divided into two parts; the first part
required participants to tell a story with a highly emotional content. The second
part included the telling of a story or the description of a procedural task. More
specifically, in the first part, conversational behavior was assessed under emo-
tional distress. Both participants/mothers were asked about their stay at the hos-
pital and the examination procedures they had undergone (phase 2, following
sleep-deprivation), or would undergo (phase 1, prior to sleep deprivation). For the
second part of the conversational exchange, individuals were requested to narrate
a story and describe their daily routine. This method provided the necessary insight
into the children’s syntax and textual cohesion and, therefore, facilitated the as-
sessment of possible grammatically-based or specific pragmatic impairments.

The following conversational data were transcribed using the CHAT conven-
tions (MacWhinney 2000, see Appendix), taking account of conversational over-
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laps, interruptions, different kinds of pauses, and non-verbal communication. The
resulting collection of video recordings and real-time transcripts were uploaded
to a data bank. After independent examiner observation, PREP-R ratings were ap-
plied to all four interviews, two before (files named chl1.cha for Chl, and prin.cha
for KM), and two following sleep deprivation (files named chi2.cha for Chl, and
meta.cha for KM). The conversation analysis stemming from the interviews is
presented below.

RESULTS

Interrater reliability was estimated using Cohen’s kappa. For positive (“Yes”)
and negative (“No”) ratings, Cohen’s kappa indicated substantial agreement (0.61
and 0.76, respectively). Nearly perfect agreement (0.98) was observed regarding
the items that were rated as “not observed” in the conversations. This section pro-
vides the-scores of KM and Chl on PREP-R, comparing their performance before
and following sleep deprivation and focusing separately on their Specific and
Grammatically-Based Pragmatic Ability. Tables 1 to 4 summarize these results
for each child separately.

Table 1. Ratings of Enunciative Pragmatics for both participants, speech acts sublevel

KM Chl

ENUNCIATIVE PRAGMATICS Before | After Before | After
Speech Acts Sublevel

1. Speech Acts
1.1 Utterance acts Yes Yes No No
1.2 Propositional Acts Yes Yes No No
1.3 Management of pauses and silence. Yes No Yes No

2. Intentional speech acts
2.1 Direct and indirect conventional speech acts. Yes Yes Yes Yes
2.2 Indirect speech acts. N.O. Yes N.O. N.O.
3. Editing Tasks
3.1 Utterance Acts Yes Yes Yes Yes
3.2 Draft Acts Yes No Yes No
3.3 Compensatory non-verbal acts Yes N.O. Yes No
4. Metapragmatic awareness Yes Yes Yes No

Table 2. Ratings of Enunciative Pragamatics for both participants, inferences sublevel

Inferences Sublevel KM Chl
Before | After Before | After

5. Cooperative Principle: conversational maxims and particularized implicatures
5.1 Maxim of Quality Yes Yes No No
5.2 Maxim of Quantity Yes No Yes Yes
5.3 Maxim of Manner Yes Yes Yes No
5.4 Maxim of Relevance Yes Yes Yes Yes
5.5 Implicatures Yes Yes N.O. N.O.
6. Lexicalised tropic inference Yes Yes N.O. N.O.
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Table 3. Ratings of Textual Pragmatics for both participants

TEXTUAL PRAGMATICS KM Chl

Before [ After | Before | After
7. Coherence: Textual Superstructures
7.1 Narrative superstructure Yes No N.O. Yes
7.2 Argumentative Superstructure Yes Yes N.O. N.O.
8. Topic Management
8.1 Recognition of the introduction of a new topic Yes Yes Yes Yes
8.2 Fluid introduction of new topics Yes Yes Yes Yes
Cohesion Level
9. Lexical Cohesion Yes No Yes No
10. Morphological Cohesion Yes Yes Yes No
11. Syntactic cohesion Yes Yes Yes No

Table 4. Ratings of Interactional Pragmatics for both participants

INTERACTIONAL PRAGMATICS KM Chl
Before After Before After
12. Agility of turn taking Yes No Yes Yes
13. Turn taking at the right momento Yes No No No
14. Adequate conversational participation Yes No Yes Yes
15. Predictability No No Yes Yes
16. Preference Yes Yes Yes No
17. Natural Use of Gestures No No Yes No
18. Gazes for communicating Yes No Yes Yes
KM

