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Abstract

Two eyetracking experiments examined the real-time production of verb arguments and adjuncts
in healthy and agrammatic aphasic speakers. Verb argument structure has been suggested to play
an important role during grammatical encoding (Bock & Levelt, 1994) and in speech deficits of
agrammatic aphasic speakers (Thompson, 2003). However, little is known about how adjuncts are
processed during sentence production. The present experiments measured eye movements while
speakers were producing sentences with a goal argument (e.g., the mother is applying lotion to the
baby) and a beneficiary adjunct phrase (e.g., the mother is choosing lotion for the baby) using a set
of computer-displayed written words. Results showed that the sentence production system
experiences greater processing cost for producing adjuncts than verb arguments and this
distinction is preserved even after brain-damage. In Experiment 1, healthy young speakers showed
greater gaze durations and gaze shifts for adjuncts as compared to arguments. The same patterns
were found in agrammatic and older speakers in Experiment 2. Interestingly, the three groups of
speakers showed different time courses for encoding adjuncts: young speakers showed greater
processing cost for adjuncts during speech, consistent with incremental production (Kempen &
Hoenkamp, 1987). Older speakers showed this difference both before speech onset and during
speech, while aphasic speakers appeared to preplan adjuncts before speech onset. These findings
suggest that the degree of incrementality may be affected by speakers’ linguistic capacity.
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INTRODUCTION

The goal of a theory of sentence production is to explain how speakers use linguistic
knowledge in the production of utterances (Bock, 1995). It has been suggested that
grammatical encoding of a sentence is mediated by a verb’s argument structure information
(e.g., Bock & Levelt, 1994). Verb argument structure has also been implicated in the speech
deficits of individuals with agrammatic aphasia (Thompson, 2003). However, little is known
about how elements that are not specified by a verb (i.e., adjuncts) are processed in normal
and agrammatic sentence production. The purpose of the present research was to examine

© 2010 Psychology Press, an imprint of the Taylor & Francis Group, an Informa business

Correspondence should be addressed to Jiyeon Lee, Department of Communication Sciences and Disorders, Northwestern University,
2240 N. Campus Drive, Evanston, IL 60208-3540, USA. jiyeonlee@northwestern.edu.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lee and Thompson

Page 2

how and when knowledge of verb arguments and adjuncts is used during real-time sentence
production in healthy and agrammatic speakers, using two “eyetracking while speaking”
experiments. We begin by introducing the sentence production model proposed by Bock and
Levelt (1994).

Processes of sentence production

Producing a sentence involves at least three levels of processing prior to articulation:
message encoding, grammatical encoding, and phonological encoding. First, a speaker
encodes a nonlinguistic message to convey in the form of “who did what to whom”. Next,
the message is transformed into a linguistic structure via grammatical encoding. During
grammatical encoding, lexical entries with syntactic and semantic information (lemmas) are
selected from the speaker’s mental lexicon and their thematic-to-grammatical roles (e.g.,
agent-to-subject) are assigned, generating the syntactic structure of the sentence. Finally, the
sound forms of the selected lemmas are specified during phonological encoding and then
assembled into the linearly ordered structure of the sentence. These phonological
specifications of each word are then fed into the articulatory system.

Two important properties underlie the process of sentence production. First, it’s been
suggested that language production is at least to some extent incremental (Bock & Levelt,
1994; Kempen & Hoenkamp, 1987; Levelt, 1989). Speakers often begin speaking without
planning the whole utterance; rather, they start articulating the first planned part of the
utterance while planning the next part of the utterance. In a staged model of language
production, incremental production implies that earlier levels need not complete their work
on an utterance before the next level begins, resulting in parallel operations between
processes (Bock & Levelt, 1994). For example, grammatical encoding can begin based on a
partially encoded message. Likewise, phonological encoding of the utterance can begin
before whole grammatical encoding is completed. Incremental production has been
suggested as a mechanism that supports fast and fluent speech by making efficient use of
processing resources available for sentence production (Ferreira & Slevc, 2007; Kempen &
Hoenkamp, 1987). By producing the first available part of the utterance, a speaker does not
need to hold linguistic information in the memory buffer, initiating speech faster and
allowing resources to be available for simultaneous planning and speaking during speech.

Another important property of the Bock and Levelt (1994) model is that grammatical
encoding is theorised to be lexically driven: when a lemma is selected, the lemma’s semantic
and syntactic properties are also retrieved, guiding subsequent processes of grammatical
encoding. In this context, a verb lemma plays a significant role because the verb specifies
the number of arguments in an event, their thematic roles (e.g., agent, patient) and the
categorical and positional information of the arguments (subcategorisation frame). Such
information is called the “argument structure” of the verb, and as the lemma of a verb is
accessed, its argument structure information also becomes available to the speaker. For
example, as shown in (1a), in English the transitive verb fix requires two arguments, i.e., an
agent (an initiator of the action) and a theme (an entity that is acted upon). Both arguments
are realised as noun phrases (NPs), one preceeding and one following the verb. On the other
hand, the dative verb put requires three arguments, i.e., an agent NP, a theme NP, and a goal
prepositional phrase (PP, the direction of the action), as shown in (1b):

. John fixed the car.

Agent/NP Theme/NP.
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John put the book on the table.
Agent/NP Theme/NP Goal/PP.

