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Verbs spontaneously activate thematic roles in an event schema. However, it is unknown 

how strongly verbs are associated with each type of thematic role, and whether these associations  

are affected by previously shown context information. The aims of this eye tracking study were 

to investigate whether participants’ eye movements fixate longer on patients (onion) or 

instruments (knife) (1) with simultaneous presentation of a semantically associated verb (slice), 

and (2) when the verb and thematic roles are primed by a context (location scene). We 

investigated these questions within and across a younger and older adult group.    

Experiment 1 included 35 younger adults (18-30 years), and experiment 2 included 17 

healthy older adults (60-80 years). Using the visual-world eye tracking paradigm, we 

manipulated congruency of the location scene as context and presented it prior to simultaneous 

presentation of a spoken verb and semantically associated patient and instrument pictures. We 

compared the fixation time of patients to instruments during the total picture presentation time (3 

seconds) and at every 100ms time bin across conditions.  

We observed significantly longer fixations on instruments than patients in younger adults; 

the same pattern was also observed in older adults, but the comparison was not significant. These 
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findings suggest a stronger semantic relationship between verbs  and instruments compared to 

verbs and patients, though both are reduced in aging. Although we did not find significant 

context effects, we found evidence that context influenced eye movements differently for the two 

age groups. Congruent context facilitated fixations on thematic roles in younger adults. However, 

congruent context suppressed instrument fixations and did not affect patients in older adults.  

Stronger associations between verbs and instruments may be related to their intertwined 

meanings (i.e., the concepts of slice and knife are somewhat interdependent). The lack of context 

effects might be due to the implicit nature of the task. Also, the reduced thematic role priming 

and suppressed instrument activations within congruent contexts in older adults might be 

explained by the transmission deficit theory and neuronal synaptic depression. Further studies 

are needed to investigate associations between different types of verbs and thematic roles in 

various populations.    
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CHAPTER 1 

LITERATURE REVIEW 

Verbs 

A verb is an essential element in language; it not only delivers a main purpose of the 

speaker/writer’s intent in communication, but it also links the information of nouns in a sentence 

to express the action or status of the nouns. Because of its importance, investigating verb 

processing has been an important topic of research. A line of literature investigated, for example, 

relates to how listeners/readers parse a sentence based on verb information (e.g., Rayner, Carlson, 

& Frazier, 1983) and how verbs generate expectation about upcoming nouns (e.g., Altmann & 

Kamide, 1999). 

It is notable that many research questions with verbs have focused on how verbs 

cooperate with nouns rather than verb concepts by themselves. This might be due to verbs’ 

distinctive characteristics. First, verbs convey both semantic and syntactic information (Druks, 

2000). That is, when a verb is used in a sentence, it delivers the semantic meaning as well as 

syntactic information of how many noun phrases are required following the type of verb. For 

example, the verb break requires one noun phrase (e.g., The boy breaks the window), whereas 

the verb give requires two noun phrases (e.g., The boy gives the girl the book). Second, the 

semantic concepts of verbs are relatively flexible compared to nouns. This is because the mental 

representation of a verb is highly influenced by other elements such as the person who performs 

the action, the object that receives or is being used to do the action, the location, etc. (Jiang et al., 

2014). For example, the concept of a pencil is approximately the same across people in terms of 

its shape (e.g., has a long shape, has a sharp edge, has an eraser at the end, etc.), its function (e.g., 

to write), and its tactile information (e.g., is relatively hard) with subtle differences (e.g., color or 

length). On the other hand, the mental representation of a verb, cut, can be different depending 
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on people’s experience, and/or situations that the action is involved. In the situation of ‘cutting a 

tomato in a kitchen,’ people would represent up and down hand motions and grasping fingers to 

hold the knife. However, in the situation in a hair salon or barber shop, a hand motion is not the 

main focus of action but finger motions manipulating scissors might considered the main concept 

of the action.  

Jiang et al. (2014) proposed that nouns are organized hierarchically in domains, while 

verbs form a more matrix-like organization. That is, (1) verb concepts necessitate dependent 

categories of noun components that are directly connected to the verb; also (2) verbs have many 

elements of meaning across semantic field (e.g., manner, intention). With respect to verb 

concepts being highly associated with noun components, Tanenhaus, Carlson, and Trueswell 

(1989) also described the assumption of information available during verb recognition 

processing: “(1) the semantic representation or “sense” of the verb, (2) the thematic roles 

associated with the verb, (3) the types of constituents that can serve as complements of the verb, 

and (4) how roles and syntactic constituents are connected to one another (Tanenhaus et al., 1989, 

p. 213).” Therefore, it would be important to investigate verb concepts in conjunction with noun 

components, and how verb and noun concepts are intertwined and influence each other.  

Thematic Role and Schema. The concepts of thematic roles and schema theory explain 

verb-noun associations. An event schema is a mental structure representing our knowledge of 

concepts including objects, social situations, actions, events, or sequential events (Barsalou, 1988; 

Ferretti, McRae, & Hatherell, 2001; Rumelhart, 1980). According to schema theory, situations 

consist of structured lists of slots (thematic role) that are filled by specific fillers. When a verb 

describes an action (e.g., slicing), it activates thematic roles of a doer of action (agent), a receiver 

of action (patient), an object being used to perform the action (instrument), a place where the 
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action occurs (location), and so on. Each slot for the agent, patient, instrument, and location is 

filled by a specific filler word of a chef (agent filler), an onion (patient filler), a knife (instrument 

filler), and a kitchen (location filler), for example.  

Therefore, if a thematic noun follows its associated verb, processing speed of the noun 

increases compared to when the noun following an unassociated verb (Edmonds & Mizrahi, 

2011; Ferretti et al., 2001). Similarly during sentence processing, verbs generate expectancy of 

upcoming nouns. Research has shown that participants more quickly look at the next item (e.g., 

cake) given picture options when a verb is semantically enriched (e.g., eat) compared to less 

informative (e.g., move) (Altmann & Kamide, 1999; Kamide, Altmann, & Haywood, 2003). 

McRae, Hare, Elman, and Ferretti (2005b) also claimed that verbs are powerful expectancy 

generators of thematic role nouns processing because verbs increase activations toward thematic 

role nouns. Ferretti et al. (2001) reported that verbs facilitate agent, patient, and instrument nouns 

compared to unrelated nouns (also see Edmonds & Mizrahi, 2011 for similar findings with 

agents and patients). However, we do not have enough knowledge yet about how different verbs 

are associated with each thematic role, what factors contribute to verb–thematic role associations, 

and the mechanisms of relative contribution for different thematic roles.  

Verb and Thematic Role Association: Focusing on Patient and Instrument Roles 

The main focus of the current study is therefore to investigate whether verbs are more 

strongly associated with a particular thematic role and what might contribute to any differences 

that are found because the two roles are filled by non-animate object entities, which allow 

comparison of their associations to verbs. In addition, patient and instrument roles possess 

different semantic and syntactic manifestations, which allow investigation of what elements of 

the thematic roles significantly contribute to the verb-thematic associations. Also, verbs are 
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grammatically subcategorized to intransitive, transitive, and ditransitive depending on how many 

noun phrases syntactically follow the verb. Also, Levin (1993) and VerbNet (Kipper, 2005) 

subcategorize verbs with the aspect of semantic characteristics (e.g., manner of motion class). 

Each subcategory of verbs possesses different argumenthood and/or semantic relationship with 

thematic roles; therefore, it should be noted that the current study limits our interest to transitive 

action verbs and how much they activate a patient role compared to an instrument role. In this 

chapter, the literature describing mechanisms of transitive action verb-patient and/or instrument 

associations is reviewed.  

Argument and Adjunct/Modifier 

There are two classes of dependents of verbs called arguments and adjuncts/modifiers 

(Sussman, 2006). In sentences, arguments are considered to be syntactically required by verbs, 

and they significantly contribute to specific semantic component of a verb (e.g., who does what); 

adjuncts or modifiers are syntactically optional and minimally contribute to semantic information. 

In a typical English subject-verb-object (SVO) sentence with a transitive verb, arguments include 

subjects and direct objects, and typically subject and direct objects serve agent and patient roles, 

respectively, as thematic roles. Adjuncts include all prepositional phrases (PPs) in a sentence, 

which can serve instrument and location roles. 

Koenig, Mauner, and Bienvenue (2003) illustrated the organization of the mental lexicon 

in a multidimensional hierarchy of categories, and each category included a combination of 

syntactic, semantic, and morphological information. For example, as seen in Figure 1, the 

transitive verb of break semantically represents the node labeled breakcaus, which includes a 

cause (cause-relation) and affected entity (affected-relation). Break also inherits from the node, 

transitive-verb, which summarizes syntactic category information. Syntactic information also 
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activates the semantic representation of cause-relation and affected-relation. In fact, the salience 

of activations of the two relations might partially be caused by the information of syntactic 

processes. The semantic arguments, cause-relation and affected-relation in the thematic role 

view are considered as agent and patient roles to a transitive verb. Therefore, a transitive verb 

syntactically highly activates arguments (i.e., agent and patient roles) but not adjuncts (e.g., 

instrument and location roles) (see Koenig et al., 2003 for full explanation). 

 

Figure 1-1. A schematic “network”-based representation of lexical information. Note: Adopted 

from Koenig et al. (2003, p. 70) with permission 

 

Consequently, listeners/speakers read arguments faster than adjuncts during sentence 

processing (Gardner et al., 2012) and tend to resolve lexical ambiguity in favor of arguments 

(Munoz, Broughton, Goldring, & Armstrong, 1998). That is because listeners/speakers prefer to 

parse a sentence using the fewest syntactic nodes, called the Minimal Attachment principle 

(Frazier & Rayner, 1982).  

Returning to our interest in patient and instrument comparisons, therefore, it is likely that 

patient nouns would have advantage over an instrument when a verb is processed at a single 

word level. Further, because verbs do not stand alone (McRae et al., 2005b), readers/listeners 

spontaneously activate the words that directly follow the verb, which are most likely patients due 
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to the strong subject-verb-object(patient) word order in English. If this is the case, facilitation 

effects in patients would be significantly greater than instruments.  

There is an interesting controversy about whether instruments are arguments or adjuncts. 

Schütze (1995) suggested that there are two perspectives from which to define argumenthood:  

1. An argument fills a role in the relation described by its associated head, whose 

presence may be implied by the head. In contrast, a modifier predicates a 

separate property of its associated head or phrase. 

2. A phrase P is an argument of a head H if the semantic contribution of P to the 

meaning of a sentence in which P is associated with H depends on the 

particular identity of H. Conversely, P is a modifier if its semantic 

contribution is relatively constant across a range of sentences in which it 

combines with different heads.   

(Schütze, 1995, p. 100) 

The first definition focuses on how semantic information of the phrase fills syntactic 

requirements (syntactic perspectives), and the second definition focuses on how the phrase 

contributes to semantic completion (semantic perspectives). In supporting of the first view, 

Spivey-Knowlton (1994; 1995) argued that instruments are adjuncts because “1) they can co-

occur with VP pro-forms, 2) they can be ordered after modifiers, 3) they allow emphatic 

reflexive insertion, 4) they are not restricted in their occurrence, and 5) their relationship to an 

event is constant regardless of the particular verb (citing Schutze, 1995, p.125)”. 

On the other hand, Schütze (1995) claimed that instruments (with-PPs) are arguments 

because first and foremost, they fill a role in the relation described by the verb. For example, 

with an implicit agent in a passive sentence, an instrument can fill the agent role (e.g., “The 

window was broken with a rock” can be restated as “A rock broke the window” with the same 

semantic properties (examples are adopted from Schütze, 1995, p. 126). Similarly, Brunson 

(1992) suggested that both agents and instruments are the fundamental role-Cause, which allows 

an instrument role to have a potential argument relation that is expressed in a sentence. Secondly, 
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iterativity is to argue whether a phrase can iterate (adjuncts) as in sentence (a) or not (arguments) 

as in sentence (b). In sentence (c) and (d), instrument phrases ‘with a tool’ and ‘with a knife’ do 

not iterate with other with-phrases, therefore they should be treated as arguments (examples are 

adopted from Schütze, 1995, pp. 103, 129). 

a. She knew a member in Northampton, in Massachusetts. 

b. *She knew a member of Congress, of the House. 

c. *Mary cut the meat with a tool with a saw. 

d. *John cut the meat with a knife with the sharp end. 

