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Abstract

The aim of this paper is to show the impor-
tance of Argument Realization as a crucial fac-
tor of understanding and processing verb
meaning. We discuss experimental data from
brain-damaged and non brain-damaged popu-
lations regarding verb processing demonstrat-
ing the significance of correct thematic role
assignment.

1 Introduction

Previous research on verbs has mainly focused
on the following principal areas of verb represen-
tation and processing: 1. Argument Structure, i.e.
the specification of structural relations between
the predicate and its arguments. 2. Thematic
Roles, i.e. the interpretation of these arguments
in terms of the roles they play in the event or
state denoted by the predicate. 3. Representation
of a verb’s meaning in terms of its internal struc-
ture, traditionally studied in terms of conceptual
primitives  within a semantic template
representing a verb or verb class. While previous
theoretical and experimental work has shown the
importance of these three domains in our under-
standing of verbs, what is less clear is the process
by which the abstract thematic roles match with
the specific structurally represented arguments,
in other words the way thematic roles are rea-
lized as arguments at the sentence level. In this
paper we will show the importance of argument
realization (AR) in understanding and processing
verb meaning, and by extension, sentence mean-

ing.
2  Theoretical Background

There are various theories that attempted to shed
light on the relationship between the abstract
thematic roles and the concrete arguments of a

verb by targeting the interpretation of sentence
constituents according to their syntactic position
(i.e. thematic hierarchy, e.g. Fillmore, 1968;
Grimshaw, 1990;), their general semantic content
(i.e. proto-roles, e.g. Dowty, 1991), and their
properties of animacy and definiteness (i.e. ani-
macy hierarchy, e.g. Croft, 2003). Moreover,
various specific hypotheses about the linking
between thematic roles and a verb’s arguments
have been proposed (e.g., Permutter & Postal’s
1984 Universal Alignment Hypothesis—UAH—
and Baker’s 1988 Universality of Theta Assign-
ment Hypothesis — UTAH). While these theories
provide the theoretical framework highlighting
the importance of AR, the main purpose of the
research presented here is to explore how argu-
ment realization affects language processing. We
discuss experimental data from brain-damaged
and non brain-damaged populations by looking
at sentences which require non-canonical AR,
such as in (1).

(1) a. The thunder frightened the boy
(Theme before Experiencer)

b. The boy feared the thunder
(no Agent)

We focus on two experiments which shed light,
from different directions, on the same phenome-
non, i.e. the role of AR in accessing verb mean-
ing, and consequently sentence meaning. We
predict that sentences with non-canonical AR
will increase processing load, compared to other
features of verb representation that could in-
crease complexity, such as complex internal
structure, thus highlighting the distinctive way
verb AR contributes to language interpretation
(Exp. 1). Similarly, we anticipate brain-damaged
populations (i.e. Alzheimer’s patients) to demon-
strate difficulties dealing with sentences that re-
quire non-canonical AR (Exp. 2). Based on the



results of these two independent experiments we
will support the idea that AR has a unique con-
tribution to verb meaning interpretation and,
consequently, to sentence processing.

3 Exp. 1: Evidence from on-line sen-
tence processing in non brain-damaged
populations

Sentences with non-canonical AR impose
processing difficulties resulting in longer Read-
ing Times (RTs) (Frazier & Clifton, 1996; Born-
kessel et al. 2002, 2003; Bornkessel & Schle-
sewsky, 2006). In the experiment reported here
(Manouilidou & de Almeida, under review), we
attempted to contrast the roles of internal struc-
ture, argument structure and AR and investigate
whether we can establish primacy relationships
between them. We explored the performance of
native speakers of English in four groups of
verbs that differ with respect to their internal
structure (change-of-state [+CS] vs. non-change-
of-state verbs [-CS]) and their thematic roles
which might result in non-canonical AR (Agent
[+AG] vs. NonAgent [-AG]).

Participants. Thirty-eight undergraduate students
participated in the study for course credit. They
were all native speakers of English and had nor-
mal or corrected-to-normal vision.