Verb arguments and adjuncts in normal sentence processing

A large body of literature has demonstrated that argument structure information stored with
the verb is made immediately available during sentence processing (e.g., Ahrens, 2003;
Boland, Tanenhaus, & Garnsey, 1990; Boland, Tanenhaus, Garnsey, & Carlson, 1995;
Shapiro, Brookins, Gordon, & Nagel, 1991; Shapiro & Levine, 1990; Shapiro, Nagel, &
Levine, 1993; Shapiro, Zurif, & Grimshaw, 1987). For example, Shapiro et al. (1991),
Shapiro and Levine (1990), Shapiro, Nagel, et al. (1993), and Shapiro et al. (1987), in a
series of cross-modal lexical decision (CMLD) studies, found that normal listeners show
exhaustive activation of a verb’s arguments upon hearing the verb. In these studies,
participants made lexical decisions to visually presented letter strings while they listened to
sentences. When lexical decisions were required in the vicinity of verbs with more complex
argument structure (e.g., dative verbs such as “send”), participants’ reaction times slowed
down more so than when lexical decisions were required after verbs with simpler argument
structures (e.g., transitive verbs such as “fix”), suggesting that upon encountering a verb in
the sentence, the participants automatically activated its arguments (but see Schmauder,
1991, that did not replicate Shapiro and colleagues’ findings, using a set of on-line
measures).

Another line of evidence suggesting the importance of verb argument information during
sentence processing comes from studies which examined comprehension of arguments and
adjunct phrases. Different from arguments, an adjunct phrase is not specified by its head.
Therefore, its thematic information is not assigned by the verb (Grimshaw, 1990).
Structurally, within X-bar theory, arguments are attached inside the verb phrase, while
adjuncts are located outside the verb phrase (Jackendoff, 1977). Because adjuncts are not
specified by a verb, they can occur with any type of verb as in (2), and omitting the adjunct
phrase does not render a sentence ungrammatical.

2 a. John slept in the room.
b. John fixed the table in the room.
c. John put the book on the table in the room.

Whether and how the human parser differentiates arguments from adjuncts during on-line
interpretation of sentences has been one of the central questions in sentence comprehension
research. Many studies with normal listeners have found that the human parser uses verb
argument structure information actively from the moment the verb is encountered,
differentiating arguments from adjuncts (Boland, 2005; Boland & Blodgett, 2006; Kennison,
1999, 2002; Liversedge, Pickering, Branigan, & Van Gompel, 1998; Schiitze & Gibson,
1999; and others). In English sentences, in which a verb often precedes objects and other
words, individuals use the verb information to anticipate upcoming structure, even before
the sentence is completed. That is, accessing a verb activates the argument information
stored with the verb, allowing the parser to predict how many arguments should follow
(Boland, 2005). In self-paced reading studies, this distinction results in shorter reading times
for argument phrases, as compared to adjunct phrases (e.g., Clifton, Speer, & Abney, 1991;
Kennison, 1999; Liversedge et al., 1998; Schiitze & Gibson, 1999). Eyetracking studies
similarly show longer fixation times to adjunct phrases than to argument phrases during both
the initial reading pass and the second reading pass, suggesting that the verb information is
used from the earliest stage of sentence parsing (e.g., Boland & Blodgett, 2006; Kennison,
1999, 2002). Compared to comprehension research, however, how the human sentence
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production system processes adjuncts, as compared to arguments, has received little
attention. It remains an open question whether or not the production system differentiates
adjuncts from verb arguments and, if so, how the difference is realised during sentence
production.

Arguments and adjuncts in agrammatism

Verbs and their arguments have significant ramifications for language deficits in agrammatic
aphasic speakers. Patients with agrammatic aphasia, which are often seen in the context of
Broca’s aphasia, show greater impairment in producing verbs and sentences with more
complex argument structure (e.g., De Bleser & Kauchke, 2003 in German; Kim &
Thompson, 2000; Luzzatti et al., 2002 in Italian; Thompson, 2003; Thompson, Dickey, Cho,
Lee, & Griffin, 2007 in English; Thompson, Lange, Sheneider, & Shapiro, 1997; and
others). For example, Kim and Thompson (2000) found that a group of English-speaking
agrammatic patients showed greater impairments in naming verbs with three arguments
(dative verbs) as compared to verbs with two arguments (transitive verbs) when other
relevant variables such as frequency and length were controlled. A similar deficit was
observed in sentence production: agrammatic speakers show greater difficulty producing
sentences with more arguments as compared to those with fewer arguments (Thompson et
al., 1997).

Although these deficits have been attributed to impairments at the level of grammatical
encoding, their nature remains unclear and some findings suggest that the lexical
representation of verb argument structure may be preserved in agrammatism (Bastiaanse &
van Zonneveld, 2004; Kim & Thompson, 2000; Shapiro, Gordon, Hack, & Killackey, 1993;
Shapiro & Levine, 1990). Such patients show little difficulty comprehending verbs with
different types of argument structure (Bastiaanse & van Zonneveld, 2004; Kim &
Thompson, 2000). In addition, they show normal activation of verb arguments in CMLD
studies (Shapiro, Gordon, et al., 1993; Shapiro & Levine, 1990): they automatically activate
the argument structure of verbs as do hormal speakers. However, it is unclear if their ability
to use the lexical representation of verbs during sentence production is also preserved.

Only a few studies have examined the production of arguments and adjuncts in
neurologically impaired speakers, and some findings suggest that arguments are better
preserved than adjuncts. Canseco-Gonzalez, Shapiro, Zurif, and Baker (1990) trained a
severe Broca’s aphasic patient in an artificial language. The patient had significantly more
difficulty learning symbols that depicted “verbs” embedded in “sentences” where the third
referent was an adjunct rather than an argument. In another study, Shapiro, McNamara,
Zurif, Lanzoni, and Cermak (1992) reported that a group of amnesic patients showed greater
difficulty repeating sentences with adjuncts than those with arguments only. On the other
hand, Byng and Black (1989) found that three fluent and three nonfluent aphasic patients
produced adjunct phrases such as locatives and temporal adjuncts successfully even when
they failed to produce necessary arguments in a story-telling context.