KM’s pragmatic ability showed a decline after one night of sleep deprivation.
As seen in Table 5, his General Pragmatic Ability was relatively high before sleep
deprivation (89.66%), but following sleep deprivation, the performance on Gen-
eral Pragmatic Ability dropped to 58.62%. With respect to Specific Pragmatic
Ability, his initial performance reached 85.71%, but following sleep deprivation
he only scored 52.38%. His Grammatically-based Pragmatic Ability also declined
dramatically; his pro-sleep deprivation reached the ceiling (100%), but his post-
sleep deprivation performance was much poorer (75%).

Specific Pragmatic Ability
KM showed a deterioration in Specific Pragmatic Ability, failing in items 3.2,
5.2,71,12, 13, 14, and 18. Item 3.2 evaluates the use of strategies to gain time
during conversation. The negative rating of item 5.2 implies a violation of the maxim
of quantity. KM’s utterances in the second recording did not meet the standard con-

Table 5. General Pragmatic Ability, Specific Pragmatic Ability, Gramatically-Based Pragmatic Abi-
lity for KM and Chl

KM Chl

Before After Before After
General Pragmatic Ability 89.66% 58.62% 68.97% 34.48%
Specific Pragmatic Ability 85.71% 52.38% 71.43% 52.38%
Grammatically-Based Pragmatic Ability 100% 75% 62.5% 0%
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textual requirements, as they consisted mostly of one- or two-word responses.
This can be illustrated in Example 1:
(1) KM, After

194 *INV: UTTAPXEI KATTOIO PEPOG TTOU DUCKOAEUECAI OTA JABNUATIKG?
194 *INV: Is there a section in Mathematics where you’ve got difficulties?
195 *INV: ag TToUE aToV TTOAAQTTAQCIOOUO.

195 *INV: Let’s say in multiplication.
196 *KM: &ee.

196 *KM: &eh.

197 *INV: oTn diaipean.

197 *INV: in division.

198 *KM: oxl.

198 *KM: No.

199 *INV: 0’ 6Aa KaAa €7

199 *INV: Everything fine, &eh?
200 *KM: val.

200 *KM: Yes.

201 *INV: Kal KAVETE Kal KAdopara?
201 *INV: And you do fractions, as well?
202 *KM: &ee val kavape KAAGUATA.

202 *KM: &eh yes we did fractions.
203 *INV: Olaipéon pe dekadIKoUg?
203 *INV: Divisions with decimals?
204 *KM: val.
204 *KM: Yes.

In the above example, the researcher asked KM closed-ended questions, but
KM could also give longer answers if he wished. In lines 195 and 197, the re-
searcher expanded the question originally formulated in 194 due to KM’s lack of
response, but still KM only provided minimal answers (lines 198, 200, 202 and
204). In contrast, his performance before sleep deprivation was much more suc-
cessful as far as the maxim of quantity is concerned. This can be illustrated by
the following segment of the conversation (Example 2):

(2) KM, Before

65 *INV: Ti Ba KAVETE?

65 *INV: What are you going to do?

66 *INV: Me To TTaidaki Ba [//] Ba gioTe @ihol Aoyikd Ba TTaileTe.
66 *INV: With the child you [//] you are probably friends you play together.
67 *KM: &ee val eipaoTe.

67 *KM: &eh yes we are.

68 *KM: Ba Traifoupe Pe Ta KIVNTA Kal TO TAUTTAET.

68 *KM: We are going to play with cell phones and tablets.
69 *KM: Ba Traifoupe POVOTTOAU.

69 *KM: We are going to play monopoly.

70 *KM: Ba Traifoupe QIOAKI Kal yKpIvIApn.
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70 *KM: We will play snakes and ladders and parchis.
71 *INV: EXEIC peydAa ox€dia yia 1o Bpadu [=! yeAdel].
71 *INV: You have big plans for tonight [=! laughs].