(Note: *Incorrect sentence) 

 

Lastly, relative to the syntactic view, instruments can be replaced by a pro-form (a type 

of function word that expresses another word or phrase that is stated previously in a sentence, 

e.g., him, her, that, it, etc.) which is the same patterns of arguments as in sentence (e) and (f) 

(examples are adopted from Schütze, 1995, p. 131).  

e. I know that several construction workers were planning to repair the house with 

various tools. With which tool do you wonder who will actually do so? 

f. I know that Bill fixed the fan with a hammer. Tell me which tool Mary did so with.  

In sum, Schütze (1995) summarized that both syntactic and semantic tests support that 

instruments should be considered arguments rather than adjuncts. Instruments are strongly 

attached to verbs semantically, and therefore they may be considered arguments. Consequently, 

this may indicate a strong verb-instrument association. While Schütze argued for the 

argumenthood of instruments in sentence processing, the strong semantic attachment of 

instruments to verbs may also be present at the word level. 

Semantic Features 

We have discussed the association between verbs and their thematic roles at the macro-

level of sentence processing. Now we will switch to a more micro-level analysis by decomposing 

semantic features of each thematic role concept. Investigating semantic features is one of the 
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major approaches of exploring semantic concepts and semantic relationships. Semantic features 

are smaller units of meaning that are often used to categorize or arrange concept hierarchy 

(Harley, 2008). For example, the concept of father includes semantic features are +human, 

+older, and –female, while mother features include +human, +older, and +female. Thus, father 

and mother are categorized under “human” and “older” group but differentiated by sex. One of 

the linguistic models claims that shared features (e.g., “human” and “older” in the example of 

father and mother) play an important role in the activations between concepts.   

The Distributed Network Model (Roelofs, 1997) posits that concepts are presented as 

patterns of activation across a network of interconnected units which represent various aspects of 

an object or event. Units are organized into modules representing a particular kind of information 

(e.g., verbal or visual features) or accomplishing a particular information-processing goal (e.g., 

input or output system). Units within a modules are richly interconnected each other; units in 

different modules may or may not be connected. When a concept is processed, it causes patterns 

of activations across units. The particular patterns are determined by the weights of the 

connections between the units. Similar concepts are represented by similar patterns of activation. 

Because the patterns are determined by shared semantic features, concepts that share more 

semantic features are closely connected and more likely to be co-activated. 

McRae, Cree, Seidenberg, and McNorgan (2005a) reported semantic feature norms of 

objects. In their database, functional features of tools were usually described in action verb forms. 

For example, a semantic feature of an oven was ‘used for baking something’ and a ball was ‘used 

by throwing.’ According to Vinson and Vigliocco (2008) functional features are considered one 

of the salient features of tools, clothing, other artifacts, and body parts. Because common objects 
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serve as instruments, sources of action verb activations in the semantic network would strongly 

activate these concepts.   

On the other hand, a common patient noun for baking is a pie, whose semantic features 

are usually described with perceptual features (e.g., looks round, is hot, is sweet, etc.). These 

perceptual features are not related to verb concepts, and therefore verb activations in the 

semantic network would not necessarily activate related patient nouns (in terms of shared 

features). Further, it is also possible that an oven serves a patient role for a verb, cleaning or 

opening. However, because its semantic features are associated with the action of baking, the 

concept of an oven may be most likely activated by an instrument-related verb (e.g., baking) 

rather than patient-related verb (e.g., cleaning). 

Kipper, Dang, and Palmer (2000) supported this assumption and claimed that each verb 

possess specific selectional restrictions (e.g., an instrument of kicking must be of type foot) and 

semantic characteristics (e.g., a particular manner of directed motion). Intuitively, selectional 

restrictions are more engaged for instruments than patients because instruments (e.g., oven) are 

primarily created and developed to the specific action (e.g., baking), whereas the action can be 

done many similar kinds of entities (e.g., pie, bread, pizza, cookie, etc.). Nagy and Gentner (1990) 

and Talmy (1975) also argued for a strong dependency between verbs and instruments and 

suggested that verb concepts contain information related to the related instrument’s meaning.  

Not only does behavioral evidence in the psycholinguistic literature support co-activated 

patterns of action verbs and instrumental tools, but there is neuronal activation evidence as well. 

Embodied cognition theory claims that concepts and linguistic information are presented in 

modality-specific areas in the brain. Certain concepts are associated with relevant modalities and 

neuronal networks which are represented by different neuronal assemblies involved in semantic 
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knowledge (Lawrence W Barsalou, 2008; Pulvermüller, 2005). Physiologically when learning a 

concept, nerve cells associated with the motor and sensory semantic features of the concept fire 

together. In neuroplasticity, connected neurons that frequently fire together in synchrony are 

coerced together more closely at a functional level (Bhatnagar, 2008; Kipper et al., 2000).  

For example, in the brain, the primary motor cortex in the precentral gyrus of the frontal 

lobe is involved in planning of skilled motor movements (Bhatnagar, 2008). The primary motor 

cortext is organized to control each body part (motor homunculus); the lower motor cortex is 

responsible for the face, speech muscles, and head; the upper region is responsible for the arms 

and trunk; and mid-sagittal area is responsible for legs and toes (Bhatnagar, 2008). Therefore, 

according to the embodied cognition, during processing of a concept such as grasping, mirror 

neuron activations of the specific motion activate the related neurological areas (e.g., hand 

movements in the upper area of the primary motor cortex) (Aggujaro, Crepaldi, Pistarini, Taricco, 

& Luzzatti, 2006).  

Carota, Moseley, and Pulvermüller (2012) also found supportive evidence for embodied 

cognition theory. They presented three different types of words (animal, food, and tool) to 

participants and asked them to read the words silently while their brain activations were scanned. 

The authors found activation in the general language area in the inferior frontal, middle-superior 

temporal, and inferior temporal-fusiform areas as well as additional activations in areas specific 

to each type of word category – strong dorsolateral precentral cortex activations near the 

somatotopic motor finger representation for tool words and inferolateral precentral area 

activations near the tongue representation for food words. Not only have neuroimaging studies 

supported these patterns of activation, but research with clinical populations has also reported 

language characteristics supporting embodied cognition theory. A study reported action verb 



 

22 

processing difficulties in individuals with Parkinson’s disease who have concomitant movement 

disorders (Fernandino et al., 2013). Also, individuals with autism spectrum with pervasive motor 

problems show specific deficits in the semantic processing of action-related words (Moseley et 

al., 2013).  

We discussed embodied cognition theory and supportive findings in the literature, 

because this theory can also explain strong behavioral and neurological activations and 

associations between verbs and instruments. Action verbs generally poses more functional and 

motoric features than visual or perceptual features, and those features are usually the main 

features of tools and artifacts compared to animals or fruits (see Vinson & Vigliocco, 2008 for 

details). Therefore, greater verb-instrument semantic features overlap may result in greater co-

activations as compared to verb-patient activation. 

Behavioral Evidence Comparing Patient to Instrument Activations by Verbs 

A review of linguistic and neuropsychological literature provides us with some 

reasonable suppositions of how action verbs are associated with patient or instrument roles. The 

psycholinguistic literature with behavioral evidence shows how verbs activate thematic roles and 

how that association affects language processing. Altmann and Kamide (1999) argued that verbs 

generate expectancy of upcoming thematic nouns. Using a semi-realistic visual scene with 

pictures of a target (e.g., cake) and distractors (e.g., toys), they tracked participants’ eye 

movements while the participants heard a sentence containing the verb eat or move. Because eat 

requires an edible patient, participants looked at the target object significantly earlier than the 

move sentence Therefore, the study supports the position that verbs restrict the semantic domain 

of expected items. Kamide and colleagues further showed that the verb-based information not 

only generates expectancy of the immediately following object (i.e., patients) but also affects 

later occurring objects (e.g., The woman will spread the butter on the bread) (Kamide et al., 
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2003). Their first study showed the evidence of patient expectation from a verb. The second 

study did not use instrument nouns to support the same evidence. However, because instruments 

are syntactically located in similar distance of the PP phrased in their second study, it is likely 

assumed that verbs generate expectations about instruments as well.  

Similar to Altmann and Kamide’s two studies, Sussman (2006) also used eye tracking 

methods to investigate how verbs influence thematic roles during sentence processing. However, 

unlike Altmann and Kamide, Sussman presented both patient and instrument pictures to explore 

which thematic role is more expected by verbs. She also categorized verbs into two groups based 

on the degree to which verbs are instrument-biased (e.g., smash is an instrument-biased verb; 

break is a non-instrument-biased verb). In Experiment 1 and 2, she presented pictures of a target 

instrument (e.g., mallet) with an upcoming patient (e.g., house) along with distractors and asked 

participants to manipulate an item as they heard a sentence stating “Smash the house” or “Break 

the house.” The results revealed more looks to instruments compared to patients at the ‘verb+the’ 

phrases when participants heard instrument-biased verb sentences, whereas there was no 

difference in looks between instrument and patient in the non-instrument biased verb sentences. 

These results are the opposite of what Altmann and colleagues found. Sussman suggested that 

these unexpected findings may be in part due to differences in task type. Whereas participants 

were asked to listen to sentences while watching the pictures in Altmann and Kamide studies, 

Sussman asked participants to carry out a specific action, which may have introduced action 

planning using instruments. Therefore, Sussman conducted Experiment 3 using the same task as 

in Altmann and Kamide, but also found the similar results in Experiment 1 and 2. Thus, she 

confirmed immediate effects of verb information on instrument processing.  
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Sussman’s study is very interesting because she clearly showed strong verb activations 

toward instruments over patients during sentence processing. Earlier when we reviewed 

argument and adjunct concepts, although the argumenthood of instruments was still arguable, 

patients were clearly arguments in sentences. Therefore, patients should take advantage of 

expectancy generated after verbs. That is, Sussman’s results indicate syntactic violation. Then, 

there seem to be factors that tightly link verbs with instruments, which are even strong enough to 

violate syntactic restrictions. We hypothesize that their strong association is led from semantic 

coupling. Therefore, to strip off other factors such as syntactic components and to focus on 

semantic aspects, we now concentrate on single word processing.  

Ferretti et al. (2001) designed a priming paradigm with verb primes and four thematic 

role noun targets (agent, patient, instrument, and location). Noun targets in written words were 

presented following verb primes with 250ms delays (250ms stimulus onset asynchrony, SOA). 

Participants were asked to determine whether the targets were real words or not (lexical decision 

task) or whether the targets are animate or inanimate (animacy decision task). The results 

showed that verb primes facilitate agent, patient, and instrument target words (but not locations), 

which supports the idea that verbs generate activations on their related concepts based on the 

schema. Their work is significant because it supports verbs-thematic role activations at a single 

word level. That is, even without enforcement of integrating information to comprehend a 

sentence, listeners/readers make verb-thematic role association automatically. However, mainly 

because it was not intended in their work, they did not compare the effect size of each 

association and therefore, which thematic role is more strongly associated with verbs is 

unknown. They reported facilitation effect sizes and not all thematic role had the same degree of 

facilitation (verb–agent: 27ms, verb–patient: 32ms, verb–instrument: 32ms). Although we do not 
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know whether the differences are significant, the study alludes to different strengths of 

association between a verb and different types of thematic roles.  

One study (Park, Cowles, & Edmonds, 2013) attempted to answer this question directly. 

The authors presented highly-related patient (e.g., bathtub) and instrument (e.g., sponge) pictures 

with foil detractors on a computer screen and tracked participants’ eye movements while they 

simultaneously heard a verb (e.g., scrubbing). Park et al. (2013) explored which pictures 

participants looked at when they heard an associated verb. When they calculated total fixation 

time during the picture presentation time (3 seconds), there was a tendency toward longer 

fixation on instruments than patients, but the difference was not significant. However, additional 

analyses on  fixation time in each 50ms time window across the 3 seconds revealed significantly 

longer fixation times on instruments compared to patients in between the ≈1000ms (rough offset 

time of verb presentation) and 2200ms time windows. Therefore, the results revealed verb 

preference on highly-related instruments over patients. This preference became greater with 

manipulation of the semantic relatedness of patients and instruments to be either highly related or 

less-related to a verb. When highly-related instruments (sponge) were paired with less-related 

patients (mirror), the difference of fixation time between patient and instrument was 

significantly greater than when less-related instruments (towel) are paired with highly-related 

patients (bathtub). Therefore, they suggested that instruments are more sensitive to manipulating 

semantic strength than patients.  