The present study

The goal of the present research was to examine real-time production of verb arguments and
adjuncts in healthy and agrammatic aphasic speakers in sentences. Experiment 1 examined if
and how the normal sentence production system processes adjuncts differently from verb
arguments by testing a group of healthy young speakers. Two questions were addressed
within the framework of the lexically driven incremental production model (Bock & Levelt,
1994): does producing an adjunct involve greater processing costs than producing verb
arguments, as shown in comprehension studies? And if the language production system
differentiates adjuncts from arguments, at which point during sentence production will
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greater processing cost show up? In other words, do speakers plan adjuncts incrementally
(Ferreira, 2000) or do they plan adjuncts before speech begins?

Experiment 2 examined the real-time production of verb arguments and adjuncts in
agrammatic aphasic patients and age-matched older control speakers. We asked whether or
not agrammatic speakers experience greater difficulty for adjuncts than for arguments in a
constrained sentence production task, and if so, at which point during sentence production
do agrammatic speakers show increased difficulty for adjuncts. Given that incremental
production is driven by efficiency of speech production, it is possible that aphasic and older
speakers use different planning strategies as compared to young speakers. Both experiments
were approved by the Institutional Review Board at Northwestern University.

We used an “eyetracking while speaking” paradigm in both experiments. Monitoring eye
movements during speech has proven to provide temporal indices for utterance planning
(see Meyer, 2004, for review). Studies examining production of multiple objects in a fixed
order (e.g., the clock and the chair) have found that the coordination between gaze and
speech is very regular: speakers look at each object in the order of mention and just once
before naming them (Griffin, 2001; Meyer, Sleiderink, & Levelt, 1998; van der Meulen,
2003). During this “name-related gaze”, speakers lexically encode each object, retrieving its
lemma and phonological form (e.g., Griffin, 2001; Meyer et al., 1998; Meyer & van der
Meulen, 2000). This lexical encoding occurs highly incrementally, that is, at the articulation
onset of the first noun, speakers usually gaze at the second object.

On the other hand, when speakers produce utterances without a predefined structure, they
show early inspection of the visual scene (apprehension phase) preceding sentence
formulation and execution. Studies suggest that by apprehending the scene, speakers extract
a coarse understanding of the event, building some “rudiments” of the utterance to be
produced (Bock, Irwin, & Davidson, 2003; Griffin & Bock, 2000; van der Meulen, 2003);
however, the exact nature of processes that occur during the apprehension phase is unclear.
Then incremental sentence formulation and articulation follow: speakers look at each object
in the order of mention right before articulating them to prepare the object’s name, even
after scanning the objects during early inspection. In addition, Griffin and Mouzon (2004)
report that speakers tend to decide the structure of their utterance as they speak. They found
that when speakers have difficulty deciding the order of arguments (theme and goal), they
show increased gaze shifts between the two objects in a picture description task, but these
increased shifts appeared during speech rather than during the apprehension stage.

Recently, eyetracking methodology has been used to examine both sentence comprehension
and production in aphasic patients and has proved to be a suitable methodology, which does
not involve a secondary task such as a lexical decision (see Thompson & Choy, 2009, for
comprehension; Thompson et al., 2007, for production). Based on previous studies, it was
reasoned that monitoring eye movements during production of arguments and adjuncts
would reveal differential processing routines and costs associated with them in both normal
and aphasic speakers.

METHODS

Experiment 1

Experiment 1 examined on-line production of argument and adjunct phrases in healthy
young speakers by tracking participants’ eye movements as they produced simple active
sentences. Based on Bock and Levelt (1994) as well as the aforementioned results of
comprehension studies, we predicted that adjuncts would engender greater processing costs
than verb arguments during sentence production. In addition, it was predicted that if
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speakers produce utterances incrementally, evidence of increased processing cost associated
with adjuncts would be seen during, rather than before, speech onset.

Participants—Thirteen undergraduate students at Northwestern University (eight females,
five males; age range from 19 to 22 years old) participated in the study for partial course
credit. All were native monolingual speakers of English and had normal or corrected-to-
normal vision and reported normal hearing. None reported any history of psychiatric,
developmental speech-language, or neurological disorders. The participants provided
informed consent prior to the experiment.

Linguistic stimuli—Ten nonalternating dative verbs (e.g., donate) and 10 transitive verbs
(e.g., choose) were selected for use in the argument and adjunct conditions, respectively.
The dative verbs were selected from Ferreira (1996) and Levine (1993). The transitive verbs
were selected from Boland (2005), Levine (1993), and Thompson et al. (2007). All verbs
were equated in terms of log frequency per million, i.e., 1.74 vs. 1.84 for dative and
transitive verbs, respectively; t(18) = 1.17, p = .25 (CELEX, Baayen, Pieenbrock, & van Rij,
1993). However, we could not match for length, because nonalternating dative verbs are
often longer (e.g., donate) than transitive verbs (e.g., fix) in English (i.e., mean number of
syllables 2.2 vs. 1.5 for the dative vs. the transitive verbs, respectively); t(18) = 2.69, p <.
05. We included only nonalternating dative verbs to constrain participants to produce
prepositional objective structures in the argument condition. Alternating dative verbs (e.g.,
give) allow both a prepositional dative (i.e., the man is giving an apple to the woman) and a
double object structure (i.e., the man is giving the woman an apple). Previous eyetracking
studies show that speakers gaze at objects in the order of mentioning them (e.g., Griffin &
Mouzon, 2004). Thus, we excluded alternating verbs to eliminate any confounding effects in
eye movement data analysis. While all verbs were regular verbs in the argument condition,
two out of 10 verbs (hold, choose) were irregular in the adjunct condition. Each verb was
repeated twice, resulting in a total of 20 items each for the argument and adjunct conditions.
A complete list of verbs used is provided in Appendix A.

A set of 60 nouns, 40 animate, and 20 inanimate, was also prepared and combined with the
verbs to make 40 NP V NP PP structures, 20 for each condition as shown in (2) (see
Appendix B for the list of target sentences).

2 a. The mother is applying the lotion to the baby. (Argument condition).
b. The mother is choosing the lotion for the baby. (Adjunct condition).

