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CHAPTER 1 
General introduction

1.1  Introduction

The mechanisms and strategies involved in sentence processing depend partially on 
the morphosyntactic properties of the language. Typologically, the more morphology 
a language has (e.g., case and agreement), the greater the freedom it displays when it 
comes to the word order of the sentence. Previous studies have shown that word order 
strongly impacts on the sentence comprehension abilities of people with aphasia (PWA). 
However, it is not clear whether it is an epiphenomenon restricted to certain languages 
with word order restrictions, or whether morphological markers aid the comprehension 
of sentences with derived word order to a varying degree across languages. 
 The current thesis focuses on sentence processing in PWA and non-brain-damaged 
(NBD) speakers of a free word order language (Basque) and/or a flexible word order 
language (Spanish). It includes a series of studies on bilingual and monolingual speakers 
with the goal being to consider a) how language-specific properties influence accuracy 
and real time processing within sentence comprehension (Chapters 2 and 3); b) the 
cross-linguistic transferability of sentence parsing mechanisms in bilingual speakers 
(Chapter 3); c) the potential bilingual advantage in sentence comprehension abilities due 
to enhancement of executive functions (Chapter 3); and d) self-monitoring abilities and 
consequent error awareness in sentence comprehension (Chapter 4). 
 The following dissertation makes four novel contributions to the field of sentence 
comprehension in PWA and NBD participants. First, it introduces a study on speakers of 
a language with a unique morphosyntactic pattern; that is, Basque. This pattern pertains 
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to the ergative case in Basque, as well as its free word order. Second, it examines early 
bilingual speakers of typologically distant languages, namely Basque and Spanish. Third, 
it merges behavioral and eye-tracking data in order to provide insight into real time 
sentence processing in both correct and impaired sentence comprehension. Lastly, it 
transfers a well-established paradigm in the field of consciousness and cognition research 
into the study of sentence comprehension error awareness in PWA. 

1.2  Psycholinguistic aspects of sentence comprehension 

1.2.1   Brief characterization of comprehension impairments 
People with non-fluent aphasia (in this thesis PWA) frequently show difficulties in 
comprehending sentences, even when they have spared lexical comprehension abilities. 
This is the case because sentence comprehension in natural languages goes beyond the 
cumulative meaning of lexical items; it requires computing the relationships between its 
parts. In order to successfully interpret a sentence, listeners need to process the structural 
relationship between the verb and its arguments, by identifying the thematic roles that 
each argument plays in the event denoted by the verb. For example, in (1) the listener 
must identify that ‘the musician’ is the Agent of the verb ‘tune’, while ‘the viola’ is the 
Theme. 

(1) The musician tunes the viola. 

Previous studies have shown that people with Broca’s aphasia have unimpaired lexical 
access to the verb and its argument structure (Shapiro & Levine, 1990), as well as 
preserved ability to judge the grammaticality of argument structure violations (Kim 
& Thompson, 2004). Whether the same pattern is found in other non-fluent aphasic 
syndromes is largely unknown. Still, PWA are particularly impaired when it comes to the 
comprehension of semantically reversible sentences presented in derived word order (2), 
which is likely due to a post-activation process required for the assignment of thematic 
roles to phrasal arguments. In semantically reversible sentences, both of the determiner 
phrases (DPs) in the sentence are equally plausible choices for the Agent/Theme of the 
action described by the verb. Thus, in the absence of semantic constraints, PWA have 
difficulties knowing who did what to whom when the arguments are not presented in the 
base order of the language (e.g., Subject-Agent Verb Object-Theme in English or Subject-
Agent Object-Theme Verb in Japanese). 