Note that, while line 65 was an open-ended question, line 66 was formulated
as a closed-ended question. KM could have chosen to give a convergent answer,
but he gave a rather detailed description, as seen in lines 67-70 of Example 2.

Item 7.1 was also negatively rated following sleep deprivation due to KM’s
difficulty in narrating a story properly by providing the necessary information
about people, space, and time. This difficulty can be interpreted as an impairment
in the processing of the researcher’s questions and possibly a deterioration in
working memory. The reader can appreciate these difficulties below.

(3) KM, After

241 *INV: MTTOpPEIC VA OU TTEPIYPAWEIC TTWG ATAV Ol AYWVEG Ol TEAEUTAIOI
TTOU TTNYEG?
241 *INV: Can you describe how was the last competition you attended?

242 *KM: TT0I0?

242 *KM: What?

243 *INV: oTnv Ko [//] oTnv KOAUURNonN.

243 *INV: In sw [//] in swimming.

244 *KM: &ee.

244 *KM: &eh.

245 *INV: VEVIKA VA JOoU TO TTEPIYPAWEIS ONO.
245 *INV: Generally describe me everything.
246 *KM: MMM val.

246 *KM: hmm yeah.

247 *INV: TTWG TIMYEG, TI KAVATE.

247 *INV: How did you go, what did you do.
248 *KM: (..) Bynka TTpwTog Val.

248 *KM: (..) I finished first yes.

249 *KM: TO TTEPACA TO AAAO TTAIDAKI TTOU KAVAME AYWVEG.

249 *KM: | defeated the other child with whom | competed.

250 *KM: &ee (.) autd (3.) TG To Aéve (4.) € val ATav wpaia yevikd
Ol QYWVEG.

250 *KM: &eh (.) this (3.) how do we say (4.) eh yes it was nice generally
the competition.

In lines 242, 244, and 246 of Example 3, KM only gave minimal answers,
which suggests that he did not fully understand the researcher’s questions. After
multiple prompts, he explained that he had finished first in a competition (lines
248-9), and elaborated only briefly, saying that he enjoyed the competition (line
250). As a whole, the child failed to understand the questions and provide a struc-
tured and detailed narrative, in contrast to the pre-sleep deprivation performance:

(4) KM, Before
248 *INV: Ti £X€IC YAOEI OTOV TTPOCKOTTIGUO?
248 *INV: What have you learnt in scouting?
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249 *KM: &ee TTNYQiVOUPE O€ KATAOKNVWOEIG (.) O€ OKNVEG MEVOULE.
249 *KM: &eh we go to camps (.)we stay in tents.

250 *INV: TTOAU wpaia.

250 *INV: Very nice.

251 *KM: MaBaivoupue va emRILOVOUNE 0T GUOT.

251 *KM: We learn how to survive in the wild.

252 *INV: TTOAU wpaia.

252 *INV: Very nice.

253 *INV: avapeTe QWTIEG.

253 *INV: You learnt to light a fire.

254 *KM: val £XOUNE avAawel QuwTid hia @opd o€ Jia TTapaAia Kal Traiape Ki
Bdpa.
254 *KM: Yes we have once lit a fire on a beach and we played the guitar.

255 *INV: kai TraidaTe [//] un pou Treig 6T éTTauleg Kal KIBapa [<1].

255 *INV: And you played [//] don’t tell me you played the guitar, too? [<1].
256 *KM: ox1 évag émraile [>1] [/] évag [<2] émaule KIBApa.

256 *KM: N o, someone played [>1] [/] someone [<2] played the guitar.

The researcher’s prompt in 248 instigates a structured listing of activities;
when the researcher touched on another activity in 253, KM elaborated suffi-
ciently, providing details on place and participants.

Item 12 was also rated with “no” following sleep deprivation, as turn taking was
neither agile nor quick. In addition, KM did not take his turn at the right moment
and, therefore, item 13 was also rated with “no”. ltem 14 was also negatively rated,
since he very often gave only one-word answers. The conversation segment
below is a representative example of these difficulties.

(5) KM, After

22 *INV: TTOOEG WPEG €ioTe EUTTVION?