For each sentence, two animate and one inanimate noun were used (e.g., mother, lotion,
baby). The role relationship between the two animate nouns was constrained, so that only
one noun (e.g., mother) was more likely the agent of the action (e.g., applying the lotion)
compared to the other (e.g., baby). The same nouns were used for the two conditions,
making the same third noun (N3) (e.g., baby) a goal argument when the verb was a dative
verb in the argument condition (2a) and a beneficiary adjunct when the verb was transitive
in the adjunct condition (2b). By using the same nouns in the two conditions, we excluded
any influence from factors that have been known to affect object naming difficulty, such as
frequency, length, and name agreement. These factors affect not only naming latencies of
objects, but also gaze durations in object naming tasks (Griffin, 2001; Meyer et al., 1998)
and in word reading tasks (Rayner & Sereno, 1994).

The mean frequency of the nouns was matched across participant roles, i.e., agent (mean =
1.60), theme (mean = 1.56), and N3 (mean = 1.58), F(2, 57) = 0.16, p > .10, one-way
ANOVA. The mean length of the nouns (number of syllables) was also equated across
participant roles, i.e., agent (mean = 1.85), theme (mean = 1.85), and N3 (mean = 1.85), F(2,
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57) = 0.00, p = 1.00, one-way ANOVA. Nouns that can be either a noun or a verb (e.g.,
cook) and ones that have more than one meaning (e.g., fan) were excluded, as these factors
could affect word-retrieval difficulty.

To prevent participants from strategic use of one sentence structure, 20 intransitive filler
sentences were prepared (e.g., the little mouse is jumping). Word stimuli used in the filler
condition did not overlap with any of the words used in the two experimental conditions.

Visual stimuli—Sixty visual panels were created using the written word stimuli. On the
left side of the panel, the verb was written, whereas on the right side, three nouns were
displayed. A set of sample stimulus panels is provided in Figure 1. The verbs were presented
in the present progressive form (e.g., is applying) to provide consistency across Experiments
1 and 2 and to reduce aphasic speakers’ verb inflection difficulty in Experiment 2. In
addition, using the progressive form eliminated any possible linguistic and processing
differences between regular and irregular verbs. The nouns and verbs were displayed in 32-
font letter size. The positions of the three nouns were varied from trial to trial to avoid any
visual bias due to repeated position. For filler items, instead of three nouns, one noun and
one adjective were written on the right side of the panel.

While most previous eyetracking studies in sentence production have used picture stimuli,
written stimuli were used in the present study in order to eliminate any differences in
imageability between the conditions, given that a beneficiary adjunct can be more difficult
to portray than a goal argument. Prior to the experiment, the stimulus panels were normed
by a group of undergraduate students at Northwestern University (n = 7) for their reliability
to elicit the target structures. The panels elicited at least 80% production of target structures
(i.e., the form of NP V NP PP for experimental items and the form of adjective noun verb
for filler items). The stimulus panels were divided into two experimental sets, with 30 items
in each set (i.e., 10 argument, 10 adjunct, and 10 filler items). The order of item presentation
was randomised within each set. The order of the sets presented to the participants was also
counterbalanced across participants.

Apparatus—Two computers were used for the experiment. The stimuli were presented on
a 15-inch Macintosh computer, using Superlab 2.0 (Cedrus), and a Dell computer was used
for recording eye and speech data. For recording of participants’ eye movements, a remote
video-based pupil and corneal reflection system, Applied Science Laboratories model 504
remote eye-tracking camera was used. The remote camera was placed in front of the
stimulus presentation computer and controlled by Eye-link system software. This system
interconnected the two computers used for stimulus display and eye data recording. The
remote camera sampled eye positions at the temporal resolution of 6 ms into saccades,
fixations, and blinks. A fixation was defined by a speaker’s fixating one position for 100 ms,
thus consisting of 16.6 consecutive samples.

Procedures—After obtaining informed consent, participants were seated in front of the
stimulus display computer monitor, located approximately 24 inches from participants’ eyes.
For head stabilisation, participants rested their chins on a University of Huston College of
Optometry chinrest during the experiment. The position and height of the chinrest were
adjusted for each participant, and cotton pads were placed beneath their chin to reduce any
discomfort. None of the participants reported discomfort or interference with speaking from
using the chinrest.

The eyetracking system was calibrated to each participant’s eyes at the beginning of the
experimental session. The participants were first asked to click an image of a gopher, which
popped out of nine different holes on the screen. Each calibration point was saved.
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Participants were then asked to look at one of nine numbers on the monitor as directed by an
experimenter to ensure and adjust the saved calibration points. Additional calibrations were
done following every 15 trials during the experiment.

After initial calibration, task instructions were presented over a loudspeaker. The
instructions were recorded by a female native speaker of English. The participants were
asked to make a sentence “using the verb and all the nouns presented on the screen”. Prior to
each trial, participants also heard the target verb via instruction (e.g., “The next verb is
apply. Make a sentence using “is applying”’). Each trial began with a blank white screen,
which appeared for 1500 ms. This was replaced by a black fixation cross which appeared on
the screen for 200 ms. A beep lasting 100 ms followed. At the onset of the beep, the fixation
cross was replaced with the stimulus panel. Participants proceeded through the trials at their
own pace by clicking a mouse or pressing the spacebar on the keyboard to advance to the
next trial. They were told to rest when needed between trials.

A set of six practice trials preceded the experiment, including two items each for the
argument, the adjunct, and the filler conditions. During both practice and experimental tasks,
no feedback on the structure of sentences was provided. While participants were doing the
task, their speech was recorded through a microphone placed in front of the participant using
Praat software, and their eye movements were recorded. The recording of speech and eye
data was controlled by the experimenter. The entire experimental session, from obtaining
consent to completing the eyetracking task, lasted approximately 40 minutes.