(2) The fish that the frog is biting is green.
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Consequently, PWA have a better preserved comprehension of sentences presented in 
base word order (e.g., active sentences, subject cleft, subject relative (3) constructions 
in English), because the heuristic information of the word order guides the correct 
interpretation of the linguistic message. They assume that the first DP of the sentence 
is the agentive-subject of the verb. However, heuristic strategies do not guide a full 
parsing routine, but rather an approximation of the thematic role assignment across the 
arguments of the sentence. Thus, comprehension tends to break down when semantic 
and word order information (i.e., heuristics) do not provide enough information to 
disentangle the thematic role assignment, and PWA are forced to conduct a full parsing 
routine taking into account morphosyntactic markers (e.g., passive, object cleft, object 
relative (4) constructions in English) (e.g., Bastiaanse & Van Zonneveld, 2006; Berndt, 
Mitchum, & Haendiges, 1996; Caplan & Futter, 1986; Caplan & Hildebrandt, 1988; 
Schumacher et al., 2015; Schwartz, Saffran, & Marin, 1980).

(3) I see the woman who combs the girl.
(4) I see the girl who the woman combs.

The use of heuristic information in sentence processing is not restricted to PWA. Parsing 
routines based on syntactic information are complex and time-consuming processes. 
Healthy speakers also use heuristic information (e.g., word order, animacy, plausibility) as 
a less costly, economic and fairly reliable shortcut to disentangle thematic role assignment 
(Ferreira, 2003; Ferreira, Anes, & Horine, 1996; Ferreira & Patson, 2007; Townsend & 
Bever, 2001; van Herten, Chwilla, & Kolk, 2006). However, when heuristic strategies do not 
guide the correct interpretation of the sentence (e.g., in semantically reversible sentences 
in derived word order), the parsing routine is revised based on the detailed analysis of 
the morphosyntactic markers. In unimpaired adults, the latter also implies higher 
cognitive effort in sentences presented in T-A argument order compared to sentences 
presented in A-T order, as suggested by greater error rates (Bornkessel, Schlesewsky, 
& Friederici, 2002; Ferreira, 2003), longer reaction times (Del Río et al., 2011; Del Río, 
López-Higes, & Martín-Arangoneses, 2012), longer reading times (Bentacort, Carreiras, 
& Sturt, 2009; Erdocia, Laka, Mestres-Missé, & Rodriguez-Fornells, 2009) and different 
electrophysiological brain activity (Carreiras, Duñabeitia, Vergara, de la Cruz-Pavía, & 
Laka, 2010; Erdocia et al., 2009). It has been shown that there is a gradual deterioration 
in sentence processing along life span (e.g., Caplan, DeDe, Waters, Michaud, & Tripodis, 
2011; Obler, Fein, Nicholas, & Albert, 1991; Schneider, Daneman, & Murphy, 2005; Sung, 
2016; Wingfield, Peelle, & Grossman, 2003). 
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1.2.2   Cross-linguistic evidence on sentence comprehension deficits
All languages allow a certain degree of variability in the order in which constituents 