Materials. 128 experimental sentences were in-
cluded, divided into four conditions, according to
the variables of change of state (+/-CS) and
agentivity (+/-AG). These sentences formed 32
sets such as the one presented in (2). All sen-
tences were normed for plausibility and natural-
ness and had the same basic syntactic structure,
with a NP+Adv+VP (V+NP). We employed
manner and degree adverbs in an attempt to af-
fect the volition of the NP occupying the canoni-
cal subject position of the sentence. This manipu-
lation was particularly important in conditions
such as 2b ([+CS, -AG]), which could denote an
intentional act on the part of the Causer of the
fright state. Adverbs were also used to further
enforce an agentive reading in conditions such as
2a ([+CS, +AG]), and 2c ([-CS, +AG], as well as
to keep constant structure and length for all sen-
tence types.

)

a. The hunter maliciously Kkilled the bear
(+CS,+AG, lexical causatives)

b. The hunter unintentionally frightened the bear
(+CS, -AG, object-experiencer)

c. The hunter persistently followed the bear
(-CS, +AG, agentive transitive)

d. The hunter barely sensed the bear
(-CS, -AG, subject-experiencer)

Procedure. We employed a self-paced reading
moving window paradigm. Participants were first
presented with a row of dashes on the screen.
Each dash represented a letter in the to-appear
sentence (such as “---
- for sentence (2a)). They were told that each
time they pressed the space bar on the computer
keyboard, a word would appear in place of the
dashes and, as each new word appeared, the pre-
viously presented word would turn back to a set
of dashes.

Results. RTs for each of the three words of the
VP (Verb, Determiner, and Noun) for the four
sentence types (lexical causatives, object-
experiencer, agentive transitive, and subject-
experiencer) constituted the raw data for analys-
es. Figure 1 depicts the reading times at the verb
position for the four conditions. A 2 (verb type:
+CS vs. -CS) x 2 (agency: +AG vs. -AG) x 3
(VP segment: Verb, Det, Noun) repeated-
measures ANOVA showed no effect of verb
type, F1 (1, 37) = .25, p = .62, a marginal effect
of agency, F1 (1, 37) = 3.52, p = .069 and a
significant effect of segment, F1 (2, 74) =
20.73, p < .0001. There was also a significant
interaction between verb type and segment,
F1 (2, 74) = 3.35, p = .041. In order to
understand how different verb types behaved
with regards to different agency manipulations,
we performed planned comparisons between the
four conditions.. For the analysis of [-CS] verbs
(love, follow), there was no effect of agency, F1
(1, 37) = .36, p = .55, while the analysis of [+CS]
verbs (kill, frighten), showed a significant effect
of agency, F1 (1, 37) = 6.17, p = .02. In the anal-
ysis of the two agentive sentence types [+AG], a
repeated-measures ANOVA showed again no
main effect of verb type, F1 (1, 37) = .113, p =
.74, suggesting that [+CS] and [-CS] structures
behave similarly when they are both agentive.
Finally, in the analysis of the two non-canonical
structures, [-AG], the object-experiencer (+CS,
-AG) (frighten) and subject-experiencer (-CS, -
AG) (love), a 2 (verb type: [+CS, -AG] vs. [-CS,
-AG]) x 3 (VP segment) repeated-measures
ANOVA showed no main effect of verb type, F1
(1, 37) = .56, p = .46, but a significant effect of
segment, F1 (2, 74) = 19.55, p < .0001, and a
significant interaction between verb and seg-
ment, F1 (2, 74) = 4.05, p = .014. In pairwise
analyses, we found a significant difference be-