22 *INV: How many hours are you awake?
23 *KM: (4.) TrévTe?

23 *KM: (4.) Five?

24 *INV: TTEVTE WPEG?

24 *INV: Five hours?

25 *INV: a11é Ti WPA?

25 *INV: Since when?

26 *KM: atroé TIg dUOo.

26 *KM: Since two o’clock.

27 *INV: atré TIG dU0 wpaia.

27 *INV: Since two nice.

28 *INV: Kal JEXPI TOTE KOIOGOoUVa?

28 *INV: And until then were you sleeping?
29 *KM: val.

29 *KM: Yes.

As shown in the excerpt above, there was a four second delay in line 23, a fail-
ure to answer the researcher’s question in line 24, and a minimal response in
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line 29. The resulting conversation rhythm is slow, with KM’s collocutors having
to patiently wait for him to complete his utterances. This stands in sharp contrast
to the conversation flow before sleep deprivation, as shown below.

(6) KM, Before

354 *INV: o€ Trola TTOAn otnv ItaAia [<]?

354 *INV: In which city in Italy [<]?

355 *KM: oTtnv ItaAia [>]?

355 *KM: In Italy [>]?

356 *KM: oTtnv MNdapua kar oTnv BeverTia.

356 *KM: in Parma and in Venice.

357 *INV: MN JOU TTEIG OTI MIAAG Kal ITAAIKA.

357 *INV: Don’t tell me that you also speak ltalian.

358 *KM: € E£pw TOUG apPIBUOUG +/.

358 *KM: &eh | know the numbers +/.

359 *INV: Ba TpeAabW.

359 *INV: That's great!

360 *KM: +, EEpw TOUuG aPIBUOUC WG TO TTEVTE.
360 *KM: +, | know the numbers up to five.

As seen in Example 6, the transition-relevance places begin and end normally,
that is, the conversation progresses with minimal gaps between turns. Answers are
also detailed and informatively relevant to the questions asked by the researcher.

KM'’s ability to use eye contact to communicate was also rated with “no” fol-
lowing sleep deprivation, as he stared at the ceiling or the floor and his body
posture was rather passive for most of the interview.

Grammatically-based Pragmatic Ability

As far as Grammatically-based Pragmatic Ability is concerned, KM’s perform-
ance declined for items 1.3 and 9. As seen in Table 5, his Grammatically-based
Pragmatic Ability prior to sleep deprivation was better than following sleep dep-
rivation. This is evident in Example 4 above (KM describes the activities he does
in scouting, where his responses were more fluent, with intact cohesion and co-
herence). Item 1.3 is an example of adequately managing pauses within turns.
KM'’s pauses in the interaction after sleep deprivation were too long (three or
four seconds) and very frequent, resulting in a negative rating of this item (see
Example 3, line 250 and Example 5, line 23). Such delays in response time were
not found in KM’s pre-sleep deprivation performance, in which his response times
were faster, as seen in Example 2.

Lexical cohesion, as seen in item 9, was rated with “no” following sleep dep-
rivation, since KM often encountered difficulties in locating and using the neces-
sary words for the descriptions he was asked to give. A good example of these
impairments is found in Example 3 above, where KM did not manage to provide
a detailed description of a sports competition due to his compromised lexical retrieval.
KM had not experienced Lexical Cohesion difficulties before sleep deprivation:

(7) KM, Before
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486 *INV:  &ee ékaveg eyke@ahoypapnua?
486 *INV:  &eh did you have EEG?

487 *KM: EYKEPAAOYPAPNUA TO AYATTNHEVO HUOU.
487 *KM: EEG my favourite.

488 *INV: 0’ dpeoe.

488 *INV:  You liked it.

489 *INV:  vyiaTi oou dpeoe?

489 *INV:  Why did you like it?

490 *KM: ylati dev KataAapa TiTroTa.

490 *KM: Because | didn’t know anything.
491 *INV: frave ypriyopo?

491 *INV:  Was it fast?

492 *KM: Oev TO AEC Kal yprRyopPO.

492 *KM: Sure it was not fast.