Data analysis

Scoring: A total of 520 trials (40 trials x 13 participants) were scored and analysed. The
participants’ recorded speech was transcribed by the experimenter verbatim, including all
self-corrections and interjections (e.g., “uh”, I guess”) and were checked for reliability by
two reliability scorers who were blind to the purpose of the study.

The following sentences were scored as “correct (target)” responses: grammatical sentences
which included all the nouns and the verb provided in the correct NP VV NP PP order,
disfluencies, and self-corrections within a word (e.g., the nanny is boil, boiling the milk for
the toddler) and addition of NP modifiers (e.g., a bottle of wine instead of the wine).

Incorrect (nontarget) responses included role reversal errors (e.g., the president is moving
the computer for the clerk for the clerk is moving the computer for the president), production
of a possessive NP (e.g., the man is moving the president’s computer), use of a conjoined
NP (e.g., the president and the man are moving the computer), and use of an embedded
sentence (e.g., The president is asking the man to move his computer).

Speech data: Speech onsets of each content word were measured using NU aligner software
(Chun, unpublished, NU Linguistics Labs, Northwestern University, Evanston, 1L, USA.).
These served as onset times for syntactic constituents (NP, VP, or PP), in line with other
eyetracking studies of production (Griffin & Bock, 2000; Thompson et al., 2007). Within-
word self-corrections and disfluencies were measured from the onset of the first-attempted
content word. For example, in the case of “boil, boiling”, the onset of the verb (V) was
measured from the onset of the first “boil”. For both argument and adjunct conditions, four
constituents were measured, i.e., the subject noun (N1, agent), the verb (V), the object noun
(N2, theme), and the indirect object noun or an adjunct noun (N3), as exemplified in (3).
The N3 was the critical constituent in this study, as it served as a goal argument in the
argument condition, but as a beneficiary adjunct in the adjunct condition. All the onset times
measured by NU aligner were hand-checked for reliability by the experimenter and two
additional persons:
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(3) a.  The mother is applying the lotion to the baby. (argument condition).
N1 v N2 N3.

D.  The mother is choosing the lotion for the baby. (adjunct condition).
N1 v N2 N3.

Eye movement data: Eye movement data were computed using Eyenal 6.0 analysis
software. Eye movements were recorded continuously throughout the experiment, but only
fixations which occurred between the start and end of a trial were analysed. The start of each
trial was marked by the onset of the picture stimulus, and the end of the trial was marked by
the participant’s clicking on the mouse to advance to the next trial. To define areas of
interests for the analysis of eye movement data, four squares were drawn surrounding the
position of each word (agent, verb, theme, and N3), with approximately two degrees of
visual angle. Fixations which fell inside those boxes were counted as fixations to the word
covered by the box.

A participant had to fixate on the same position on the screen for 100 ms for it to count as a
fixation. Temporally adjacent fixations in the same area of interest (i.e., on the same word),
before the eye moved outside of the square were summed to compute a gaze. The onset and
duration of these gazes were then aligned with the five speech regions, including “pre-N1”,
“N1-V”, “V=N2”, “N2-N3”, and “N3-post” regions. The speech region “pre-N1" included
the time between stimulus onset and articulation of the first noun. The region “N1-V”
included the time after the articulation onset of N1 until the onset of the verb. The region
“V-N2" included the time between the onset of the verb and the onset of N2. The region
“N2-N3” included the time between the onset of N2 and the onset of N3. Following
previous eyetracking studies in production, we assumed that eye movements during these
speech regions would reveal on-line processes for message encoding, grammatical, and
lexical encoding. Additionally, unlike previous studies, we included the region “N3-post”,
which reflects the time from the onset of N3 to the end of the trial. Given that the critical
word N3 appeared at the end of the target sentences, we reasoned that any increased end-of-
speech processing cost related to adjuncts (e.g., self-monitoring of the constructed utterance)
might appear in the eye movements during this region.

Once the gazes were aligned with respect to the speech regions, gaze durations to each word
and gaze shifts between words within each speech region were computed. The number of
gaze shifts was measured by counting the instances of a speaker shifting his or her gaze
from one word to another word (e.g., from the verb to N3) and vice versa (e.g., from N3 to
verb). Two eye movement measures were of our interest; i.e., gaze durations to N3 and the
number of gaze shifts between the verb and N3. We measured gaze durations to N3 based on
previous findings of comprehension studies, in which readers showed longer looking time to
adjunct phrases as compared to argument phrases even when the same lexical items were
used. It was reasoned that if the adjunct N3 indeed requires increased processing cost,
speakers would show increased looking time to the adjunct as compared to argument N3.
The number of gaze shifts between the verb and N3 was chosen because we specifically
manipulated the relation between N3 and the verb between the two conditions. If adjuncts
are more difficult to produce due to their weaker association with the verb as compared to
arguments, as lexically mediated language production models predict, the difficulty should
be reflected in increased gaze shifts between the N3 and the verb.

Results—Here we report the data for production accuracy, speech onset latency, and eye

movement measures. All statistical analyses were done based on both participant and item
means.
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Production accuracy: The young participants produced target sentences equally well in
both argument and adjunct conditions. The mean proportion of target sentences was 90%
(SD = 4%) and 85% (SD = 4%) for the argument and adjunct conditions, respectively, t1(12)
=1.11; t5(19) = 0.88, ps > .10. The errors mainly consisted of grammatically acceptable
nontarget sentences, such as sentences with an embedded clause (e.g., the nanny is boiling
milk to give to the toddler for the target the nanny is boiling milk for the toddler) or a
possessive object NP (e.g., the nanny is boiling the toddler’s milk).