of a sentence may be presented, usually depending on the amount of (agreement and 
case) morphology of each particular language. The effect of word order on sentence 
comprehension difficulties has been proven across PWA speakers of many typologically 
distant languages (e.g., in Dutch, Bastiaanse, & Edwards, 2004; in Italian, Garraffa & 
Grillo, 2008; in English, Meyer, Mack, & Thompson, 2012; in Swahili, Abuom, Shah, 
& Bastiaanse, 2013; but cf. in Indonesian, Jap, Martínez-Ferreiro, & Bastiaanse, 2016). 
It has also been shown in PWA speakers of languages with case morphology (e.g., in 
German, Burchert, De Bleser, & Sonntag, 2003; in Turkish, Duman, Altınok, Özgirgin, 
& Bastiaanse, 2011). These languages mark each argument of the verb depending on 
their grammatical function or thematic role, and thereby allow more flexibility in the 
order in which constituents may be placed into the sentence. Still, some cross-linguistic 
comparisons have suggested that PWA speakers of languages with case morphology have 
a less impaired comprehension of sentences in derived word orders (Bastiaanse & van 
Zonneveld, 2006; see Bastiaanse & Edwards, 2004; Burchert, De Bleser, & Sonntag, 2003). 
This is likely because PWA retain sensibility towards the highly reliable cues needed to 
parse sentences in their language (Bates, Friederici, & Wulfeck, 1987). 
 Yarbay et al. (2011) showed that Turkish speakers with Broca’s aphasia had difficulties 
integrating word order and case information. Participants relied on base word order and/
or base case (nom/acc) to aid sentence comprehension, and in the absence of one or 
both cues comprehension was equivalently impaired. To uncover the interplay between 
word order and case, Yarbay et al. (2011) included embedded sentences. Thus, it is 
difficult to tease apart the effect of word order from syntactic complexity. Two questions 
remain unclear. First, it is unknown how variations solely in word order affect sentence 
comprehension in PWA speakers of free word order languages. Second, it is still unclear 
whether the degree of impairment in processing sentences in derived word order depends 
on the type of morphological marking that PWA need to process (e.g., subject-verb 
agreement in Dutch vs. case morphology in German). This cross-linguistic comparison 
in bilingual speakers provides us with a unique opportunity to analyze how distinct types 
of morphological markers impact sentence comprehension abilities.
 The current dissertation addresses these two questions in Chapters 2 and 3, 
respectively. In Chapter 2, we present a group of bilingual Basque-Spanish PWA and NBD 
who performed a sentence comprehension task in Basque, a richly inflected, ergative, and 
free word order language. In Chapter 3, we compare a group of Basque-Spanish bilingual 
PWA and NBD performing a comparable sentence comprehension task in both Basque 
and Spanish, taking into account a variety of word orders. 
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Before continuing, we offer a brief characterization of the languages spoken by the PWA 
and NBD taking part in a series of experiments, which will be presented along with this 
thesis. 