493 *KM: atrAG Oev KaTaAdBaiva KAT.

493 *KM: | just did not feel anything.

In the example above, one can observe agility in turn taking and the use of
technical terms (EEG) as well successful lexical retrieval.

KM'’s performance on Enunciative Pragmatics was relatively poorer following
sleep deprivation; the initial score being 93.33% dropping to 73.33%. His initial
score on Textual Pragmatics reached the ceiling (100%), but dropped to 71.43%,
following sleep deprivation. His initial performance on Interactional pragmatics
reached 71.43% but his post-sleep deprivation score amounted to only 14.29%.
These findings are also summarized in Table 6.

Table 6. Total percentages for Enunciative, Textual, and Interactional pragmatics for KM and Chl

KM Chl

Before After Before After
Enunciative Pragmatics 93.33% 73.33% 60% 26.67%
Textual Pragmatics 100% 71.43% 71.43% 28.57%
Interactional Pragmatics 71.43% 14.29% 85.71% 57.14%

Chl

Chl's ratings in PREP-R also point to a poorer performance following sleep dep-
rivation. As seen in Table 5, his General Pragmatic Ability was rated with 68.97%
before sleep deprivation and fell to 34.48% following sleep deprivation. His initial
performance on Specific Pragmatic Ability (71.43%) was similar to his General
Pragmatic Ability. Specific Pragmatic Ability dropped to 52.38% after sleep dep-
rivation, as observed in Table 5. The most remarkable deterioration was ob-
served in Grammatically-based Pragmatic Ability, with his performance reaching
62.5% before sleep deprivation, and dropping to 0% following sleep deprivation.
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Specific Pragmatic Ability

Ten items were evaluated positively in both interactions: 2.1 (use of direct and
non-direct speech acts), 3.1 (compensatory acts), 5.2 (maxim of quantity), 5.4
(maxim of relevance), 8.1 (recognizing the introduction of new topics), 8.2 (fluidly in-
troducing new topics), 12 (agility in turn taking), 14 (conversational participation), 15
(predictability), and 18 (use of eye contact). Four items were assessed negatively
both pre- and post-sleep deprivation: utterance acts (item 1.1), propositional acts
(item 1.2), maxim of quality (item 5.1), and turn taking at the right moment (item 13).

The items in which deterioration was observed were 9 in total. Deterioration
in Specific Pragmatic Ability was observed in items 3.2, 3.3, 4, 16, and 17. Item 3.2
was evaluated negatively after sleep deprivation due to Chl’s failure to use strategies
to gain time during the conversation. Before sleep deprivation, he was able to
use strategies such as repeating the investigator’s questions as a way of gaining
time to construct his next utterance. Example 8 illustrates this finding; Chl used
gestures in order to compensate when his utterance was underinformative:
(8) Chl, Before
339 *PAR: &ee 6TAV ByWw aTTO TO VOOOKOMEIO?
339 *PAR: &eh when | get out of the hospital?
340 *INV: &UXM.
340 *INV: &mhm.

341 *PAR: &ee dNAadN atrd 6Ao To [=! onkwvel To XEPI TOU Kal Oeixvel OAO TO
dwudrio].

341 *PAR: &eh you mean the whole [=! raises his hand and points around
the room].

342 *INV: TeAeiwg [/] TeAgiwg.
342 *INV: Completely [/] completely.

In the post-sleep deprivation interview, Chl did not use any gestures through-
out the interaction to compensate for his impaired verbal production and he kept
his movements to a minimum. Consequently, he was given a negative rating of
metapragmatic awareness (item 4). Before sleep deprivation, Chl adhered to so-
cial norms and politeness:

(9) Chl, Before

125 *CHI: Mtropw va [<] TTdw Aiyo TOUGAETO?
125 *CHI: Can | [<] go to the toilet?

126 *INV: >€ AIydKi.

126 *INV: In a moment.

127 *INV: 2€ TEVTE AETTTAKIQ.

127 *INV: In five minutes.

128*CHI: Evracel.

128*CHlI: Ok.