Speech onset data: Analysis of the speech onset latency (the time from the onset of
stimulus to the onset of N1) did not reveal any significant differences between conditions.
The young participants spent only numerically longer times before they started talking in the
adjunct condition (M = 2235 ms, SE = 61 ms) as compared to the argument condition (M =
2,172 ms, SE =51 ms), t1(12) = 0.96; t»(19) = 0.74, ps > .10. We also compared the onset of
N3 between the conditions, i.e., the time the participants spent to begin articulating N3 after
the onset of N2. The participants spent only numerically longer times producing the adjunct
N3 (M = 845 ms, SE = 30 ms) as compared to the argument N3 (M = 783 ms, SE = 35 ms),
t1(12) = 1.32; t5(19) = 0.85, ps > .10.

Eye movement data: In general, after early inspection of the stimulus panel, participants
gazed at each word in the order of mentioning them, prior to articulating each word in both
the argument and adjunct conditions. Figure 2 shows the mean gaze durations (in ms) to N3
for each condition, by each speech region. Although participants in general showed longer
gaze durations to adjunct N3s as compared to argument N3s, the difference was most
noticeable during the N3-post region. The young participants showed longer gaze durations
to N3 when it was an adjunct (M = 436 ms, SE = 28 ms) as compared to when it was an
argument (M = 340 ms, SE = 25 ms) during this region. A set of paired t tests revealed that
this difference was significant by items and approached significance by participants in the
N3-post region, t1(12) = 2.12, p = .05; t5(19) = 2.12, p < .05. Gaze durations to arguments
vs. adjuncts were not significantly different in any other speech regions, all ps > .10.

Figure 3 shows the mean number of gaze shifts between the verb and N3 by each speech
region for each condition. A series of paired t tests were conducted for each region. The
participants shifted their gazes between the verb and N3 more frequently in the adjunct
condition than in the argument condition before articulating the verb, i.e., in the N1 =V
region, t1(12) = 2.07, p = .05; t5(19) = 2.14, p < .05. Also, the difference was reliable by
items during the N3-post region, t1(12) = 1.47, p > .06; t5(19) = 2.50, p < .05. However,
there was no reliable difference between the argument and adjunct conditions in the other
speech regions, ps > .10.

Because we did not counterbalance the number of positions in which each word appeared
between the argument and adjunct conditions, we tested if any of these differences were
attributable to the interaction between the position of the nouns and verb type. For each of
the two eye movement measures, participant-means were computed for the items which
appeared at the top, left-bottom, and right-bottom positions of the panels, respectively. Then,
these values were entered into 2 (condition) x 3 (position) mixed ANOVAs. This procedure
was repeated for each of the speech regions in which significant differences were found. For
both gaze durations to N3 and the gaze shifts between the verb and N3, we did not find any
significant interaction between the position of the nouns and the conditions for any of the
regions reported above, all Fs < 2.0, ps > .10.

We also compared gaze durations to the other words, including N1, V, and N2 as well as
gaze shifts between other words (V-N1, V-N2, N1-N3, N2-N3, all three nouns, and all four
words). None of these comparisons revealed significant differences between the argument
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and adjunct conditions, all ps > .06, paired t tests. Notably, although the dative verbs in the
argument condition were longer (2.2 syllables) than the transitive verbs in the adjunct
condition (1.5 syllables), participants’ gaze durations to the verb were not reliably different.

Summary—Experiment 1 examined if and how the normal language production system
differentiates adjuncts from verb arguments. Two questions were asked: does producing
adjuncts require increased processing cost than producing arguments, as shown in
comprehension studies? If so, when do speakers most actively process adjuncts? With regard
to the first question, our young participants did not show any noticeable differences between
the argument and adjunct conditions in the production accuracy, speech onset latency, and
time to produce N3. This is not surprising, given that the target sentence structures were
relatively simple and the same lexical items were used between the conditions, except for
the use of different verbs. However, the participants’ eye movement data showed differential
processing costs associated with adjuncts as compared to arguments. Although the same
nouns were used in both conditions, when the verb required N3 to be an adjunct rather than
an argument, the participants showed increased gaze durations to N3 (Figure 2) and more
frequent gaze shifts between the verb and N3 (Figure 3).

Concerning the time course of adjunct production, our young participants’ eye movement
data suggest that adjuncts are processed most actively during speech in that all meaningful
differences between arguments and adjuncts appeared during speech, rather than before
speech onset. The increased gaze duration for adjunct N3s reached significance during the
N3-post region (Figure 2). Participants also looked between the verb and N3 more
frequently prior to the production of the verb and during the N3-post region in the adjunct
condition than in the argument condition (Figure 3). Even though our task encouraged
speakers to use the verb information to decide which noun to use as a subject before speech
onset, the fact that differences reached significance only during speech suggests that young
participants planned the sentences incrementally. Based on the findings from Experiment 1,
we examined if this distinction between argument and adjunct production would also be
found in agrammatic and age-matched control speakers in Experiment 2.

Experiment 2

The purpose of Experiment 2 was to examine both off-line and on-line production of
adjuncts and arguments in agrammatic aphasic speakers and age-matched controls. We
asked whether agrammatic aphasic and age-matched speakers would show greater difficulty
producing adjuncts than arguments. Based on previous evidence showing intact
representation of verb argument information in patients with agrammatic aphasia as well as
the findings from our young normal speakers in Experiment 1, we predicted that both
participant groups would show greater difficulty with adjuncts than arguments. In addition,
we asked whether the time course of adjunct production in agrammatic speakers is different
from normal speakers. If aphasic and age-matched speakers encode adjuncts incrementally,
the greater processing cost for adjuncts would appear during speech as in young participants
from Experiment 1. The same experimental design was used, as in Experiment 1, with some
procedural modifications necessary for studying aphasic participants.