Park et al. (2013) initially hypothesized that highly-related patients (bathtub) would be 

looked at longer than highly related instruments (sponge). That is because the patients were 

obligatory from a syntactic perspective and thus must co-occur with the verb in sentences. As a 

result, there would be an additional advantage of lexical co-occurrence compared to instruments, 
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whose co-occurrence is very low (0.8%) with verb presentation in sentences (Koenig et al., 

2003). With the advantage of lexical co-occurrence in addition to being highly-related to verbs, it 

was expected that patients would be looked at longer than instruments. However, against their 

hypothesis lexical co-occurrence did not contribute to greater fixation times for highly related 

patients. Therefore, Park et al. (2013) suggested that lexical co-occurrence effects were minimal 

when examining the relationship between the verb and highly related patients and instruments; 

rather semantic relatedness effects overrode lexical co-occurrence effects. 

One explanation for the strong verb-instrument association observed in Park et al. (2013) 

was thematic role filler competition. When a presented verb evokes patient and instrument fillers 

(i.e., specific items), individual people activate their own default filler depending on a specific 

schema he/she is more familiar with based on their personal experience. Although Park et al. 

selected very common patient and instrument fillers based on normative questionnaire data 

(bathtub and sponge for scrubbing), there are other possible fillers commonly associated with 

verbs (e.g., floor or toilet for patients, and brush for instruments). Intuitively, there are a lot of 

possible patient fillers (e.g., bathtub, floor, toilet, table for scrubbing) but a relatively small 

number of instrument fillers (e.g., sponge, brush for scrubbing). Because an instrument role has 

few possible fillers, it is more likely that the target filler in experiments match individual’s 

default filler. On the other hand, because a patient role includes many possible fillers, there is a 

lower chance to activate the target filler that matches their default filler.   

A similar hypothesis was also proposed in a priming study by Park and Edmonds (2012). 

The primary purpose of the study was to investigate whether a verb prime facilitates thematic 

role noun naming (patients and instruments). A written word of a verb primed a picture of related 

patient or instrument with 50ms and 300ms SOA, and the reaction time of the naming speed was 
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compared to their corresponding unrelated pairs. Contrary to their hypothesis that verb primes 

would facilitate thematic role noun naming, they reported null effects in all verb prime–

patient/instrument target pairs and even interference effect in the verb prime–patient target pairs 

at 300ms SOA. However, interestingly they observed different trends between in verb–patient 

pairs and in verb–instrument pairs. They found a facilitation trend in verb–instrument pairs at 50 

and 300ms SOAs but an interference trend in verb–patient pairs at 50ms SOA, and this 

interference trend became significant at the longer SOA (300ms). The authors argued that the 

different trends may be due to lexical competition that is involved in a naming task. Most 

previous studies that reported facilitation effects of verb primes to noun targets implemented a 

perceptual task such as a lexical or animacy decision task. Those tasks necessitate the semantic 

level activations for their responses to the targets, whereas a naming task requires the lexical 

level activations in addition to the semantic activations. During the lexical level activations, the 

target has to inhibit competitors to be named properly, and the more competitors are activated, 

the greater inhibition is required (Roelofs, 1997). Intuitively, there are more possible competitors 

for patient fillers (e.g., tomato, onion, meat, pizza, paper, etc. for slicing) than for instrument 

fillers (e.g., knife and slicer for slicing). Because of a greater number of competitors for patients, 

the facilitation effects from the semantic level were removed and resulted in the interference 

trend; with longer SOA the interference trends increased and became significant. On the other 

hand, due to fewer possible competitors for instrument nouns, the facilitation effects from the 

semantic level were not entirely washed out and remained, albeit insignificantly.   

Therefore, the purpose of the current study is to investigate these potential filler 

competition effects and how much this competition influences eye movements toward patients 

and instruments from a presented verb. As suggested by Park and colleagues’ two studies, if the 
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verb–thematic role association is affected by specific schema activations, then it is hypothesized 

that restricting to a particular schema would narrow down the number of possible thematic role 

fillers. Consequently, reducing the number of thematic role fillers within the particular schema 

would promote increased expectancy of the target filler due to a decrease in the number of 

competitors.  In other words, providing a specific schema will allow us to increase the likelihood 

of expectancy of the particular thematic role filler. To test this hypothesis in the current study, a 

specific context was presented in advance of verb-thematic role presentation to activate target 

schemas. Further, we added an experimental group and investigated this context effect on verb-

thematic role processing in different age groups (healthy younger and older adults) to determine 

potential differences across age groups. 

Context Effects in Typical Language Processing 

Context effects have been shown to influence the expectancy process during language 

comprehension (Federmeier, Wlotko, De Ochoa-Dewald, & Kutas, 2007). Early studies found 

the context effect in lexical ambiguity resolution. The reordered access model (Duffy, Morris, & 

Rayner, 1988) suggests that when a word has more than one meaning (e.g., bat, bank, mint), the 

more dominant meaning is activated first, but later the prior context information influences the 

meaning activations. Therefore, when the prior context information does not match the dominant 

meaning and rather is congruent to the secondary meaning of the word, readers look at the 

ambiguous word longer than when the context information is neutral or congruent to the 

dominant meaning (Binder, 2003; Binder & Morris, 1995; Binder & Rayner, 1998; Rayner, 

Binder, & Duffy, 1999).  

Federmeier et al. (2007) more specifically investigated the context effect by manipulating 

the degree of constraint on the context (e.g., “He bought her a pearl necklace for her 

birthday/collection.” for a strongly constraining condition, “He looked worried because he might 
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have broken his arm/collection.” for a weakly constraining condition). Using ERPs they reported 

increased N400 effect for the unexpected word in both the strongly and weakly constraining 

conditions but could not find the difference between the two conditions. However, instead they 

reported increased positivity from 500 to 900ms post-stimulus-onset for the unexpected word 

only in the strongly constraining condition. The context effect in their study was not observed 

with N400 effect; however, the P500-900 effect indicated a possible cost involved in the context 

effect on sentence comprehension.  

The context effect is greater for verbs than nouns (Gentner & Boroditsky, 2001; Kersten, 

1998; Kersten & Earles, 2004; Kintsch, 2001). According to the natural partitions/relational 

relativity theory (Gentner, 1981, 1982), children learn noun concepts easily because they use 

nonlinguistic perceptional cues such as proximity, common fate, and boundedness. Therefore, 

the meaning of nouns is stable in various linguistic contexts. On the other hand, the meaning of 

verbs is relational, so it is not directly mapped onto the nonlinguistic perceptual categories. 

Therefore, the meaning of a verb is less stable and changeable depending on various contexts. 

Kersten and Earles (2004) supported this theory with two memory tasks (recognition and 

retrieval tasks). They reported that memory for verbs was significantly better when the verbs 

were tested in the same sentences where the verbs were presented previously (e.g., The ball 

bounced.) compared to when the verbs were tested in the new sentences (e.g., The quarter 

bounced.). However for nouns, participants scored statistically the same regardless of whether 

the nouns were tested in the previously presented sentences (e.g., The ball bounced.) or in the 

new sentences (e.g., The ball rolled.). Kersten and Earles’s results drive our attention back to the 

schema/thematic role views. If different sentences in their study represent the different schema 

for the verb, their results suggest that the verb compared to noun is more likely memorized with 
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the associated schema, including thematic roles. Therefore, when some information does not 

match and thus the particular schema is not activated, it is difficult for people to retrieve the 

verb.  

A verb in many cases is associated with various schemas and each schema includes its 

own thematic role fillers. If given thematic role fillers do not fit in the schema that participants 

expect, it would be difficult for them to integrate the given fillers with ones they expected. Based 

on concrete evidence of the context effect reviewed above, we hypothesize that previously given 

context information would activate target schemas which would restrict untargeted thematic role 

fillers and increase likelihood of target fillers. Also, context effects would be greater for a 

thematic role that has greater number of possible fillers (i.e., patient) than a role that has a 

smaller number of possible fillers (i.e., instrument). That is because the more possible fillers are 

restricted, the greater increase of a chance activating target filler would be given.  

Semantic Processing and Context Effects in Aging 

The semantic memory system in general does not greatly decline with age as healthy 

older adults are able to understand the concepts of words or semantic features of concepts. 

However, age-related changes may occur depending on the type of task (e.g., automatic vs. 

attentional process) or the degree of task demand (e.g., single word vs. complex sentence 

comprehension) (Burke & Shafto, 2008).  

There is evidence that vocabulary knowledge increases with aging (Verhaeghen, 2003) 

because of more language experience, suggesting that semantic representation in older adults is 

richer compared to young adults (Ackerman & Rolfhus, 1999). This would affect semantic-

lexical processing in older adults because it increases relative frequency for low frequency words 

(Burke & Shafto, 2008). Gomez (2002) showed this frequency effect between age groups. Using 

a homophone priming paradigm with word-fragment completion task that primed high and low 
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frequency words, they found that young adults had greater priming effects for low frequency 

words whereas older adults did not show difference between high and low frequency words.  

 Meanwhile, semantic organization has been tested using the semantic priming paradigm. 

A great deal of studies demonstrated no age-related changes; as with young adults, older adults 

show facilitation priming effect to semantically related target (Balota, Watson, Duchek, & 

Ferraro, 1999; Howard, McAndrews, & Lasaga, 1981; Tree & Hirsh, 2003). However, it is also 

notable that there is evidence of slow rate in priming effects in healthy older adults compared to 

young adults (Bowles & Poon, 1988; Burke, White, & Diaz, 1987; Chiarello, Chur, & Hoyer, 

1985; Howard et al., 1981; Linnville, 1995). The result of slow speed in priming supports the 

general slowing theories which argue that age-related declines in cognitive process are due to 

slowing of component process (Madden, 2001; Myerson, Hale, Chen, & Lawrence, 1997; 

Salthouse, 1996, 2000). Additional evidence of age-related change in semantic process from the 

priming paradigm literature is called hyperpriming effects (Laver, 2000; Laver & Burke, 1993; 

Myerson et al., 1997). Hyperpriming is a phenomenon in older adults whose facilitation effect 

size is greater than in younger adults.  

There are a number of views to explain language processing in aging. The first view, 

which has been used to explain hyperpriming, is by Laver and Burke (1993) who argued that 

greater facilitation is due to more numerous direct and indirect connections between concepts for 

older adults due to their more extensive language experience as compared to young adults. The 

second view is explained by resource limitations such as inhibition, working memory, or reduced 

speed (Hasher & Zacks, 1988). Reduced inhibition model explains poorer performance of 

reading or listening in older adults compared to younger adults when they are distracted 

(Connelly, Hasher, & Zacks, 1991; Tun, O’Kane, & Wingfield, 2002). It also has been used to 
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explain off topic conversation in older adults (e.g., Arbuckle, Nohara-LeClair, & Pushkar, 2000). 

Working memory difficulty model in aging postulates that reduced storage or processing 

capacity of working memory constrains complex semantic and syntactic comprehension or 

production (Kemper & Kemptes, 1999).  The model of slowed processing (Myerson et al., 1997) 

states that because older adults process primes more slowly than young adults, they have a longer 

processing time, and this expanded time results in increased priming effects.  

Transmission deficit theory is developed by connectionists, who argue that connections 

between concepts in the semantic network increase with frequency of use but decrease in aging. 

As connection strength decreases, there is a reduced transmission of priming which weakens 

activations to connected concepts. This transmission deficit therefore causes greater limitation in 

general (connected) processing rather than single processing. This view is also supported by 

neurobiological characteristics of aging. Brain atrophy in aging includes white matter atrophy 

and reduced total length of the myelinated fibers of white matter, which results in reduced neural 

connectivity (e.g., Marner, Nyengaard, Tang, & Parkkenberg, 2003; Tang, Nyengaard, 

Pakkenberg, & Gundersen, 1997; Raz, 2000).   