A request to go to the toilet, formulated by a child to the convener of the in-
terview in course, is a dispreferred first part; it interrupts the course of action to
initiate a different activity under the auspices of the producer. The formula de-
vised by Chl in (125) is conventional and complies with the principle of polite-
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ness. His later acceptance of the researcher’s decline is a preferred also pro-
duced in an appropriate format (positive, simple and minimal). Preference, as
seen in Chl’s interaction with the researcher, shows deterioration in verbal per-
formance, such as in (211-212) of Example 10, of the interaction following sleep
deprivation:
(10) Chl, After
211 *INV: Kai eToipalecarl pévog gou?
211 *INV: And you prepare yourself on your own?
212 *CHI: Ti?
212 *CHI: What?

Chl’s utterance here could have been replaced with a politer expression (e.g.,
‘| beg your pardon?’). In a formal interaction with an unknown adult, a child would
normally employ markers of distance and politeness. Finally, item 17 was also
negatively assessed following sleep deprivation, since, as mentioned above, Chl
demonstrated very little changes in posture, movement, and facial expressions.
By contrast, a use of gestures was present, in the initial interaction as shown in
Example 11:
(11) Chl, Before

64 *INV: Mwg viwBeIg yia TNV Kapepa, O VOUIlw va £XEIG AyX0G?

64 *INV: How do you feel about the camera, | don’t think you’re nervous?
65 *CHI: &aa Tagl auTtég TIC KA [//] auTég ekei £Ew, ouTe K [//] oUTE Kal

65 *CHI: &ah no these cam [//] those out there, nor th [//] nor

66 QuTA Twpa TTou pag TpaBael [=! points at the cameral.

66 This one recording us now [=! points at the cameral.

Grammatically-based Pragmatic Ability

Chl’'s Performance on Grammatically-based Pragmatic Ability showed dete-
rioration in items 1.3., 5.3, 9, 10, and 11. Chl was rated negatively in item 1.2
(propositional acts) both before and following sleep deprivation. Chl was successful
in using pauses within turns before but not following sleep deprivation. The ability
to present information in an unambiguous and orderly manner was demonstrated
before sleep deprivation, as shown in Example 14 (where Chl described his plans
for the night in a fairly structured manner, lines 32-33). However, Chl had serious
difficulties in this domain following sleep deprivation. Hence, item 5.3 was neg-
atively assessed:
(12) Chl, After

215 *CHI: NoItTév, TTpWTA, av €Xw Kavéva hadnua uTvaw oTIG EQTA,
215 *CHI: Well, firstly, if | have homework to do, | wake up at seven,
216 KAvw Ta pab [//] To ydbnua: [>] dua TpoAdBw va 10 Kavw +/.
216 | do my home [//] my homework: [>] if | have enough time +/.

217 *KEY: &=head:yes .

217 *KEY: &=head:yes .

218 *CHI: +, OeuTepov [//] i [//] &ee TTivw 1O YA [//] ou KAvel N Japd yaAa
218 *CHI: +, Secondly [//] | dr[//] &eh | drink mi [//] my mom makes milk
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219 Kal TO TTivw.

219 and | drink it.

220 *CHI: Mert [//] delTepov, TTAw Kkal BoupTaidw Ta dOVTIA Pou, YUpw

220 *CHI: Aft [//] secondly, | go brush my teeth, all

221 yUpw, TTavToU, aKOPa Kal aTa a10epaK [//] &ee OTIC daXTUAABPEG.
221 over, everywhere, even on the brac [//] &eh on the braces.

222 *INV: Qpaia.
222 *INV: Nice.

223 *CHI: Kai petd mnyaivw kar Balw pouxa, &ee TTPETTEI va EXW

223 *CHI: And then | go and put on clothes, &eh | must have

224 *CHI: eToludoel TNV ToavTa You Trpiv [/] Tpi [//] Tpiv EUTTVAOEI N Haud,
224 *CHI: prepared my bag before[/] bef [//] before my mom wakes up,
225 *CHI: va EUTTVAOW TTPWTOG.

225 *CHI: | must wake up first.