1.2.2.1    Linguistic background: Basque versus Spanish 
Basque is an isolated, free word-order language, with SOV as a base word order (De 
Rijk, 1969, Erdocia et al., 2009). It is a richly inflected and agglutinative language. The 
subject, direct object and indirect object are case marked, and they all agree with the 
inflected verb in number, person and case. Because of its highly inflectional nature, all 
constituents may take any position in the sentence without changing a single inflectional 
morpheme. Furthermore, Basque is an ergative language. This means that the agentive 
subject of transitive verbs gets the ergative case (-k), whereas the objects of transitive 
verbs and subjects of unaccusative verbs get the absolutive case marking (-Ø) (5). Hence, 
in Basque, case morphology marks the thematic role of each argument of the verb (i.e., 
Agent/Theme), rather than the syntactic function (i.e., Subject/Object) as in previously 
studied languages (e.g., German or Turkish). 
 In line with the ergative alignment of the language, sentences beginning with a DP 
marked with absolutive case are temporarily ambiguous, because they may be interpreted 
as the subject of an intransitive/unaccusative verb (6), as a sentence-initial object with 
a null-subject (7), or as the object in a sentence with OSV word order (8) (see also Laka, 
2012). 

(5) Nesk-a-k mutil-a- Ø bultzatu d-u-Ø
  girl-det-erg boy-dat-abs push aux.has (3pl.abs-root-3pl.erg)
  The girl has pushed the boy.

(6) Nesk-a- Ø erori da
  girl-det-abs fall aux.is (3pl.abs)
  The girl has fallen.

(7) (nesk-a-k) mutil-a- Ø bultzatzu d-u-Ø
  girl-det-erg boy-det-abs push aux.has (3pl.abs-root-3pl.erg)
  (the girl) has pushed the boy.

(8) mutil-a- Ø nesk-a-k bultzatu d-u-Ø
  boy-det-abs girl-det-erg push aux.has (3pl.abs-root-3pl.erg)
  The girl has pushed the boy.