 Most semantic priming studies have focused on noun prime–noun target pairs, whereas 

noun–verb pairs have not received much attention. Hagoort (1993) is one of a few studies that 

used verb primes. In his experiments, two primes were presented in sequence for noun targets. 

The first prime was a noun and the second prime was a homographic homophone (words that 

have more than two meanings) in Dutch which has either two noun-noun meanings (e.g., ball) or 

noun-verb meanings (e.g., bark). Four conditions were manipulated by the prime–target 

relationship: concordant pairs (the second prime is related to the first prime and target by same 

meaning), discordant pairs (the second prime is related to the first prime and target in different 
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ways), neutral pairs (the second prime is related to the target but not to the first prime), and 

unrelated pairs (all three words are unrelated). The results in young adults showed priming 

effects in all four conditions for both noun–noun pairs and noun–verb pairs; on the other hand, in 

healthy older adults, priming effects were found in all four conditions for noun–noun pairs but 

only in concordant and neutral conditions for noun– verb pairs. The author suggested that older 

adults necessitate both form (grammatical class match) and context (appropriate meaning) 

information to inhibit inappropriate meaning whereas young adults effectively suppress the 

inappropriate meaning without additional information.   

 Edmonds and Mizrahi (2011) also showed different priming effects in healthy older 

adults compared to younger adults. They investigated bidirectional verb–thematic role noun 

(agent and patient) priming effects. In a young adult group, they found facilitation effects in all 

pairs (verb prime–agent target, verb prime–patient target, agent prime–verb target, and patient 

prime–verb target). However, in an older adult group, the facilitation effect in verb prime–agent 

target disappeared. They argued that violating the canonical order decreased expectancy 

generated from a verb to agent in older adults. Similar to Hagoort’s argument, older adults need 

additional information (syntactic rule) to boost expectancy process. In sum, it is still arguable 

whether age-related changes in semantic process clearly exist. However, the evidence of slow 

rate and hyperpriming effects indicate that at least in some instances there are potential 

differences in processing systems in older adults compared to young adult. 

Context Effects in Aging. If older adults process semantic information differently than 

young adults, the context effect we addressed above may also be affected somehow. Affected 

context effects in older adults have been shown with ERP studies (Federmeier & Kutas, 2005; 

Federmeier, McLennan, Ochoa, & Kutas, 2002). Federmeier et al. (2002) designed high and low 
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constraint sentences and manipulated the ending word to be an expected word, an unexpected 

word from the same semantic category, or unexpected word from a different category. While 

listening to a sentence, both younger and older adult groups elicited the greatest N400 effect in 

the unexpected word from the different category and least N400 effect in the expected word 

although overall N400 responses were smaller and delayed in older adults than in young adults. 

Constraint context effects were different between age groups. The N400 responses between the 

two types of unexpected words (unexpected word from the same category vs. unexpected word 

from the different category) in high constraint context sentences were significant in young adults 

but not in older adults. Instead the slight difference between the two types of unexpected words 

was found in low constraint context in older adults. That is, when the unexpected word shared 

semantic features with the expected word, young adults but not older adults received some 

benefits from it in high constraint context compared to when the unexpected word is not related 

to the expected word. Therefore, the authors explained that young adults actively use the context 

information to predict semantic features of upcoming words. However, older adults use context 

differently and their expectancy process is directly related to plausibility (whether the target is 

expected or not).  

Federmeier and Kutas (2005) further focused on constraint context effect and found 

similar trends. Using strongly and weakly-constrained context sentences rendering the target 

word predictable, ERP responses were recorded while participants read the sentences. The results 

were compared between age groups (young vs. older adults). Overall N400 effects were delayed 

and smaller in older adults compared to young adults. Also, whereas young adults were sensitive 

to violating expected target words in strongly-constraint context sentences than in weakly-

constraint context sentences, older adults’ N400 amplitudes were similar in both strongly- and 
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weakly-constraint context sentences, indicating older adults are not sensitive to the constraint 

context effect. They concluded that older adults are less influenced by the context constraint 

effect. In the two studies (Federmeier & Kutas, 2005; Federmeier et al., 2002) the authors further 

correlated ERP responses (amplitude and timing) with language and cognitive measures such as 

reading span, verbal and nonverbal fluency and reported significant correlations with age 

(Federmeier & Kutas, 2005), reading span (Federmeier & Kutas, 2005), verbal fluency 

(Federmeier et al., 2002), and vocabulary (Peabody Picture Vocabulary Test (Dunn & Dunn, 

1997)) (Federmeier et al., 2002). Reading span and verbal fluency are related to executive 

function especially with working memory, thus suggesting that working memory decline in 

aging may attribute to difficulty in holding and actively using context information. This is nicely 

in line with the resource limitation view that listeners/readers need to integrate context 

information requiring working memory during global sentence processing.    

 Thus far, we have discussed semantic language processing, including context effects in 

aging. There is evidence of differences in older participants compared to younger participants, 

which might be explained by cognitive decline such as working memory deficits or slower 

processing speed. We are interested in the semantic system in aging because it is related not only 

with cognitive processing but also with lexical retrieval. Research with individuals with 

dementia lose semantic concepts and therefore are unable to name the concepts. This is 

considered a semantic ‘storage’ deficit. Meanwhile, individuals with aphasia caused by a left 

hemisphere stroke show semantic ‘access’ impairments, which cause inability of strategically 

manipulate the semantic links in the network. These individuals show inconsistent naming errors 

(Jefferies, Baker, Doran, & Lambon Ralph, 2007; Jefferies & Lambon Ralph, 2006). This 

phenomenon reflects how semantic impairments cause lexical retrieval difficulties which 
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therefore disrupt communication. In a linguistic model, the semantic system is interrelated with 

the lexical system and therefore affects naming ability. Therefore, understanding semantic 

processing difference in healthy older adults (HOAs) compared to younger adults is important to 

investigate communication in HOAs.  

The current study investigates verb-thematic role association as well as semantic context 

effects. The former primarily aims to reveal how strongly concepts are connected to each other 

(i.e., whether patients or instruments are strongly associated with verbs) and the latter aims to 

demonstrate how fast or effectively context information is addressed and activates target 

schemas and corresponding thematic role fillers. There is evidence that the semantic memory 

system as well as the constraint context effects are affected in aging due to probably slow 

process speed or reduced executive function. Also unlike previous studies using sentence 

processing tasks, this study evaluates single words and concepts to minimize confounds such as 

syntactic manifestation in sentences while emphasizing semantic networks between concepts. 
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CHAPTER 2 

CONTEXT EFFECTS IN TYPICAL LANGAUGE PROCESSING 

Introduction  

To investigate context effects on the expectancy process from a verb to thematic role 

fillers (patient and instrument), we implemented the visual-world paradigm used in Park et al. 

(2013).  The visual-world paradigm is a relatively recently developed method investigating 

language processing using eye tracking, which presents auditory input with a visual array to 

participants and follows their natural eye movements. Therefore, this methodology combines 

aspects of scene perception, visual search, and language processing (Rayner, 2009). Calculating 

participants’ eye fixations or saccadic movements on target objects is rationalized by the linking 

hypothesis, which assumes the link between word recognition and eye movements. This 

hypothesis suggests that auditory input shift participants’ attention to target pictures to make a 

saccadic eye movement to fixate them (Tanenhaus & Tureswell, 2005), and eye movements 

reflect the direction of visual attention depending on visual and auditory input (Huettig, 

Rommers, & Meyer, 2011). An advantage of the visual world paradigm compared to other 

psycholinguistic paradigms such as lexical decision or grammaticality/animacy judgments in 

priming paradigms, is that participants do not need to make meta-linguistic judgments, which 

might cause compounding in measuring the language processing investigators target to because 

interpretation relies on eye movement data (Huettig, Rommers, & Meyer, 2011). Also, visual-

world paradigm allows researchers to present several objects including target, competitor and 

foil and to compare eye movements directly between objects in a circumstance where objects 

compete with each other to be looked at. In the visual-world paradigm with the same protocol in 

Park et al. (2013) we additionally primed the verb with a visual context. As a visual context, we 

used a picture of location scene. Location is one of thematic roles that reliably facilitates 
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activations of a semantically related verb (McRae et al., 2005b). Among the four major thematic 

roles (agent, patient, instrument, and location), patient and instrument were excluded as context 

information because they are the experimental targets. Agent was excluded because not many 

agent fillers are appropriately presentable as a picture. Although some agent fillers are clear with 

a uniform (e.g., policeman), some agent fillers such as teacher, secretary are difficult represent 

without environmental information (e.g., blackboard, desk). Using the visual modality to prime 

context is beneficial compared to using linguistic information because (1) visual information 

passes the phonological/lexical level and directly activates semantic concepts; therefore, it is 

faster than linguistic context effect (Carr, McCauley, Sperber, & Parmelee, 1982); (2) visual 

context information is highly structured and stable over time (Chun, 2000); (3) a mental image of 

a concept varies in each individual based on their own personal experiences; however, visual 

information causes less personal bias because it is straightforwardly given to the participants 

(Chun, 2000); and therefore, (4) the invariant information reduces the task complexity of 

representing the information (Gibson, 1963). 

The current study included four conditions presenting different types of context to prime 

verb and patient/instrument relationships in order to investigate the context effect on the 

expectancy process. The neutral (no context, NC) condition does not constrain to a specific 

context; the congruent context (CC) condition presents a location (e.g., kitchen) that is congruent 

to the verb action (e.g., cutting), patient (e.g., onion), and instrument (e.g., knife). In the 

congruent-patient & incongruent-instrument (CP&I I) condition, the location (e.g., kitchen) is 

congruent to the verb action (e.g., cutting) and patient (e.g., onion) but not to the instrument 

(e.g., scissors); in the incongruent-patient & congruent-instrument (IP&CI) condition, the 

location (e.g., kitchen) is congruent to the verb action (e.g., cutting) and instrument (e.g., knife) 
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but not to the patient (e.g., hair);. In each condition, two foil pictures are also included as 

distractors. While four pictures were presented on a computer screen, we monitored how long 

participants looked at the patient and instrument pictures. 

Research Questions (RQs) and Hypotheses. Specific research questions and hypotheses 

are addressed below. 

RQ1: Are verbs are more strongly associated with either patients or instruments without 

context information? I.e., will fixation proportion in either patients or instruments is significantly 

greater than the other in the NC condition? 

 

Hypothesis: Based on the findings of Park et al. (2013), fixation proportion to instruments 

will be significantly greater than patients.  

 

RQ2: Will constraining context information increase the fixation proportion for patients 

and instruments compared to when no context is provided? I.e., will fixation proportion in 

patients and instruments in the CC condition be significantly greater than in the NC condition? 

 

Hypothesis: Because restricting context narrows down the possible schemas, and thus 

reduces the number of possible fillers, the likelihood for the target filler activation would be 

increased. Therefore, fixation proportion in both instruments and patients in the CC condition 

would be greater than in the NC condition. 

 

RQ2-1: If RQ2 is true, will the constraining context effect be greater for either patients or 

instruments? I.e., will the increase of fixation proportion for patients from the NC to CC 

condition be significantly greater/smaller for instruments? 

 

Hypothesis: Because patients retain many possible fillers compared to instruments, the 

fixation proportion increase would be greater for patients than instrument.  

 

RQ3: Does incongruent context information generate untargeted patient and instrument 

fillers and therefore reduce expectations of target patients and instruments? I.e., Will fixation 

proportion in patients decrease from the CC to the IP & CI conditions and will fixation 

proportion in instruments decrease from CC to the CP & II conditions? 

 

Hypothesis: Because activating a non-target schema with an incongruent context 

generates non-target patient and instrument fillers, it would decrease the likelihood for the target 

filler activation. Therefore, fixation proportion in both patients and instruments in the CC 

condition would be greater than in the IP & CI and CP & II conditions, respectively.  

 

RQ3-1: If RQ3 is true, will the incongruent context interference be greater for either 

patients or instruments? I.e., will the decrease of fixation proportion in patients from the CC to 
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IP & CI conditions be significantly greater/smaller than in instruments from the CC to the CP & 

II conditions? 