Participants—Nine individuals with nonfluent agrammatic aphasia and 13 age-matched
controls participated in this experiment. The aphasic participants (one female, eight males;
mean age (SD) = 54 (11), ranged from 35 to 56 years old; mean years of education (SD) =
16 (2.7), ranged from 12 to 21 years; postonset of stroke: 0.5-16 years) were recruited from
the Aphasia and Neurolinguistics Research Laboratory at Northwestern University. All
patients were monolingual speakers of English, except for one participant, A2, who was a
bilingual speaker of Spanish and English. Although A2’s first language was Spanish, he
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began using English as his primary language at the age of four and preserved a greater
competency in English than in Spanish poststroke. All suffered a left hemisphere stroke,
without a history of language disorders or neurological disorders prior to their stroke. Age-
matched English-speaking control participants were recruited from the Chicago community
(two females, seven males; mean age (SD) = 60 (7), ranged from 48 to 73 years old; mean
years of education (SD) = 15 (2.5), ranged from 12 to 20 years). They were matched with
the aphasic participants in terms of their age and education level, t(20) = 1.56, p > .10 for
age; t(20) = 1.03, p > .10 for years of education. None of the control participants reported
history of language, learning, or neurological disorders prior to the participation in the
experiment. Both aphasic and control participants showed normal or corrected-to-normal
vision and hearing. From all participants, informed consent was obtained prior to the
experiment.

The diagnosis of agrammatic aphasia was made based on performance on the western
aphasia battery (Kertesz, 1982), the Northwestern Assessment of Verbs and Sentences
(NAVS, Thompson, experimental version, Northwestern University, Evanston, IL, USA.),
and neurolinguists’ judgement of spontaneous speech and narrative speech samples
(Cinderella story). The aphasic participants’ language testing data are provided in Table 1.
WAB aphasia quotients (AQs) ranged from 69.2 to 82.4. The NAVS results showed
preserved verb comprehension, while verb production was compromised. At the sentence
level, the participants’ argument structure production was reduced, showing more difficulty
with sentences containing verbs with complex argument structure (i.e., three argument
(dative) verbs) relative to sentences containing verbs with simpler argument structure (i.e.,
one (intransitive) and two argument (transitive) verbs). In addition, the patients were able to
read single words. Their spontaneous speech was marked by reduced syntactic complexity
and impaired production of grammatical morphology.

Stimuli—The same sets of linguistic and visual stimuli from Experiment 1 were used.

Apparatus—The same apparatus was used as in Experiment 1, except that a 17-inch Dell
computer and Superlab 4.0 (Cedrus) were used for presentation of the stimuli.

Procedures

Familiarisation of nouns and verbs: Prior to the experimental task, the aphasic participants
were familiarised with the nouns and verbs off-line to ensure that their comprehension of the
words and ability to read them aloud were intact. For familiarisation of the verbs, a written-
word-to-picture-matching task was used. The patient was presented with three different
action pictures, with a target verb written at the bottom of the page. The patient was first
asked to read the verb aloud and then point to the picture which described the action. Forty
action pictures were collected from the internet (www.clipart.com) and the database of the
Northwestern Aphasia and Neurolinguistics Research Laboratory. All action pictures for
both transitive and dative verbs included only an agent and a theme in order to minimise
visual bias between the two verb types, except for the four dative verbs which could not be
portrayed without a goal (suggest, deliver, donate, and submit). In addition, the agents and
themes (and goals) in the familiarisation pictures (e.g., a man selecting cookies) differed
from the nouns paired with the target verbs in experimental trials (e.g., the teacher is
selecting a novel for the student).

For the noun stimuli, an auditory-to-written word matching task was used. The patient was
presented with three written nouns at a time; the experimenter read aloud one of the words
and the patient was asked to point to and read aloud the matching word. To prevent any
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repetition effects, the words were grouped differently from the way they were grouped in the
experimental task and the order of presentation was randomised across patients.

For both the noun and verb familiarisation tasks, aphasic patients’ performance was scored
for both comprehension (pointing to a target picture or word) and reading ability (whether
the patient could read the word aloud). If the patient read 75% of the phonemes of the words
correctly, it was scored as correct. When the patients were incorrect, they were provided
with feedback. The patients showed a mean of 99% correct for reading verbs and 96% for
comprehension of verbs. Mean scores for the nouns were 100% for both comprehension and
reading.

Eyetracking task: Both aphasic and age-matched control participants underwent the same
procedures as young participants in Experiment 1. The only difference was that aphasic
participants were provided with three offline practice items prior to the eyetracking session,
to ensure that they understood the task. The entire experimental session, from obtaining
consent to completing the eyetracking task, lasted approximately 40 minutes for the control
participants and 90 minutes for the aphasic participants.

Data Analysis—For the age-matched and aphasic data sets, a total of 10 trials were
discarded from each, due to experimental errors. This resulted in a loss of 1.9% and 2.7% of
the data, respectively, making a total of 510 analysable trials for the age-matched and 350
trials for the aphasic participants.

Scoring: The same scoring procedures used in Experiment 1 were used in Experiment 2.
When the participant made more than one attempt, only the first attempt was scored and
analysed. If the speaker produced at least a subject NP and a verb, the utterance was
considered as an attempt. For aphasic participants, substitution of incorrect prepositions
(e.g., the mother is applying lotion of the baby) was accepted because the purpose of the
study was not to examine morphology. In addition, if 50% of the phonemes in the target
word were produced correctly, the response was coded as correct. Also, the patients
sometimes substituted experimental nouns with semantically related nouns (e.g., infant for
child). These semantic paraphasias were scored as “incorrect”, given that written stimuli
were used in the experiment. Other responses such as sentences begun with a theme,
unintelligible responses, and “I don’t know” responses were all considered incorrect.

Speech data: Once the responses were coded, onsets of each noun and verb were measured
using NU aligner software (Chun, unpublished), and reliability was checked as described in
Experiment 1. All age-matched control participants’ speech data were measured this way.
For the aphasic group, six patients’ data were measured using the software; however, three
patients’ data were hand-timed because of their frequent production of interjections, self-
corrections, and phonological errors.

Eye movement data: The same methods of eye data analyses from Experiment 1 were used.