Spanish is a Romance language. It has a rather flexible word order, with SVO as its base 
word order (Gutiérrez-Bravo, 2007; Hickey, 1994). The verb agrees with the subject in 
number and person, and it displays a rich variety of affixes. Contrary to Basque, case 
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morphology is restricted to personal pronouns and the preposition ‘a’ marks the animate 
object, except in passive structures. In the active voice, the subject is the Agent and 
the object is the Theme, whereas in the passive voice the thematic roles are assigned 
inversely and the Agent is realized as an adjunct prepositional phrase (by-phrase), similar 
to English. In relative clauses (e.g., subject relative; 9) and clefts (e.g., object cleft; 10), the 
animate object is marked by the preposition ‘a’ (Leonetti, 2003).

(9) Veo al  chico que empuja a la chica
  see prep boy rel-pron push prep det girl
  I see the boy who pushes the girl.

(10) Es a la chica a   la que empuja el chico
  be prep det girl prep det rel-pron push det boy
  It is the girl who the boy pushes.

Previous studies have shown that healthy speakers rely on word-order information to 
resolve morphological ambiguities affecting sentence interpretation in both Basque and 
Spanish. When presented with sentences as in (8), healthy speakers of Basque prefer to 
interpret the sentence according to the Subject-first bias, and subsequently reanalyse the 
parsing routine when confronted with the second DP (Carreiras et al., 2010; Erdocia et 
al., 2009; for a review Laka & Erdocia, 2012). In a similar vein, in temporary ambiguous 
sentences, healthy Spanish speakers interpret the first DP as an agentive-subject, and 
subsequently implement a full thematic-parsing routine once they are confronted with 
the disambiguation point (Del Río et al., 2011; see also Casado et al., 2005). 

1.2.3   Theories on sentence comprehension deficits: a snapshot
Two major sets of accounts have been proposed to explain sentence comprehension 
deficits in aphasia: representational and processing accounts. The former includes 
the most influential representational theory: the Trace Deletion Hypothesis (TDH; 
Grodzinsky, 1986; 1995, 2000; Drai & Grodzinsky, 2006ab), which states that the syntactic 
representations are affected in PWA. The latter includes several theories related to 
language processing breakdown, such as the Derived Order Problem Hypothesis (DOP-H, 
Bastiaanse & Van Zonneveld, 2006), slowed syntax hypothesis (e.g., Burkhardt, Avrutin, 
Piñango, & Ruigendijk, 2008; Burkhardt, Piñango, & Wong, 2003), and other models on 
reduced resource processing (Caplan, 2006; Caplan, Waters, DeDe, Michaud, & Reddy, 
2007; Dickey, Choy, & Thompson, 2007; Haarmann, Just, & Carpenter, 1997).
 According to the TDH (Grodzinsky, 1986; 1995, 2000; Drai & Grodzinsky, 2006ab), 
individuals with Broca’s aphasia have no representation of the trace left behind by the 
syntactically displaced argument from its base position. Therefore, they fail to assign the 
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correct thematic role to the constituents that have moved position across the sentential 
structure. In contrast, theories belonging to the processing accounts claim that individuals 
with Broca’s aphasia have intact representations, but they have a difficulty, rather than 
an inability, in processing derived argument structures (Bastiaanse & Van Zonneveld, 
2006). The disorder is particularly noticeable in semantically reversible sentences where 
arguments are presented in derived Theme-Agent order (e.g., passives and object relatives 
in English). According to some studies, PWA occasionally fail to comprehend sentences 
in derived word order because the cognitive demand imposed by the linguistic stimuli 
exceeds the capacity of the reduced computational resources in PWA (e.g., Burkhardt, 
Avrutin, Piñango, & Ruigendijk, 2008; Burkhardt, Piñango, & Wong, 2003; Caplan & 
Waters, 1999; Caplan, 2006; Caplan, Waters, DeDe, Michaud, & Reddy, 2007; Haarmann, 
Just, & Carpenter, 1997).
 There are two key differences between representational and processing accounts that 
will be addressed in the following chapters. First, we will contrast the language-specific 
predictions that the TDH (Grodzinsky, 1986; 1995, 2000; Drai & Grodzinsky, 2006ab) and 
DOP-H (Bastiaanse & Van Zonneveld, 2006) make for SOV languages, such as Basque. 
We will analyze the extent to which word order variation, in the absence of morphological 
change, affects sentence comprehension deficits in PWA. Second, both representational 
and processing accounts diverge in their interpretation of chance-level performance in 
PWA. The TDH (Grodzinsky, 1986; 1995, 2000; Drai & Grodzinsky, 2006ab) attributes 
chance-level performance on a comprehension task focusing on semantically reversible 
sentences to a guessing pattern. Contrarily, processing accounts predict that incorrectly 
comprehended sentences belong to a stochastic breakdown of the parser (Caplan, 
Michaud, & Hufford, 2013; Caplan, Waters, DeDe, Michaud, & Reddy, 2007), and they 
claim that correctly comprehended sentences do not result from a random choice. This 
interpretation has been supported by online sentence processing data (Hanne et al., 
2011; see Burchert, Hanne, & Vasishth, 2013, for a review). Following the methodology of 
Hanne et al. (2011), Chapter 2 focuses on contrasting the processing and representational 
accounts, combining both off-line (i.e., accuracy and reaction time) and online (i.e., 
eye-tracking) data in a group of bilingual Basque-Spanish PWA1 performing a sentence 
comprehension task in Basque. 