 

Hypothesis: With the same reasoning of the RQ2-1 hypothesis, the fixation proportion 

decrease would be greater for patients than instruments. 

 

 

Methods 

Participants  

Thirty-five healthy young adult participants from University of Florida participated in the 

study. Inclusion criteria were: (1) age 18 to 30 years, (2) no history of brain injury or 

neurological disorder, (3) no history of learning disability, (4) no history of drug or alcohol 

addiction, (5) a native monolingual English speaker, and (6) right-handed. All participants 

provided informed consent and were compensated with either a $5 Starbucks gift card or course 

credit.  

Six males and twenty-nine females participated in the study. The mean age was 20.9 

(sd=1.9) years old and education was 14.5 (sd=1.4) years.  

Stimuli Development 

 In order to create a list of semantically related patients and instruments to verbs and 

location, we conducted a commonness rating questionnaire adopted by Ferretti et al. (2001). For 

example, “How common is it for a(n) _____ to be cut in a kitchen?” for the verb–patient 

relationship with four options (e.g., onion, hair, computer, paper) and “How common is it for 

a(n) _____ to be used to cut something in kitchen?” for the verb–instrument relationship with 

four options (e.g., knife, scissors, axe, clipper). Participants rated the commonness using a 7-

point scale (1=not common, 5=very common), and the pairs whose average ratings were over 5.5 

were included.  
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 All verb-object noun pairs were matched for written word frequency using the MRC 

database (Wilson, 1988). In addition, lexical association was controlled using BSG (backward 

strength) from the South Florida Association Norms (Nelson, McEvoy, & Schreiber, 1998). We 

used backward strength because the cue in the norms was a noun whereas the cue in our study is 

a verb and the target is a noun. Verb-noun pairs whose BSG value was less than 0.15 were 

included. 

Materials 

 Four conditions were included: (1) neutral (no context, NC) condition with a neutral 

picture (XXXXX) and verb, semantically related patient, instrument, and two foils (2) congruent 

context (CC) condition with location, verb, and semantically related patient, instrument, two foils 

(3) congruent patient & incongruent-instrument (CP & I I) condition with location, verb, 

semantically related patient, unrelated instrument, and two foils, and (4)incongruent-patient & 

congruent-instrument (IP & CI) condition with location, verb, semantically unrelated patient, 

related instrument, and two foils .  

In each condition twenty transitive action verbs were included and each verb was paired 

with two locations (A and B) where the action of the verb commonly occurs. Semantically 

related patients and instruments for each location were also included in the congruent condition. 

For the two incongruent (CP & II and IP & CI) conditions, the patient and instrument for 

location A were included as unrelated patient and instrument for location B and vice versa. 

Therefore, the stimuli in congruent and incongruent conditions were cross-matched. Regarding 

the foils, one (e.g., ladle) was semantically related to the locations (kitchen) but was unrelated to 

the verb (cutting); the other foil (e.g., towel) was not semantically related to the location or verb. 

Inclusion of the semantically related foil was important to rule out the possibility that the eye 
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movements toward the related patients/instruments were due only to the presentation of the 

location picture. All stimuli are listed in the Appendix. 

The verb stimuli were digitally recorded in present progressive form by a female native 

speaker of American English. Then, each verb was trimmed using Goldwave (v.5.53). The mean 

length of auditory verb stimuli was 862.8ms with the range between 650 and 1082ms. Location 

scene pictures and patient and instrument object pictures were black and white line drawings that 

were chosen from normative data (Druks, 2000; Snodgrass & Vanderwart, 1980) or Internet 

searches. Visual complexity across location scene pictures and across object pictures was 

matched by ratings from an additional 10 participants (age and years of education matched to the 

experimental group; mean age=20.8 (sd=1.1) years and mean education=14.4 (sd=1.1) years). 

The definition of complexity used was “the amount of detail in each picture with regard to the 

lines that make up each picture” using a 5-point scale (1=very simple, 5=very complex). Four 

object pictures were located in each corner of the screen and the distribution of the location will 

be counter-balanced across trials. 

Procedures  

Each participant was seated in front of a 46″ computer monitor. The SensoMotoric 

Instruments (SMI) remote RED eyetracker with a sampling rate of 120Hz and a spatial resolution 

of less than 0.03° was located in front of the monitor at a 50” distance. The distance between the 

eyetracker and participants’ eyes was between 20-25 inches.  

After eye movement calibration, participants read instructions on the monitor and asked 

if they have questions. Instructions were as below: 

In this experiment, you will see cross-hair fixation followed by pictures on the 

screen and hear a word from the headphones. You are allowed to look at anything 

you want on the screen. After the picture and auditory presentations, you will be 

randomly asked whether the word you heard corresponds to the word on the 

screen. Please press a keyboard button to answer the question as soon as possible. 
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If the answer is yes, please press the ‘x’ key. If the answer is no, please press the 

‘z’ key. The pictures and words may be presented more than once.  

Now, please wear the headphones, and place your left hand on the keyboard and 

be ready to press the button.  

Six practice trials were given before the experimental trials. In total, each participant was 

presented with a total of 320 trials (40 experimental trials x 4 conditions with 160 foils). The 

experimental and foil trials were pseudo-randomly divided into 4 blocks. The number of 

experimental and foil trials were counter-balanced across blocks, and all trials in each block were 

presented in a random-order.  

During each trial, a cross-hair fixation appeared in order to begin the trial. Participants 

were asked to look at the fixation for 1 second to trigger the trial. Then, a picture of the location 

or a symbol screen appeared for 250ms (Biederman, Mezzanotte, & Rabinowitz, 1982; 

Biederman, Teitelbaum, & Mezzanotte, 1983; Chun, 2000). Then there was a black screen with a 

second fixation for 100ms. After that the auditory verb stimulus was presented simultaneously 

with four object pictures, which remained for 3 seconds on the screen. Lastly, a yes/no question 

was presented only after experimental trials. Example presentation in each condition is illustrated 

in Figure 2-1. The entire experimental duration was approximately an hour and three 5 minutes 

breaks were given between blocks. 
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Figure 2-1. Example set of cutting & kitchen context in each condition in experimental 

presentation. Note: NC=Neutral context, CC=Congruent context, CP & 

II=Congruent-patient and incongruent instrument, IP & CI=Incongruent-patient and 

congruent-instrument 

 

Statistical Analysis 

Total fixation time analysis: Each box at the corner of the screen was designated as an 

area of interest (AOI) to calculate fixation duration. Mean percentage of the total fixation time in 

each AOI was calculated across participants for each trial. Then, the mean percentages of each 

patient, instrument, foil1 and foil2 AOI were compared using a 4 (conditions) by 4 (pictures) 

repeated-measure ANOVA with Bonferroni post-hoc corrections. 
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Time course analysis: The mean percentages of fixation in each AOI were calculated 

across participants for each trial in each 100ms time-window. A 4 (pictures) by 30 (time 

windows) repeated-measure ANOVA was conducted in each condition with Sidak post-hoc tests.  

Results 

Total Fixation Time 

Results showed that there was a main effect of picture items [F(3, 37)=102.62, p=.000], 

but no main effect of condition [F(3, 37)=2.02, p=.128]. And interaction between condition and 

picture was not significant [F(3, 37)=.798, p=.621]. Across all conditions, instruments were 

looked at significantly longer than patients and foils regardless of whether the instruments were 

congruent to the location or not. The mean percentages of fixation time in each AOI in each 

condition are shown in Table 2-1.  

With comparisons between picture items in each condition, the NC conditions showed 

that instruments were looked at significantly longer than patients [t(39)=4.12, p=.001], foil 1 

[t(39)=9.66, p=.000] and foil 2 [t(39)=8.93, p=.000]. Patients were looked significantly longer 

than foil 1 [t(39)=3.48, p=.008] and foil 2 [t(39)=3.74, p=.004]. In the CC conditions, 

instruments were looked at significantly longer than patients [t(39)=4.07, p=.001], foil 1 

[t(39)=8.49, p=.000], and foil 2 [t(39)=7.73, p=.000]. Patients were looked at significantly longer 

than foil 1 [t(40)=4.14, p=.001] and foil 2 [t(40)=5.30, p=.000]. In the CP & II conditions, 

instruments were looked at significantly longer than patients [t(39)=3.05, p=.025], foil 1 

[t(39)=6.29, p=.000], and foil 2 [t(39)=5.91, p=.000]. Patients were looked at significantly longer 

than foil 1 [t(39)=3.99, p=.002] and foil 2 [t(39)=4.10, p=.001]. In the IP & CI conditions, 

instruments were looked at significantly longer than patients [t(39)=4.10, p=.001], foil 1 

[t(39)=8.36, p=.000] and foil 2 [t(39)=7.78, p=.000]. Patients were looked significantly longer 

than foil 2 [t(39)=3.36, p=.010] but not foil 1 [t(39)=2.69, p=.063].  
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With comparisons of each picture item across conditions, no AOI was significantly 

different across all four conditions (p>.05).  

Table 2-1. Mean (sd) proportions of total fixation time proportion (%) in younger participants. 

  Mean (sd) p-value 

   vs. I vs. Foil 1 vs. Foil 2  

Condition 1:  

Neutral condition (NC) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

15.03 (6.14) 

22.21 (6.24) 

10.72 (3.26) 

10.08 (4.22) 

.001 .008 

.000 

.004 

.000 

Condition 2: 

Congruent context condition 

(CC) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

15.06 (5.24) 

22.12 (7.25) 

10.13 (3.70) 

  9.61 (4.02) 

.001 .001 

.000 

.000 

.000 

Condition 3:  

Congruent-patient  

& Incongruent-instrument  

(CP & II) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

15.38 (4.62) 

19.67 (6.11) 

11.05 (3.67) 

10.90 (4.16) 

.025 .002 

.000 

.001 

.000 

Condition 4:  

Incongruent-patient  

& Congruent-instrument  

(IP & CI) 

Patient 

Instrument 

Foil 1 

Foil 2 

14.58 (6.53) 

22.19 (7.00) 

10.87 (3.54) 

10.14 (3.98) 

.001 .063 

.000 

.010 

.000 

Note: I=Instrument, Foil 1= semantically related to context, Foil 2= unrelated 

Time Course Analysis 

In the NC conditions, fixations on instruments became significantly greater than patients 

after 1500ms, foil 1 after 900ms, and foil 2 after 1000ms. Fixations on patients were significantly 

greater than foil 1 at 1200-1400ms and 2600-3000ms; and greater than foil 2 after 1200ms 

(p<.05 for all). 

In the CC conditions, fixations on instruments became significantly greater than patients 

after 1300ms, foil 1 after 1000ms, and foil 2 after 1000ms. Fixations on patients were 

significantly greater than foil 1 after 1400ms; and greater than foil 2 after 1000ms (p<.05 for all). 
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In the CP & II conditions, fixations on instruments became significantly greater than 

patients at 1300ms, 1800ms, 2100ms, and 2500-3000ms; greater than foil 1 after 1200ms, and 

foil 2 after 1100ms. Fixations on patients were significantly greater than foil 1 after 1800ms; and 

greater than foil 2 at 1400-1500ms and 1900-3000ms (p<.05 for all). 

In the IP & CI conditions, fixations on instruments became significantly greater than 

patients after 1500ms, foil 1 after 900ms, and foil 2 after 900ms. Fixations on patients were 

significantly greater than foil 1 at 1900-3000ms, 1100ms, 1400ms, and after 2400ms (p<.05 for 

all). 

Figure 2-1 shows AOI fixations at every 50ms time window in each condition.   

A.  

 
Figure 2-2. Fixation proportions of each AOI in each time window (100ms) in younger 

participants. A) Condition1: NC condition. B) Condition2: CC condition. C) 

Condition 3: CP & II condition. D) Condition 4: IC & CP condition. Note: 

I=Instrument, P=Patient, *p<.05 
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B.  

 
C.  

 
D.  