tween the two constructions at the verb position,
t1 (37) = 2.86, p = .007, with [+CS] taking long-
er than [-CS]. There was no difference between
the two [+AG] sentences at the verb locus.' In
sum, Exp. 1 showed an effect of [CS] only for
the [-AG] structures, but not in the [+AG]
structures. This suggests that CS per se does not
account for increased RTs. With respect to non-
canonical AR, results showed that there is an
effect of agency in [+CS] structures which is
only marginal in the [-CS] structures, with [-AG]
structures being more difficult to process. Thus,
the results suggest that atypical AR, in terms of
absence of typical Agent, increases sentence
complexity and yields longer RTs in verbal
position. In contrast, internal structure does not
seem to have an effect in sentence processing.
The current findings seem to be in accordance
with previous studies indicating a thematic
reanalysis in sentence processing, which appears
to have a processing cost, when the processor’s
expectations of a thematic role in a particular
structural position are not met (see Bornkessel
and colleagues). Looking at this outcome in the
bigger picture, the present study has shown how
structural and thematic properties of a verb play
the primary roles in sentence comprehension,
thus reflecting their prominent role in verb repre-
sentation.
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Figure 1: Reading times (in milliseconds) at the
verb position in the four sentence conditions.

! Paired t-tests showed no significant difference be-
tween the mean length of the adverbs used in each
condition ([+CS vs -CS]: p=.20; [+AG vs -AG]: p =
.12) neither between their mean frequency ([+CS vs -
CS]: p=.15; +AG vs -AG]: p = .20). Besides, a post-
hoc analysis on adverb RTs showed no significant
difference among them. Thus, a possible influence of
the adverb length and adverb frequency on the verb
RTs should be ruled out.

4 Exp. 2: Evidence from off-line sen-
tence processing in brain-damaged
populations’

Language impairment studies examining the cor-
respondence between thematic roles and syntac-
tic properties highlight the importance of AR
(e.g.; Pinango, 2006). The notion of canonicity in
verb-argument relations has been reported to in-
fluence sentence processing in aphasic patients
(Caplan & Hildebrandt, 1988), and in dementia
(Kemper, 1997; Kemper et al., 1993; Lyons
et al.,, 1994; Small, Andersen, et al., 1997;
Small, Kemper, et al., 1997; Small et al., 2000).
However, in these studies, canonicity in verb-
argument relations is usually described in terms
of non-canonical thematic role assignment as a
result of syntactic manipulations, such as in pas-
sive sentences. Hence, non-canonical thematic
role assignment and its processing cost cannot be
dissociated from other factors that affect sen-
tence processing, such as syntactic movement.
For this reason, we cannot be certain that the ob-
served difficulties arise exclusively from non-
canonical AR. It could be the case that patients’
difficulties are associated with memory and cog-
nitive resources something that Small et al.
(2000) also point out. In the sentence completion
task described below (Manouilidou et al., 2009)
we examined the question of non-canonical the-
matic role assignment in the performance of
populations suffering from dementia in terms of
verb-specific requirements and not as a side ef-
fect of syntactic manipulations.

Participants. 10 individuals with the diagnosis of
probable Alzheimer’s Disease (pAD) (mean age:
75.8; s.d. 5.99), 11 elderly controls (mean age
87.25; s.d. 2.5) and 49 young controls (age
range: 18-25). The pAD patients’ Mini Mental
State Examination (MMSE; Folstein, Folstein,
and McHugh, 1975) scores ranged from 19 to 27
indicating mild to moderate cognitive impair-
ment. They were all native speakers of English
with a minimum education level of sixth grade.

Materials. Patients were required to complete 72
active and passive written sentences by choosing
the correct verb. Materials were divided into 6

2 This section is based on Manouilidou et al. (2009).
Thematic Hierarchy violations in Alzheimer’s dis-
ease: the case of psychological verbs. Journal of Neu-
rolinguistics Vol. 22, pp.167-186.



conditions, with 12 sentences in each of them:
(1) subject-experiencer verbs (e.g., fear); (2) ob-
ject-experiencer verbs (e.g., frighten); (3) sub-
ject-agent verbs (e.g., kick); and (4), (5) and (6)
were the passive equivalent of (1) (2) and (3),
respectively (e.g., was feared, was frightened and
was killed).