1 Currently Basque speaking monolinguals are rare, since both Spanish and French are required by law, depending 
on geopolitical territories. 
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1.3  Sentence processing in bilingual speakers

Whereas at least half the world’s population is bilingual (e.g., European Commission, 
2012; United States Census Bureau, 2016), little is known about the particularities of 
sentence processing abilities in bilingual PWA. The current dissertation addresses the 
topic of bilingualism from two perspectives. The first perspective involves the cross-
linguistic transferability of linguistic abilities in bilingual speakers. The second one 
revolves around the enhancement of executive functions in bilingual speakers, which 
has already been reported in the literature (e.g., Bialystok, Craik, Klein, & Viswanathan, 
2004; Costa, Hernández, & Sebastián-Gallés, 2008; Martin-Rhee & Bialystok, 2008; 
Prior & MacWhinney, 2010; Teubner-Rhodes et al., 2016) and the consequences that this 
enhancement may have for sentence comprehension in bilingual PWA. 

1.3.1   Cross-linguistic transferability
The bilingual mind does not process languages separately, as independent entities. 
There is compelling evidence supporting a unified lexical-syntactic system in bilingual 
speakers, as suggested by the cross-linguistic transfer in language processing strategies 
(Wulfeck, Juarez, Bates, & Kilborn, 1986), therapeutic effects in the untreated language 
(see Ansaldo & Saidi, 2014), and cross-language syntactic priming effects (Verreyt et 
al., 2013). When it comes to sentence processing, if heuristic strategies fail to guide the 
correct interpretation of the sentence, the ability to process morphosyntactic information 
becomes crucial. Although the processing of morphosyntactic information constitutes a 
core deficit in agrammatic aphasia (see Thompson, Kielar, & Fix, 2012 for an overview), 
several authors suggest that PWA remain sensitive to highly reliably cues in their language 
(Bates, Friederici, & Wulfeck, 1987). Under a unified lexico-syntactic system, one may 
wonder whether a poorer inflected language (i.e., Spanish) may benefit from processing 
morphosyntax in a richly inflected language (i.e., Basque). This potentially provides 
Basque-Spanish bilingual PWA with a less severe sentence comprehension impairment 
in Spanish, compared to monolingual Spanish speakers. 
 A few studies have addressed this question so far. Some studies have reported equal 
sentence processing impairment across languages in PWA speakers of both distant 
languages, such as Swahili and English (Abuom, Shah, & Bastiaanse, 2013) and closely 
related languages as Spanish-Gallician (Juncos-Rabadán, Pereiro, & Souto, 2009). The 
role of case morphology and the potential cross-linguistic transferability has been 
studied in case studies on Basque-Spanish (Munarriz, Ezeizabarrena, & Gutierrez-
Mangado, 2016) and Hindi-English bilingual PWA (Venkatesh, Edwards, & Saddy, 2012), 
reporting contradictory findings. However, none of the previous studies have included a 
monolingual control group. 
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1.3.2   Enhancement of executive functions
Some studies on bilingualism suggest that the proficient use of two or more languages 
boosts executive functions (Bialystok, Craik, Klein, & Viswanathan, 2004; Costa, 
Hernández, & Sebastián-Gallés, 2008; Martin-Rhee & Bialystok, 2008; Prior & 
MacWhinney, 2010). The rationale is that bilingual speakers need additional mechanisms 
in order to ignore irrelevant information and avoid conflicts across languages, which are 
activated simultaneously irrespective of the language in use (e.g., Marian & Spivey, 2003; 
see Kroll, Bobb, & Wodniecka, 2006 and Kroll & Dussias, 2013). 
 There is evidence that the enhancement in executive functions may aid sentence 
processing abilities to some extent. Bilingual speakers are less susceptible to sentence-
level interference (Filippi, Leech, Thomas, Green, & Dick, 2012), and outperform 
their monolingual peers in comprehension of both garden-path and non-ambiguous 
sentences (Teubner-Rhodes et al., 2016). According to Teubner-Rhodes et al. (2016), 
bilingualism provides speakers with a greater ability to detect and resolve unpredictable 
conflict during sentence parsing and interpretation in relation to monolingual speakers. 
Thus, when confronted with sentences, bilingual speakers outperform monolinguals in 
inhibiting the reverse interpretation of the sentence. 
 This is important because some authors have suggested that comprehension deficits 
in PWA are due to impaired inhibitory processes (Dickey et al., 2007; Hanne et al., 2011; 
Schumacher et al., 2015). Inhibition is in the domain of executive functions, which are 
strongly related to working memory (Miyake et al., 2000; Friedman & Miyake, 2004). Thus, 
the involvement of executive processes in understanding sentence comprehension deficits 
in PWA is in line with previous studies that have associated sentence comprehension 
deficits in PWA with working memory limitation (e.g., Haarmann et al., 1997; Miyake, 
Carpenter, & Just, 1994; Sung et al., 2009; Zakariás, Keresztes, Dementer, & Lukács, 2013; 
cf. Caplan & Waters, 1999; 2013) and cognitive control limitations (see Novick, Trueswell, 
& Thompson-Schill, 2005; 2010; for an overview Ardila, 2012).
 Altogether, there is evidence suggesting that bilingual speakers show an advantage 
over monolingual speakers in processing sentences in the same language. Chapter 3 
presents a study on bilingual Basque-Spanish PWA and monolingual Spanish PWA, as 
well as matched unimpaired participants, performing a sentence comprehension task in 
Spanish.
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1.4  Methodological background: eye-tracking on sentence processing