 
Figure 2-2.  Continued.  
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Interim Discussion 

With regard to RQ1, which compared verb-instrument and verb-patient associations, our 

hypothesis of stronger verb-instrument compared to verb-patient associations was supported by 

significantly longer fixations on instruments than patients in the NC and CC conditions. This 

finding supports Park and collegues’ results (Park et al., 2013). In their study, when highly-

related patients and instruments were preceded by verbs, longer fixations were observed in 

instruments as compared to patients. However, since the difference between patients and 

instruments in their study was not significant in total fixation, the significant results in the 

current study suggest a stronger association between verbs and instruments than verbs and 

patients. The difference between studies may be due to more sensitive AOIs in the current study. 

That is, in Park et al (2013) AOIs of pictures were located in each quadrant in a 2x2 array, which 

covered the entire computer screen. Therefore, it is possible that fixations in the center of the 

screen were included in the fixation calculations. In the current study the AOIs of the four 

pictures were located at the corner of the screen in a 3x3 array, and only the fixations 

intentionally fixated on in the AOIs were calculated. A re-analysis of Park et al. (2013) data and 

further studies may be able to support this hypothesis. 

For RQ2 and RQ3, we hypothesized that congruent context information would enhance 

activations of target instruments and/or patients compared to when no context or incongruent 

context was presented. Thus, we expected significantly longer fixations on both instruments and 

patients in the CC condition compared to the NC, and longer instrument fixations on the IP & CI 

condition and longer patient fixations on the CP & II condition. However, in all four conditions 

the fixation time proportion of patients and instruments was statistically the same across 

conditions, with significantly longer looking times for instruments in all conditions. 
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Although we did not find a total fixation time difference between patients and 

instruments across conditions, we found some subtle evidence of context effects in the time 

course analysis. First, the time when significantly different fixations between patients and 

instruments were facilitated in the CC condition was earlier (1200ms) than in the NC condition 

(1400ms). Considering the range of auditory verb presentation time was 650 to 1082ms in the 

CC condition, instruments were looked at significantly longer than patients shortly after the verb 

disappeared. This suggests that the congruent context sped up the selection of the target schema 

and guided participants to look at corresponding instruments. Thus, congruent context in younger 

adults may not largely affect the overall time of fixations on instruments, but it may influence 

speed of fixations toward instruments.   

Evidence of incongruent context effects was suggested by the results. Table 2-1 shows 

that overall fixation in each of the four AOIs was almost identical across the four conditions. 

However, there was some difference noted in the CP & II conditions, where the proportion of 

fixations in instruments (19.67%) was significantly smaller than the mean fixations of 

instruments in the three conditions that presented no context or congruent context to instruments 

(mean=22.18% of 22.21% in the NC, 22.12% in the CC and 22.19% in the IP & CI condition) 

[t(39)=-2.200, p=.034]. This difference was not significant in our ANOVA analysis may be 

because of Bonferroni corrections. This indicates that the instrument fixation was significantly 

reduced in condition 3 due to some degree of incongruent context effects on instruments.  

Time course analysis data also showed slightly facilitated patient fixations and decreased 

instrument fixations in the CP & II condition. The number of time windows that instruments 

were significantly longer fixated than patients was smaller in the CP & II compared to the CC 

condition. Also, the patient fixation slopes in other conditions seemed flat across 3 seconds, 
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whereas the patient fixations in the CP & II conditions slightly increased with time. Because the 

context was not congruent to instruments but congruent to patients in the CP & II conditions, it is 

possible that the incongruent context interferes with target instruments and reduced fixations, but 

the congruent context to patients somewhat facilitated target patients and increased fixations 

slightly.  

In addition, subtle evidence of incongruent context effects also appeared in the IP & CI 

conditions. Regarding total fixation times in the IP & CI conditions, instruments were looked at 

significantly longer than foil 1 and 2, but patients were looked at significantly longer than only 

foil 2 but not foil 1. Recall that our foil 1 items were semantically associated with location 

contexts but not with verbs. Therefore, it is not surprising that foil 1 could be looked at longer 

than foil 2 because it is primed by the context. However, because foil 1 is not primed by verbs or 

the context, it should be looked at less than patients and instruments. The fact that patients were 

looked at as much as foil 1 in the IP & CI condition indicates reduced patient association with 

verbs by incongruent context presentation. The time course analysis also shows a similar pattern.  

In sum, we found evidence to support stronger verb-instrument associations compared to 

verb-patient associations, similar to what was observed in Park et al. (2013). Although between-

condition comparisons did not support the proposition that context effects would highly activate 

target patients and instruments corresponding to the congruent context schema, there was 

evidence of sped time at which instruments were significantly longer fixated than patients. We 

also observed evidence of incongruent context effects with reduced fixations on the thematic role 

that is not congruent to the context as well as subtle increases in fixations on the thematic role 

congruent to the context. While the patterns observed in the time course analyses were subtle, it 
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is important to remember that the only difference across conditions was the context picture. Thus, 

the different patterns observed are likely due to the context.  

The next chapters investigate the same research questions we addressed here but with 

healthy older adults to investigate whether their semantic processing of verb-thematic role 

activations is different from younger participants.   
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CHAPTER 3 

CONTEXT EFECTS IN AGING 

Introduction 

We implemented the same described in Chapter 2 to a healthy older population to 

investigate whether constraining the context influences verb-to-thematic role filler activations in 

the same manner with an older group as compared to the younger group. There is no consensus 

on how to group older adults into different age classifications. Researchers commonly use the 

terminologies of ‘young-old,’ ‘old,’ ‘old-old,’ or ‘very old/oldest old,’ but the cut-off age varies 

in studies. However, the most common cut off for the ‘old’ group is age between 65 and 74, and 

the ‘old-old’ group is between ages 75 and 84, and ‘very old/oldest old’ is over 85 (Ferraro, 

1980; Rosenwaike, 1985; Suzman & Riley, 1985). In the current study, we included ‘old’ and 

‘old-old’ groups because these groups have shown significant language and cognitive declines 

compared to young adults (Faustmann, Murdoch, Finnigan, & Copland, 2007; Federmeier & 

Kutas, 2005; Lee & Federmeier, 2011). However, due to difficulty recruiting HOA participants 

in this limited age range, we expanded the age range to between 60 and 84 years.    

In Chapter 1, we reviewed three explanations for semantic processing differences 

observed in older adults: (1) greater language experience in older adults compared to young 

adults, (2) recourse limitation of working memory or processing speed, and (3) transmission 

deficit. Because there is no clear consensus that any of these hypotheses explains semantic 

processing in aging, it is our goal to find out whether there are differences across age groups and 

if so, which hypothesis may explain any observed difference. We have the same three research 

questions as in Chapter 2, and our hypotheses on each research question were driven by the 

aging models. 
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Research Questions (RQs) and Hypotheses. Specific research questions and hypotheses 

are addressed below.  

RQ1: Are verbs more strongly associated with either patients or instruments without 

context information? I.e., will fixation proportion in either patients or instruments be 

significantly greater in the NC condition?  

 

Hypothesis 1-1: If the greater language experience model or slower processing speed 

model is supported, as in Chapter 2 with young participants, fixation proportion for instruments 

will be significantly greater than for patients.  

 

Hypothesis 1-2: If the transmission deficit theory or working memory limitation model is 

supported, the fixation proportion in both patients and instruments will be reduced, and might 

even lose significant fixation differences between patients and instruments.  

 

RQ2: Will constraining context information increase the fixation proportion for patients 

and instruments compared to when no context is provided? I.e., will fixation proportion in 

patients and instruments in the CC condition be significantly greater than in the NC condition? 

 

Hypothesis 2-1: If the greater language experience model is supported, connections 

between verb and target fillers will be strongly activated by context information. Therefore as in 

Chapter 2 with younger participants, the target filler activations would be increased by the target 

schema. Therefore, fixation proportion in both instruments and patients in the CC condition 

would be significantly greater than in the NC condition. 

 

Hypothesis 2-2: If the slower speed model is supported, verb-target filler connections 

would be affected by context information as in Hypothesis 2-1. However, due to slower speed in 

processing this information, overall fixation time would be slowed in the CC compared to NC 

condition.  

 

Hypothesis 2-3: If the transmission deficit theory or working memory limitation model is 

supported, connections between verb, target fillers, and context would be weak or unable to be 

integrated. Therefore, context effects would be minimal or not observed. Therefore, fixation 

proportion in both instruments and patients in the CC condition would not be significantly 

greater than in the NC condition. 

 

RQ3: Will incongruent context information activate untargeted patient and instrument 

fillers and therefore reduce expectations of target patients and instruments that are presented? 

I.e., will fixation proportion in patients decrease from the CC to the IP & CI conditions and will 

fixation proportion in instruments decrease from CC to the CP & II conditions? 

 

Hypothesis 3-1: If the greater language experience model is supported, with the same 

reason in Hypothesis 2-1, the fixation proportion in both instruments and patients in the CC 

condition would be significantly greater than in the IP & CI and CP & II conditions, respectively. 
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Hypothesis 3-2: If the slower speed model is supported, verb-target filler connections 

would be affected by context information as in Hypothesis 3-1. However, due to slower speed in 

processing this information, significantly increased fixation time in the CC compared to the IP & 

CI and CP & II conditions would be delayed.  

 

Hypothesis 3-3: If the transmission deficit theory or working memory limitation model is 

supported, with the same reason in Hypothesis 2-3, fixation proportion in both instruments and 

patients in the CC condition would not be significantly greater than in the IP & CI and the CP & 

II conditions, respectively. 

 

Research questions and hypotheses depending on each model are summarized in Table 3-

1. 

Methods 

Participants  

Seventeen healthy older adult participants were recruited from the Gainesville, Florida 

community. Inclusion criteria were: (1) ages 60 to 84, (2) no history of brain injury or 

neurological disorder, (3) no history of learning disability, (4) no history of drug or alcohol 

addiction, (5) a native monolingual English speaker, (6) right-handed, and (7) normal vision with 

corrective lenses and hearing with hearing aids. All participants provided informed consent (UF 

IRB #201300670) and were compensated with a $5 Starbucks gift card. 

We included 8 male participants and 9 female participants. The mean of age was 67.35 

(sd=5.59) years old and education was 17.06 (SD=2.84) years. Individual participant’s 

demographic information and language/cognitive test scores are shown in Table 3-2.  
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Table 3-1. Summary of Research Questions and Hypotheses Based on Models of Language Processing in Aging  

 

Greater Experience Model Slower Processing Model 
Transmission Deficit Theory 

Working Memory Limitation  

 

RQ1. Patients  

vs. Instruments 

 

Instruments will be looked at 

significantly longer than patients. 

 

Instruments will be looked at 

significantly longer than patients. 

 

Instruments will be looked at longer but 

not significantly 

RQ2. Congruent context vs. 

No context 

Both patient and instrument fixation time 

will be longer in the CC than NC 

condition. 

Both patient and instrument fixation time 

will be longer in the CC than NC 

condition, but the patterns will appear 

later time. 

Patient and instrument fixation time in 

the CC will be similar to the NC 

condition. 

RQ3. Congruent context vs. 

Incongruent context 

Patient fixation time will be longer in the 

CC than IP & CI condition.  

 

 

Instrument fixation time will be longer 

in the CC than CP & II condition. 

Patient fixation time will be longer in the 

CC than IP & CI condition, but the 

patterns will appear later time.  

 

Instrument fixation time will be longer 

in the CC than CP & II condition, but the 

patterns will appear later time. 

Patient fixation time in the CC will be 

similar to the IP & CI condition.  

 

 

Instrument fixation time in the CC will 

be similar to the CP & II condition. 
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Language and Cognitive Tests 

We used the Cognitive Linguistic Quick Test (CLQT) (Helm-Estabrooks, 2001) as a 

cognitive and linguistic deficit screening test. The CLQT consists of 10 subtests which assess 

five cognitive domains: attention (e.g., symbol cancellation and symbol trails tests), memory 

(e.g., story retelling and design memory tests), executive functions (e.g., mazes and symbol trails 

tests), language (e.g., confrontation naming, story retelling, and generative naming tests), and 

visuospatial skills (e.g., symbol cancellation, clock drawing, and mazes).  

In addition to the screening tests, we measured language and cognitive processing more 

in depth with separate tests. We included two domains of language and cognitive tests: (1) 

semantic association tests and (2) short-term or working memory tests. This is, because (1) our 

study measures semantic association between verbs and thematic roles and therefore we needed 

to consider how well participants’ semantic processing is preserved, and (2) our study present 

sequential stimuli including a location context, verb, and four pictures, which requires short-term 

and working memory support to integrate and process all information.  