Design and Procedure. Participants were pre-
sented with the sentences with the verb missing
marked by a blank line (e.g., The boy the
thunder). They had to choose the correct verb
from a list of four verbs, which included the tar-
get (e.g., fear) its “thematic” distractor’ (e.g.,
frighten), a syntactically anomalous distractor
(e.g., sleep) and a semantically unrelated distrac-
tor (e.g., cook). Materials were divided into four
blocks. For sentences corresponding to the fear-
frighten minimal pairs, four versions were cre-
ated (e.g., The boy feared the thunderThe thun-
der frightened the boy, The boy was frightened
by the thunder, and The thunder was feared by
the boy), with one version in each block. Active
and passive versions of the agentive verbs com-
plemented the blocks (e.g., the hunter killed the
deer, the deer was killed). Patients and elderly
controls saw all four blocks, with two blocks in
each of the two sessions, one week apart. Sen-
tences were presented on a computer screen and
participants had to choose the correct verb by
pressing a key on the keyboard. Each verb on the
screen lead to a specific key by an arrow to fa-
cilitate the choice by the patients. Testing was
completed in two sessions one week apart.

Results. Percentages of correct responses were
calculated for each condition (Figure 2). A 3
(group: patients vs. elderly controls vs. young
controls) x 3 (voice: active vs. passive) x 2 (sub-
ject thematic role: subject-experiencer, object-
experiencer, subject-agent) repeated-measures
ANOVA? showed that patients’ data differed
significantly from those of the elderly (p<.0001)
and the young controls (p<.0001); also, a main
effect of verb type was obtained (p=.013), but

% In case of agentive verbs, the reverse distractor was
a verb in the same semantic field but with different
thematic roles. For instance, the distractor for kill was
die.

* In all cases, arcsine transformation was employed.
However, since we obtained the same effects as with
raw data, we choose to report the analyses on the un-
transformed data.

not of voice (active vs. passive) (p=.13). Re-
peated measures ANOVAs on the patient data
showed a main effect of verb type (p<.001) and a
tendency for a main effect of voice (p=.067).
Error analysis showed that patients chose the
reverse distractor more times when confronted
with a psych verb than when confronted with an
agent verb. They seldom chose the unrelated dis-
tractors. Thus, for example, when confronted
with a sentence frame such as The thunder___ the
boy patients selected the correct response fright-
ened only 58% of the time—confusing it with
fear the other times. Most interestingly, there
was also a difference between (1) (subject-
experiencer) and (2) (object-experiencer) in the
active voice (p= .02) but no difference between
their passive equivalents (p=.46).

Actives

95 ® Passives

Correct responses (%
N

AD | Elderly| Young

AD | Elderly| Young

Agentive "frighten”

Figure 2: Mean percentage correct responses for
the three groups in all conditions. Error bars in-
dicate standard errors.

In sum, the results of Exp. 2 are consistent with
our predictions, showing that patients had diffi-
culties completing sentences that required non-
canonical argument realization. More important-
ly, the present study allowed us to identify as
source of this difficulty patients’ inability to as-
sign the correct thematic roles to the NPs (pa-
tients did have access to the correct core meaning
of the verb since they almost never chose the
unrelated distractors). We take this result to con-
sist additional evidence for the importance of AR
in accessing verb and consequently, sentence
meaning.

5 Conclusion

The experiments described above come to add to
the body of previous research showing the proc-
essing costs of non-canonical AR and by exten-
sion the general role of AR in sentence process-
ing and verb meaning. Both studies highlight the

AD |Elderly| Young



importance of the [+agentive] feature in verb
representation, which projects a canonical argu-
ment realization, as a decisive factor in thematic
role assignment. The absence of the Agent argu-
ment creates difficulties in thematic role assign-
ment, either resulting in thematic reanalysis, and
thus, increased processing times (Exp. 1), or in
the creation of implausible sentences in neuro-
logically damaged populations (Exp. 2).
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