Most of the studies on sentence comprehension deficits have used off-line methods (i.e., 
by counting the number of correct/incorrect answers). However, sentence comprehension 
is a dynamic process. Listeners establish syntactic and semantic relationships between 
the constituents of the sentence as the linguistic cues are presented, and online methods 
allow us to monitor language processing in real time. 
 Using the visual world paradigm, the auditory presentation of the linguistic stimuli, 
as well as the subsequent processing, is tightly linked to visual attention shifts across the 
visual display (Cooper, 1974; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995). 
Thus, it is possible to infer the cognitive processes involved in language comprehension 
by aligning the auditory presentation of the stimuli with the timing and pattern of eye-
gaze fixations to potential referents in the visual world. It has been shown, within this 
framework, that healthy listeners do not wait until the end of the sentence to assign 
thematic roles onto the arguments. The assignment of thematic roles onto the arguments 
of the verb is done extremely fast. Listeners may build up expectations about potential 
arguments prior to auditory presentation due to the influence of the visual context. 
Hence, they display an anticipatory behavior in thematic role assignment, as shown in 
speakers of languages with case morphology, such as Japanese (Kamide, Altmann, & 
Haywood, 2003) and German (Kamide, Scheepers, & Altmann, 2003; Knoeferle et al., 
2005). 
 The visual world paradigm seems to be a promising way to shed light on how PWA 
and NBD process different types of linguistic cues during the presentation of linguistic 
stimuli. It also offers the possibility of exploring the extent to which language processing 
in PWA diverges from that in NBD. Previous visual world paradigm studies on PWA have 
shown that in sentence comprehension tasks, correctly and incorrectly answered trials 
correspond to distinctive gaze fixation patterns (Dickey et al., 2007; followed by Hanne 
et al., 2011; Meyer, Mack, & Thompson, 2012; Schumacher et al., 2015). This finding shows 
that PWA do not answer by guessing, contrary to the predictions of the TDH (Grodzinsky, 
1986; 1995, 2000; Drai & Grodzinsky, 2006ab), but it also provides real time evidence 
that PWA are sometimes able to process reversible sentences in derived word orders in a 
similar way to control participants. So far, findings on the sentence processing speed of 
PWA compared to NBD have not been consistent (see Dickey et al., 2007; Meyer, Mack, & 
Thompson, 2012 versus Hanne et al., 2011).
 Still, it is unclear what underlying processes are involved in the incorrectly interpreted 
sentences. Based on gaze fixation data, Hanne et al. (2011) reported that PWA increasingly 
fixate on the target or foil picture early in the auditory presentation of linguistic stimuli, 
and they do not switch across pictures even when they are incorrect. According to the 
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authors, such behaviour signals that PWA apply a ‘deterministic parsing’ routine. That 
is, they choose a canonical or non-canonical parsing routine during the presentation of 
a sentence from early on. They also cannot reanalyse the initial routine when it requires 
revision. In the following dissertation, we aim to shed light onto this topic by applying 
methodologies similar to those of Hanne et al. (2011) (i.e., sentence-picture matching 
task in the VWP) in the study of PWA speakers of Basque. Recall that Basque presents 
syntactic ambiguity in sentences presented in OSV word order when the verb is transitive. 
Consequently, listeners are forced to reanalyse the parsing routine. Thus, the study of 
sentence processing in Basque PWA may contribute to the understanding of the potential 
use of “deterministic parsing” and the failure in reanalysis processes.
 In addition, this dissertation takes into consideration the role that compensatory 
strategies may play in sentence comprehension performance in PWA. Compensatory 
strategies are conscious tactics to overcome specific difficulties, as shown by PWA in 
many modalities, such as self-cueing, verbal repetition, and mental associations (e.g., 
Beeke, Wilkinson, & Maxim, 2009; Oelschlaeger & Damico, 1998; Tompkins, Scharp, & 
Marshall, 2006; see Simmons-Mackie & Damico, 1997). Behavioural and gaze fixation 
patterns found in previous studies using sentence-picture matching are compatible 
with the possibility that PWA use agent-first strategy as the “best guess” to overcome 
their sentence comprehension difficulties. To shed light onto this topic the fourth 
and last section of this dissertation addresses the topic of error awareness in sentence 
comprehension in PWA.