Semantic association tests include the Pyramids and Palm Trees (PPT) (D. Howard & 

Patterson, 1992) and Kissing and Dancing tests (KDT) (Bak & Hodges, 2003). The two tests 

require participants to choose semantic associations between words and pictures of nouns (PPT) 

and verbs (KDT). In both tests, three words or pictures are presented (one on top and two on the 

bottom), and the participants must choose which word/picture presented on the bottom (e.g., 

tongue and heart) is semantically related to the word/picture presented on top (e.g., stethoscope). 

We tested the two tests in the eye tracking setting.  
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Table 3-2. Demographic information and language and cognitive test scores 
 Sex Age 

(yrs) 

Edu 

(yrs) 

CLQT Semantic 

Association 

 STM / WM 

A M EF L VS 

 

O  PPT KDT Semantic 

STM % 

Digit spans 

F / B 

Symbol 

spans 

HOA01 F 71 16 4 4 4 4 4 4 . . 7   7 / 6 . 

HOA02 F 70 16 4 4 4 4 4 4 51 49 .   7 / 6 32 

HOA03 M 60 16 4 4 4 4 4 4 48* 51 7   7 / 6 24 

HOA04 F 65 18 4 4 4 4 4 4 48* 49 7   7 / 6 18 

HOA05 M 77 18 4 4 4 4 4 4 51 48 7   8 / 4 24 

HOA06 F 64 12 4 4 4 4 4 4 48* 48 7   6 / 4 23 

HOA07 M 72 18 4 4 4 4 4 4 45* 45* 7 10 / 8 20 

HOA08 M 70 13 4 4 4 4 4 4 51 46* 7 12 / 9 22 

HOA09 M 69 19 4 3 4 4 4 3.8 50 49 6.4   7 / 4 18 

HOA10 M 60 17 4 2 4 4 4 3.6 47* 48 7   8 / 6 17 

HOA11 M 61 25 4 4 4 4 4 4 50 48 7   7 / 7 27 

HOA12 F 65 16 4 4 4 4 4 4 50 50 7 10 / 9 24 

HOA13 F 64 16 4 4 4 4 4 4 49* 49 7   8 / 9 22 

HOA14 M 62 16 4 4 4 4 4 4 47* 44* 7   6 / 8 25 

HOA15 F 64 20 4 4 4 4 4 4 . . 7 12 / 9 33 

HOA16 F 75 18 4 4 4 4 4 4 51 49 7 14 / 9 17 

HOA17 

 

F 76 16 4 4 4 4 4 4 48* 46* 7 12 / 6 21 

Average M=8 

F=9 

67.35 

(5.59) 

17.06 

(2.84) 

4.0 

(0) 

3.82 

(.53) 

4.0 

(0) 

4.0 

(0) 

4.0 

(0) 

3.96 

(.11) 

48.93 

(1.83) 

47.93 

(1.91) 

7 

(0) 

8.71/6.82 

(2.47/1.85) 

22.94 

(4.77) 

A=Attention, M=Memory, EF=Executive Function, L=Language, VS=Visuospatial, O=Overall 

PPT=Pyramid and Palm Tree test, KDT=Kissing and Dancing Test, STM=Short-term memory, WM=Working memory 

*asterisk indicates scores below normal range.  

CLQT score: 4.0-3.5= within normal limit, 3.4-2.5=mild, 2.4-1.5=moderate, 1.4-1.0=severe.  

Normal range cutoff: PPT=50, KDT=48, Semantic STM=4.64, Digit span forward=5, Digit span backward=3, Symbol span=111  

                                                 
1 Control norm for dementia population (aged 55-75) in the subset of symbol span in Wechsler (1997)  
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Short-term and working memory tests included the forward and backward digit spans and 

the symbol spans from Wechsler Memory Scale (WMS-III) (Wechsler, 1997). Forward and 

backward digit spans tasks are commonly used to test working memory function. Participants 

were asked to repeat the several numbers with the same order (forward) or opposite order 

(backward). The symbol spans is similar to forward digit spans except it uses symbol deigns 

rather than numbers.  

The Semantic Short-term Memory Test (semantic probe subtest) (Kalinyak-Fliszar, 

Kohen, & Martin, 2011) was also included. In this test, participants listen to series of words and 

determine whether a probe word is in the same category of any of previously presented words for 

that series of words. Like span tests, the number of words increases from 1 word to 7 words. This 

test measures not only short term memory ability but also semantic association processing 

between concepts. 

Materials and Procedures  

 After receiving consent, all HOA participants were tested with vision and hearing 

screening tests. We showed participants several letters that are approximately the same font size 

of our stimuli in the experiment with the similar distance of participant to the computer screen, 

and asked them to read the letters with their glasses or contact lenses, if necessary. For the 

hearing screening, we played five recorded words with the similar volume of auditory stimuli in 

the experiment and semantic short-term memory test and asked participants to repeat the words 

they heard. Participants continued in the study if they were able to read and repeat all the letters 

and words. After these screening tests, we administered the CLQT. We only included 

participants whose overall CLQT score was within the normal range. All 17 participants passed 

the vision and hearing screening tests and the CLQT (see Table 3-1).   
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Next, participants were administered the experimental task. The materials and 

experimental procedures were the same as those used for the younger adults. After participants 

completed the experimental task, they finished the other language and cognitive tests. 

Participants received breaks between tests as needed or requested. The experiment and 

language/cognitive tests were completed in approximately 2.5 hours in one session.    

Statistical Analysis 

 Statistical analysis was the same as in Chapter 2.  

Results 

Total Fixation Time 

Results showed that there was a main effect of picture items [F(3, 37)=29.37, p=.000], 

but no main effect of condition [F(3, 37)=.315, p=.815]. And interaction between condition and 

picture was not significant [F(3, 37)=.581, p=.803]. The mean percentages of fixation time in 

each AOI in each condition are shown in Table 3-3.  

In the NC condition, the AOIs with the instruments were looked at significantly longer 

than foil 1 [t(39)=4.94, p=.000] and foil 2 [t(39)=6.10, p=.000], but not patients [(t(39)=2.10, 

p=.277). Patients were looked at significantly longer than foil 2 [t(39)=2.90, p=.034] but not foil 

1 [t(39)=2.47, p=.125]. In the CC condition, instruments were looked at significantly longer than 

foil 1 [t(39)=6.29, p=.000] and foil 2 [t(39)=5.79, p=.000], but not patients [t(39)=2.86, p=.119]. 

Patients were looked significantly longer than foil 2 [t(39)=4.33, p=.007] but not foil 1 

[t(39)=3.31, p=.106]. In the CP & II conditions, instruments were looked at significantly longer 

than patients [t(39)=3.25, p=.015], foil 1 [t(39)=3.86, p=.008], and foil 2 [t(39)=4.22, p=.001]. 

Patients were not looked at significantly longer than foil 1 [t(39)=1.43, p=1.000] and foil 2 

[t(39)=1.42, p=.653]. In the IP & CI conditions, instruments were looked at significantly longer 

than foil 1 [t(39)=5.72, p=.000], foil 2 [t(39)=5.56, p=.000], but not than patients [t(39)=3.12, 
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p=.100]. Patients were not looked at significantly longer than foil 1 [t(39)=1.58, p=.607] and foil 

2 [t(39)=1.92, p=.261].  

With comparisons of each picture across conditions, no picture was significantly different 

across all four conditions (p>.05).  

Table 3-3. Mean (sd) proportions of total fixation time in HOAs 

  Mean (sd) p-value 

   vs. I vs. Foil 1 vs. Foil 2  

Condition 1:  

Neutral condition (NC) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

10.12 (4.32) 

12.38 (4.28) 

  8.06 (3.01) 

  7.17 (3.25) 

.277   .125 

  .000 

 

.034 

.000 

Condition 2: 

Congruent context condition 

(CC) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

  9.76(3.17) 

12.18 (4.00) 

  7.97 (2.66) 

  7.30 (3.11) 

.119   .106 

  .000 

.007 

.000 

Condition 3:  

Congruent-patient  

& Incongruent-instrument  

(CP & II) 

Patient 

Instrument 

Foil 1 

Foil 2 

 

  9.38 (3.35) 

12.20 (4.60) 

  8.43 (0.40) 

  7.92 (3.12) 

.015 1.000 

  .008 

.653 

.001 

Condition 4:  

Incongruent-patient  

& Congruent-instrument  

(IP & CI) 

Patient 

Instrument 

Foil 1 

Foil 2 

  9.62 (3.88) 

12.16 (3.70) 

  8.04 (2.92) 

  7.95 (2.73) 

.100   .607 

  .000 

.261 

.000 

Note: I=Instrument, Foil 1=semantically related to context, Foil 2= unrelated 

Time Course Analysis 

In the NC condition, fixations on instruments became significantly greater than patients 

at 2000-2100ms, greater than foil 1 at 1000-2200ms, and greater than foil 2 at 1300ms, and 

1500-2500ms. Fixations on patients were not significantly greater than foil 1 at none of time 

windows; and foil 2 at 2200-2400ms (p<.05 for all). 

In the CC condition, fixations on instruments became significantly greater than patients at 

1900ms and 2100-2400ms; foil 1 at 1300-2800ms; and foil 2 after 1400ms. Fixations on patients 
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were significantly greater than foil 1 at 1300ms, and 1600-1700ms; and greater than foil 2 at 

1800-2100ms (p<.05 for all). 

In the CP & II condition, fixations on instruments became significantly greater than 

patients at 1100-1700ms; greater than foil 1 at 1100-1800ms and 2800ms; and foil 2 at 1000-

2200ms and 3000ms. Fixations on patients were not significantly greater than foil 1 neither foil 2 

in any time windows (p>.05 for all). 

In the IP & CI condition, fixations on instruments became significantly greater than 

patients at 1800ms; foil 1 at 1300-1400ms, 1800-2000ms, and 2300-2800ms; and foil 2 at 1200-

2800ms (except at 1400ms and 1700ms) (p<.05 for all). Fixations on patients were not 

significantly greater than foil 1 or foil 2 (p>.05 for all). 

Figure 2-1 showed AOI fixations in every 50ms time windows in each condition.   

A.  

 
Figure 3-1. Fixation proportions of each AOI in each time window (100ms) in HOAs. A) 

Condition1: NC condition. B) Condition2: CC condition. C) Condition 3: CP & II 

condition. D) Condition 4: IC & CP condition. Note: I=Instrument, P=Patient, *p<.05 
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B.  

 
C.  

 
D.  

 
Figure 3-1. Continued.  
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Interim Discussion 

In regard to RQ1, although we did not find significant differences in the patient and 

instrument fixation comparisons, the fact that instrument fixations but not patient fixations were 

significantly longer than foils may indirectly suggest stronger verb-instrument associations 

compared to verb-patient associations. Also, overall reduced thematic role fixations may indicate 

weakened semantic associations between verbs and thematic roles. That is, instruments were 

looked longer than patients but the difference was not significant. Also, instruments exhibited 

significantly longer fixations than the two types of foils. However, patients were not looked at 

longer than foil 1 (semantically related to context), suggesting that the semantic association 

between verbs and patients is not being responded to. 

Our hypotheses about congruent context effects compared to no context (RQ2) and 

incongruent context (RQ3) were not supported, as we did not find any significant differences in 

between-condition comparisons in the total fixation time analyses. However, the time course 

analyses provided conceivable evidence of context influencing eye movements. To discuss 

fixation patterns in each condition, we designated three time zones based on what we observed in 

approximately the time course results in HOAs. Unlike the time course results in younger adults 

where time windows that show instrument fixations were significantly greater than patients 

throughout the picture presentation after verb offset, those time windows in HOAs only appeared 

partially – those time windows in one condition appeared very early after verb offset and in some 

conditions appeared later time after verb offset. Therefore, to make interpretation simpler and 

more understandable, we divided the time course into three (700ms duration after verb offset). 