Chl is trying to describe an everyday activity using appropriate discourse
markers; yet his mind goes blank and he has to start over repeatedly (in lines 216,
218, 220, 221 and 224). The resulting description is difficult to follow. Lexical co-
hesion (item 9 in PREP-R) was evaluated positively before sleep deprivation and
negatively following sleep deprivation. Example 13 illustrates these difficulties.
(13) Chl, After
141 *INV: >ag eitrav oTe Ba Pyeite?

141 *INV: Did they tell you when you are leaving?
142 *CHI: &ee O€ PG iTav ol yiaTpoi.
142 *CHI: &eh the doctors did not tell us.

143 *CHI: Moévo otav eixaue [//]teAeiwvoape TN BOATA PaAg Kal yupioaue

143 *CHI: Only when we had [//] we finished our walk and returned

144 *CHI: TaAI TTicw, Kal agou trapaAiyo [//] TTAyaive va @uyel 1o [//] o @iAog
pou

144 *CHI: back again, and after it almost[//] almost came off [//] my friend

145 *CHI: TToU Popdel auTo [//] TTou éxel kKAvel eykepaloypapnua [>].

145 *CHI: who wears that [//] who has had an EEG examination [>].

146 *INV: &uxu [<].

146 *INV: &mhm [<].
147 *CHI: &ee payvnrikn.
147 *CHI: &eh MRI.

148 *CHI: ‘Exel BaAel €dw éva Tpdyua edw TTépa [=! points at the back of
his hand], 6Aol To popdve +/.
148 *CHI: He has put a thing on over here [=! points at the back of his hand],

everyone wears it +/.

149 *INV: Tnv TreTaAouda, vai.

149 *INV: The butterfly, yes.

150*PAR: +, &ee 10 [//] aAAG EekoAASTaY [:: EekoANoUaE] TO [//] Ba éByaive o€
Aiyo.

150*PAR: +, &eh it [//] but it came off [//] it would come off.
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151*PAR: yr'autd TTAYauE va Tou BaAoupe Aiyo oIAOTENTT ATTO TTAVW.
151*PAR: so we went to get some tape for him to put on.

Several aspects of Chl’s expression in this segment suggest lexical difficulties,
as he made several attempts to use self-repair strategies (as in lines 143-144). On
some occasions, these efforts fail and he produces grammatically incorrect (for ex-
ample, “xekollétan” in line 150); and he resorts to deictic and imprecise words.

Morphological and syntactic cohesion were positively assessed in the inter-
action before sleep deprivation (see Example 14 below). However, morphological
cohesion (item 10) was negatively assessed following sleep deprivation. Word
construction was often incomplete and the use of nouns, verbs and articles was
inadequate. Syntactic cohesion was also negatively assessed in the interaction
following sleep deprivation due to Chl’s difficulties in sentence construction. Ex-
ample 14 includes a brief statement in which Chl employs additional syntactic
and morphological options in his speech.

(14) Chl, Before

32 *CHI: Oa peivw [//] Ba EutrvAcw OTIG BUO N WPA Ta HETAVUXTA,
32 *CHI: | will stay [//] | will wake up at two in the midnight,

33 *CHlI: Kal JETA Ba KAvw O,TI BEAW.

33 *CHI: and then | will do whatever | want.

Example 15 consists of a similarly brief utterance, but, on this occasion, the com-
bination of lexical imprecision and lack of syntactic well-formedness results in
absurd and unintelligible speech.

15) Chl, After

161 *CHI: Eyw NpBa €dw [//] TTou ATav ekei Tépa Kal kaBéTav
161 *CHI: | came here [//] who was over there and it was sitting
162 *CHI: €Kl péoa.

162 *CHI: in there.

Example 15 reveals a violation of subject-verb agreement. There is a dis-
agreement between the subject and the verb in line 161, although the reader
should note that this is not reflected in the English translation. Cohesion is also
lacking in the aforementioned line. The impairments in question could be alterna-
tively attributed to an omission of an additional third-person subject in the utterance.