1.5  Error awareness in sentence comprehension deficits

The use of compensatory strategies requires a certain degree of conscious awareness of 
a specific deficit. In Chapter 4 of this dissertation, we get an insight into metacognitive 
awareness in sentence processing in PWA, by assessing their error awareness in a 
sentence comprehension task. Metacognitive awareness is measured using confidence 
ratings reported by the listener after performing the primary task (i.e., sentence-
picture matching). The degree of consistency between the objective performance (i.e., 
comprehension accuracy) and subjective confidence rating is used to assess the extent to 
which the sentence comprehension task is mediated by conscious knowledge (Cheesman 
& Merikle, 1984, 1986; Dienes, Altmann, Kwan, & Goode, 1995; Overgaard, Timmermans, 
Sandberg, & Cleeremans, 2010), ergo, by voluntary control. 
 Dienes et al. (1995) proposed two criteria to use confidence ratings to establish a 
threshold between conscious and unconscious knowledge: the zero-correlation criterion 
and the guessing-criterion. Zero-correlation refers to the lack of a relationship between 
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confidence ratings and objective accuracy, while the guessing criterion refers to the 
observed above chance performance in the primary task when participants reported 
guessing. So far, comprehension error awareness has never been studied in non-fluent 
PWA. In the current work, we extend the paradigm of Dienes et al. (1995), previously used 
on perceptual discrimination and implicit learning (Norman & Price, 2015; Overgaard, 
2015, for an overview), into the study of aphasia. 
 In the sentence comprehension task conducted in Spanish, we introduced a 
secondary task consisting of a confidence rating, in which participants had to judge the 
correctness of their previous answer. They were provided with a three-option diagram 
to perform the rating: a) “sure I answered correctly”, b) “I guessed”, c) “sure I answered 
incorrectly”. We aimed to study the extent to which people with non-fluent aphasia have 
conscious knowledge of language processing, and hence, perceive the failure of sentence 
interpretation. This has important theoretical implications, since it may provide 
evidence in favour of or against the guessing heuristic that the TDH (Grodzinsky, 1986; 
1995, 2000; Drai & Grodzinsky, 2006ab) attributes to PWA when they are confronted with 
sentences with derived order of the arguments. In addition, it also has important clinical 
implications, because the presence or absence of error awareness in PWA may influence 
the need to establish systematic language assessment procedures in these patients, even 
when they claim to comprehend correctly. 
 To sum up, in the following chapters we present a series of articles studying the effect 
of word order on sentence comprehension deficits in PWA. Four groups are studied: 
bilingual Basque-Spanish PWA and NBD, and monolingual Spanish PWA and NBD. 
Participants performed sentence picture matching tasks in Basque and/or Spanish in a 
variety of word orders. Across all the experiments we combined behavioural (i.e., accuracy) 
and online data (reaction time and gaze fixation) in order to study real time sentence 
processing based on the accuracy of sentence comprehension tasks. In addition, in the 
Spanish version of the sentence comprehension task, we included a confidence-rating 
task, the purpose of which was to investigate the subjective perception of participants’ 
performance in each trial, and consequently, error awareness.
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1.6  Research questions

We aim to answer the following research questions in the chapters of the present 
dissertation: 

Chapter 2. Sentence comprehension deficits in a free word order language; Basque. 
(i) Which theoretical account (TDH vs. DOP-H) predicts the sentence 

comprehension deficits in PWA speakers of a free word order language, such as 
Basque? 

Chapter 3. Sentence comprehension in Basque-Spanish bilingual aphasia and Spanish 
monolingual aphasia.

(ii) What is the influence of different types of morphological markers (i.e., 
preposition vs. case-marking) on sentence comprehension deficits in PWA?

(iii) Do Basque-Spanish bilingual speakers with aphasia and unimpaired non-brain-
damaged speakers perform differently from Spanish monolingual speakers on a 
sentence comprehension test in Spanish?

Chapter 4. Error awareness in sentence comprehension deficits. 
(iv) Are PWA aware of their sentence comprehension errors? 
(v) Is sentence comprehension performance unconsciously mediated in PWA and 

NBD?
(vi) To what extent do PWA answer by guessing when comprehending sentences 

with derived word order?

Finally, in Chapter 5 the results of the three studies will be taken together and discussed.