Results

Production accuracy: Figure 4 shows production accuracies for both aphasic and age-
matched speakers. A set of 2 (group) x 2 (condition) mixed ANOVAs was conducted. There
was a main effect of group, suggesting aphasic participants in general produced fewer
correct responses than age-matched controls, F1(1, 20) = 6.77, p <.05; F»(1, 38) =21.85, p
<.001. Posthoc t tests indicated that this group difference was significant both by
participants and items in the argument condition, t1(20) = 2.68, p <.05; t, (38) = 30.87,p <.
001, but only by items in the adjunct condition, t1(20) = 16. 90, p = .07; t5(38) = 30.87,p <.

Lang Cogn Process. Author manuscript; available in PMC 2012 February 6.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Lee and Thompson

Page 14

001. However, crucially, there was no main effect of condition: both groups of speakers
produced similar proportions of target sentences between the conditions, F1(1, 20) = 0.14,
F»(1, 38) = 1.10, ps > .10. Aphasic participants produced 63% correct responses in both
conditions. Age-matched controls produced 85% vs. 75% correct responses in the argument
and adjunct conditions, respectively. Furthermore, the interaction between group and
condition was not reliable, F1(1, 20) = 0.04, F»(1, 38) = 0.32, ps > .10.

Error analysis: Table 2 summarises error types produced by aphasic participants. There
was no noticeable difference in error types between the argument and adjunct conditions. In
both conditions, aphasic participants produced a variety of errors, including sentences with
missing word(s) and word order errors. Sentences with missing words included those in
which the N2 (theme) were omitted (e.g., the mother is choosing/applying the baby),
sentences with omitted N3 (e.g., the mother is choosing/applying lotion) and sentences
where both N2 and N3 were omitted (e.g., the mother is choosing). For most of the word
omission errors, aphasic participants made self-corrections or additional attempts. Another
noticeable error type was word order errors. Aphasic participants switched the order of N2
(theme) and N3 (e.g., the mother is choosing/applying the baby of the lotion) in both the
adjunct and argument conditions. They also produced sentences with reversed N1 (agent)
and N3 such as “the baby is choosing the lotion for the mother”, for “the mother is choosing
the lotion for the baby”. It should be noted again that some of these word order errors did
not necessarily result in “unacceptable” sentences in English. Rather, they were considered
“non-target” structures in our study for the purpose of eye data analysis. Other errors
included sentences with semantic and severe phonological errors, sentences with multiple
different errors, and “I don’t know” responses.

Unlike aphasic participants, the age-matched control participants’ errors were mainly
nontarget but grammatical structures, similar to those produced by the young participants in
Experiment 1. They included sentences with embedded clauses (e.g., the nanny is boiling
milk to give it to the toddler), possessive NPs (e.g., the mother is choosing the baby’s lotion,
mainly for the adjunct condition), and others. Due to the range of error types in aphasic and
age-matched controls as well as due to difficulty mapping eye movements to speech regions
for erred responses, we did not analyse the on-line data for incorrect responses. Therefore,
speech onset latencies and eye movement data presented below are based on correct
responses only.

Speech onset data: Figure 5 shows the speech onset latency data for both age-matched and
aphasic participants. A set of 2 (group) x 2 (condition) mixed ANOVASs revealed a main
effect of group, F1(1, 20) = 21.07; F»(1, 38) = 127.64, ps < .001. Aphasic speakers showed
significantly longer, speech onset latencies than age-matched controls in both the argument,
t1(20) = 4.02, p < .01; t5(38) = 9.13, p <.001, and adjunct conditions, t1(20) = 5.54; t5(38) =
7.20, ps < .001. However, neither group showed a condition effect: both groups spent
numerically longer time to start talking in the adjunct condition compared to the argument
condition, F1(1, 20) = 2.62; F»(1, 38) = 1.51, ps > .10. Age-matched controls showed means
of and 2,792 (SE = 74) and 2,716 (SE = 78) ms for the adjunct and argument condition,
respectively. The means for the aphasic participants were 8,028 (SE = 730) and 7,715 (SE =
463) ms for the argument and adjunct condition, respectively. The interaction between the
condition and group was not significant, F1(1, 20) = 2.57, F»(1, 38) = 1.08, ps > .10.

In addition, the speech onset times of N3 after N2 were measured. A set of 2 (condition) x 2
(group) ANOVA:s indicated a main effect of group, F1(1, 20) = 52.38, F»(1, 38) = 436.32, ps
<.001, indicating that aphasics in general took significantly longer time to produce N3 as
compared to age-matched controls. Importantly, there was no main effect of condition, F1(1,
20) = 1.57, F»(1, 38) = 0.04, ps > .10. Age-matched controls showed means of 929 (SE =
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29) and 977 (SE = 34) ms for adjunct and argument condition, respectively. Aphasic
participants spent 2,571 (SE = 227) and 2,486 (SE = 181) ms for adjunct and argument
condition, respectively.

Eye movement data: As in young participants in Experiment 1, both aphasic and age-
matched control participants gazed at each noun prior to articulating them in the order of
mention in both the argument and adjunct conditions, following the apprehension phase.
Figure 6 shows the mean gaze durations to N3 by speech region for age-matched (top figure)
and aphasic participants (bottom figure). These data indicated that, in general, both age-
matched and aphasic participants showed longer gaze durations to adjunct N3s than to
argument N3s. Interestingly, however, the two groups showed statistically different patterns
across speech regions. A set of paired t tests was used for each speech region within each
group. Age-matched controls showed significantly longer gaze durations to adjunct N3s as
compared to argument N3s in the pre-N1 region, t1(12) = 2.62, p < .05; t5(19) =4.45,p <.
001, as well as in the N3-post region, t1(12) = 3.82, p < .01; t5(19) = 4.62, p < .001.
However, aphasic participants showed this difference in the pre-N1 region only, t1(8) =
2.26, p = .05; t(19) = 3.33, p < .01. The patients did not show significant differences during
speech.

Figure 7 shows the mean n