A substantial performance difference is observed when comparing Chl’s
scores on Enunciative Pragmatics pre- and post- sleep deprivation; his score
dropped from 60%, to only 26.67%. Chl’s score in Textual Pragmatics before
sleep deprivation was relatively high (71.43%), but deteriorated remarkably fol-
lowing sleep deprivation (28.57%). His initial performance on Interactional Prag-
matics (85.71%), dropped to 57.14% following sleep deprivation.

DISCUSSION

The present study explored the effect of sleep deprivation on the pragmatic
abilities of two children aged 11 years, using the Pragmatic Evaluation Protocol
— Revised (PREP-R; Fernandez Urquiza, Diaz Martinez, Moreno Campos,
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Lépez-Villasefior, and Simén Lépez 2015; see Gallardo Pauls 2006; 2009). The
excerpts provided illustrate a number of impairments in the boys’ post-sleep dep-
rivation performance. Both had difficulty in managing pauses and using strategies
to gain extra time. In addition, the boys displayed deterioration in cohesion (lex-
ical, morphological, and syntactic). They also encountered difficulties in turn-tak-
ing and Chl, more specifically, manifested a reduced use of gestures and less
preferred utterances. Delay in speech initiation was also observed in KM’s
speech output. KM also experienced difficulties in using verbal compensatory
acts. Inadequate use of verbal compensatory acts has been interpreted in pre-
vious studies as a deficit in behavior planning and self-monitoring, which is an
important component of executive functions (Blain-Briere, Bouchard and Bigras
2014). KM’s answers were, at times, short, thus violating Grice’s (1975) Maxim
of Quantity. This is in line with previous evidence that suggests that impairments
in fluency following sleep deprivation are common (Vartanian et al. 2014).

After a night of sleep deprivation, Chl was unable to successfully manage pau-
ses. That s, a slower reaction time was observed, indicating problems in alertness
(Chengyang et al. 2016; Doran, Van Dongen and Dinges 2001; Killgore 2010).
Chl's metapragmatic awareness was also compromised. This can be attributed
—to some extent— to self-monitoring difficulties, which have been found to decline
following sleep deprivation (Tsai, Young, Hsieh and Lee 2005).

ChI’'s working memory problems following sleep deprivation corroborate pre-
vious findings (Chee and Choo 2004; Lei et al. 2015). These working memory
problems can, in turn, account for additional negative effects on conversational
skills in the two children, in line with previous research (Blain-Briere, Bouchard
and Bigras 2014).

The post-sleep deprivation impairments that were observed in the present
study should still be interpreted with caution, as it is hard to disentangle the ef-
fects of different cognitive abilities on conversational skills. Nevertheless, the
tool that we employed afforded us the possibility to look at detailed aspects of
pragmatic abilities and their post-sleep deprivation decline. It also provided evi-
dence on unique patterns of previously unexplored pragmatic abilities. Future
research is warranted in order for the relation between cognitive functioning and
pragmatic performance to be better understood.

The full adaptation and validation of the Greek PREP-R is still in progress.
Administering standardized cognitive tasks in combination with PREP-R in future
work can shed more light on the relationship between sleep deprivation and spe-
cific patterns of pragmatic impairments. The narratives of our participants, the
presence of familiar persons in the interaction, and video recording analysis con-
stitute a powerful way of examining what otherwise could be overlooked when
evaluating conversational performance. It would also be of interest to apply brain
imaging in order to examine how pragmatic competence is instantiated in the
brain and how it can be compromised after sleep deprivation, thus providing fur-
ther clinical and theoretical implications.
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Appendix 1

CHAT conventions used in the cited excerpts:

[>]: overlap of utterance follows

[<]: overlap of utterance precedes

[>1], [<1], [>2], [<2] : numbered overlaps within a single utterance
&ee (&eh), &aa (&ah), &uxu (&mhm) : exclamations

[/] : repetition

[/ : self-correction

[=! Text] : comment describing paralinguistic material

(.), (..) : small pauses; full stops indicate the number of seconds

. (3.), (4.) : pauses; the numbers in brackets indicate the number of seconds
10. [:: text] : replacement of a real word

11. &=head:yes : positively nodding with the head

12. +/. : interruption

13. +, : interruption, continued
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