The first zone (zone 1) is from after the mean of verb presentation offset at 900ms to 1600ms; 

the second zone (zone 2) is from 1600ms to 2300ms; and the third zone (zone 3) is from 2300ms 

to 3000ms when the picture presentation ends. We will use these time zones to explain the 
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fixation patterns in this interim discussion and also to explain the mechanism of the patterns in 

the general discussion in Chapter 5. We acknowledge that using these time zones is somewhat 

arbitrary and is only for convenience of data interpretation. Our observation based on these time 

zones could be preliminary evidence for future studies that investigate the timeline of cognitive 

processing in language comprehension.   

For the context vs. no context effects (RQ2), the number of time windows that showed 

significant differences between patients and instruments increased with congruent context 

presentation (i.e., 200ms duration in the NC condition vs. 500ms duration in the CC condition). 

This suggests that the congruent context increased instrument fixation time. One interesting 

observation, however, between the NC and CC conditions is that the initial time when instrument 

fixations were significantly longer than the two types of foils was slower in the CC condition 

(1300ms with foil 1 and 1400ms with foil 2) than the NC condition (1000ms with foil 1 and 

1300ms with foil 2). Looking at graphs (a) and (b) in Figure 3-1, it is notable that the line 

indicating fixation on instruments in the NC condition started diverging from the patient and two 

foils in zone 1 (900-1600ms) and then it progressively increased. On the other hand, the line 

indicating instrument fixation in the CC condition was integrated with patient and foil fixations 

in the beginning in zone 1 and then it suddenly increased in the middle of zone 1 (at around 

1300ms). The pattern in the CC condition may be due to the additional processes integrating the 

location context into verb and thematic role concepts within the target schema. These additional 

processes might have slowed down fixations on the instruments. However, once the participants 

processed the context information, facilitation occurred from verbs and contexts to instruments. 

We will discuss more about the proposed mechanisms for this in the general discussion in 

Chapter 5. 
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For the incongruent context effects (RQ3), we interestingly found that context facilitated 

incongruent instrument fixations and decreased congruent instruments fixations, which is 

opposite to our hypothesis. In the total fixation time analysis, the patient-instrument difference 

was significant only in the CP & II conditions. That is, when context was congruent to patients, 

the verb-instrument association appeared to be boosted as evidenced by increased fixation time 

to instruments. A similar pattern was seen in Figure 3-1. Comparing graph b (CC condition) with 

c (CP & II conditions), instrument fixations were significantly longer than patients in most of 

zone 1 in in the CP & II conditions whereas no time window showed significant difference 

between instrument and patients in zone 1 in the CC condition. . However, in the beginning of 

zone 2 (at 1800ms) in the CP & II condition, instrument fixations decreased and became not 

significantly different from patients. Thus, when the location context was incongruent to 

instruments, it rather increased instrument fixations in the beginning, but decreased after certain 

amount of time. In this circumstance, patients did not receive the benefits of a congruent context. 

Patient fixations were almost identical to foil fixations, and none of the time windows showed 

significant differences between patients and foils (both foil 1 and 2).   

Similar to patients in the CP & II condition, instruments also showed a disadvantage of 

being congruent to context in the IP & CI conditions. Instruments were not looked at 

significantly longer than patients in zone 1, and they were looked at longer at only 100ms 

duration in zone 2. On the other hand, incongruent patients did not seem affected by context.    

To summarize, we found a tendency of stronger association between verbs and related 

instruments compared to verbs and related patients. Congruent contexts increased fixations on 

instruments compared to when no context was given, but the initial time when instrument 

fixations became significantly greater than foils was slowed. Incongruent contexts showed a 
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dissociated influence between patients and instruments. That is, context increased incongruent 

instrument fixations and decreased congruent instrument fixations, whereas patients were not 

affected by any type of context.  

Between older adult and younger adult groups, there were common and distinctive 

aspects in regard to verb-thematic role association and context effects. Both groups showed the 

pattern of stronger verb-instrument associations compared to verb-patients; however, this 

association was significantly shown in younger adults, but not in older adults. Context influenced 

eye movements in both the groups, but the aspects were different between the groups. The 

congruent context for both patients and instruments facilitated the initial time at which 

instrument fixations were significantly longer than patients or foils in younger adults, but it 

slowed facilitation in instruments older adults. Also, in younger adults, context decreased 

incongruent patient and instrument fixations, but in older adults it increased incongruent 

instruments with no affect either congruent or incongruent patients.  

The overall strength of verb-thematic role association appeared to be reduced in older 

adults compared to younger adults, because the significant difference between patients and 

instruments in younger adults disappeared in older adults. We will come back to discuss the 

possible mechanisms of verb-thematic role association reduction in Chapter 5. However, before 

such a discussion, we need to ensure that this difference is statistically significant. Therefore, in 

the next chapter, we evaluate mean difference comparisons between groups. In addition, we 

noticed that the total time fixation in each AOI was smaller in older adults as compared to 

younger adults. We also explore whether the total fixation proportion in older adults was 

significantly less than younger adults, and if so, why. Therefore, the number of fixations in each 

AOI (fixation counts) and the initial fixation time in each AOI (entry time) were analyzed.  
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CHAPTER 4 

VERB-THEMATIC ROLE ASSOCIATION AND CONTEXT EFFECT COMPARISONS  

BETWEEN THE TWO AGE GROUPS 

Introduction   

In Chapter 2 and 3, we investigated the strength of verb-thematic role association and 

how context affects processing for patient and instruments in a younger and older group. 

Although in Chapter 3 we described different fixation time patterns between the groups, we 

could not statistically support the difference. Therefore, the purpose of Chapter 4 is to investigate 

whether the difference between patient and instrument fixation proportion is significantly 

different between the groups. Additionally, we reported that older adults looked at AOIs less 

than younger adults. Therefore, another purpose is to find out whether the reduced fixations are 

significant, and if so, what caused this.  

With this purpose, we conducted additional analyses with the data we obtained in Chapter 

2 and 3: (1) mean total fixation time difference between AOIs between groups, (2) total fixation 

time proportion comparisons between groups, (3) total fixation count comparisons between 

groups, and (4) entry time comparisons between groups. The last two analyses were conducted to 

understand the reason for shorter fixation times in AOIs in older adults compared to younger 

adults, if any. That is, if a significantly reduced fixation is found in older adults, we will try to 

understand if their search pattern was different (e.g., whether they frequently moved fixations on 

each AOI or stayed in a few spots). An entry time analysis will show how fast eye gazes were 

fixated in AOIs, which would be related to speed of eye movements.   

Methods 

Statistical Analysis. For the mean difference (effect size) comparisons, we subtracted the 

total fixation time of one AOI from another AOI. For example, for patient vs. instrument 

comparisons, we subtracted fixation time of patients from fixation time of instruments. We 
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therefore calculated five pair comparisons: instrument vs. patient, instrument vs. foil 1, 

instrument vs. foil 2, patient vs. foil 1, and patient vs. foil 2. After calculations, we conducted a 

three-way ANOVA (age group x condition x pair comparison) with Bonferroni post-hoc tests.  

Total fixation time proportions in Chapter 2 and 3 were used for between group 

comparisons. A mixed-ANOVA test was also conducted for three-way comparisons (age group x 

condition x AOI) with Bonferroni post-hoc tests.  

Averages of total fixation count and entry time in each AOI were calculated by items 

(item-analysis). A three-way mixed-ANOVA (age group x condition x picture item) was 

conducted with Bonferroni post-hoc tests.  

Results 

Mean Difference Comparisons 

 The overall mean difference in younger adults was significantly greater than older adults 

[F(1, 1560)=150.394, p=.000]. The mean difference in each condition was significantly greater 

in younger participants than HOAs; and the mean difference of each AOI comparison was 

significantly greater in younger than HOAs. Table 4-1 shows the means (sd) and p-values.  

Specifically, in all conditions except the CP & II, the mean difference was significant in 

instrument vs. patient, instrument vs. foil 1, and instrument vs. foil 2, but not in patient vs. foil 1 

and patient vs. foil 2. In the CP & II condition, the mean difference was significant in instrument 

vs. foil 1, instrument vs. foil 2, and patient vs. foil 1, but not in instrument vs. patient and patient 

vs. foil 2. See Table 4-1.  
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Table 4-1. Total fixation time proportion differences between AOIs in conditions between 

groups  

  Younger  HOA t(df), p-value 

Condition 1: 

Neutral 

I vs. P   7.18 (11.02) 2.26 (6.94) t(39)=2.95,   p=.003 

I vs. Foil 1 11.50 (7.52) 4.32 (5.80) t(39)=4.30,   p=.000 

I vs. Foil 2 12.15 (8.59) 5.21 (5.70) t(39)=4.15,   p=.000 

P vs. Foil 1   4.32 (7.86) 2.06 (5.41) t(39)=1.35,   p=.177 

P vs. Foil 2   4.97 (8.39) 2.95 (6.37) t(39)=1.21,   p=.228 

Mean 

 

  8.02 (9.27) 3.36 (6.13) t(39)=3.48,   p=.000 

Condition 2:  

Congruent Context 

I vs. P   7.04 (10.91) 2.42 (6.30) t(39)=2.77,   p=.006 

I vs. Foil 1 12.02 (8.89) 4.21 (5.12) t(39)=4.67,   p=.000 

I vs. Foil 2 12.54 (10.20) 4.88 (6.18) t(39)=4.59,   p=.000 

P vs. Foil 1   4.98 (7.55) 1.79 (4.57) t(39)=1.91,   p=.057 

P vs. Foil 2   5.50 (6.49) 2.46 (4.45) t(39)=1.82,   p=.069 

Mean 

 

  8.42 (9.44) 3.15 (5.44) t(39)=7.05,   p=.000 

Condition 3: 

Congruent-Patient  

& Incongruent-Instrument 

I vs. P   4.26 (8.84) 2.82 (5.49) t(39)=0.86,   p=.389 

I vs. Foil 1   8.60 (8.60) 3.77 (6.93) t(39)=2.89,   p=.004 

I vs. Foil 2   8.74 (9.31) 4.28 (6.66) t(39)=2.67,   p=.008 

P vs. Foil 1   4.35 (6.86)   .96 (5.17) t(39)=2.03,   p=.042 

P vs. Foil 2   4.49 (6.90) 1.47 (5.64) t(39)=1.81,   p=.071 

Mean 

 

  6.09 (8.36) 2.66 (6.09) t(39)=4.59,   p=.000 

Condition 4: 

Incongruent-Patient  

& Congruent-Instrument 

I vs. P   7.65 (11.68) 2.54 (6.43) t(39)=3.06,   p=.002 

I vs. Foil 1 11.28 (8.60) 4.12 (4.87) t(39)=4.29,   p=.000 

I vs. Foil 2 12.02 (9.80) 4.21 (5.18) t(39)=4.67,   p=.000 

P vs. Foil 1   3.63 (8.70) 1.58 (5.94) t(39)=1.23,   p=.219 

P vs. Foil 2   4.37 (8.30) 1.67 (5.05) t(39)=1.62,   p=.106 

Mean 

 

  7.79 (10.01) 2.82 (5.59) t(39)=6.65,   p=.000 

Across Conditions I vs. P 6.53 (10.65) 2.51 (6.26) t(39)=4.82,   p=.000 

 I vs. Foil 1 10.85 (8.44) 4.11 (5.66) t(39)=8.08,   p=.000 

 I vs. Foil 2 11.36 (9.53) 4.65 (5.91) t(39)=8.04,   p=.000 

 P vs. Foil 1 4.32 (7.71) 1.60 (5.26) t(39)=3.26,   p=.001 

 P vs. Foil 2 4.83 (7.51) 2.14 (5.41) t(39)=3.23,   p=.001 

 Mean 7.58 (9.31) 3.00 (5.82) t(39)=12.28, p=.000 
Note: I=Instrument, P=Patient, Foil 1=semantically related to context, Foil 2=unrelated 

Total Fixation Time Comparisons 

There was a main effect of group [F(1, 1248)=403.997, p=.000]; overall total fixation 

time in younger adults 14.36% (6.85) was significantly longer than in HOAs 9.41% (3.92). In all 

conditions, fixation time was significantly longer in younger than in older adults. Also, in all 
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AOIs, fixation time was significantly longer in younger compared to older adults. Table 4-2 

shows total fixation times in each condition and each picture item. In three way comparisons, 

total fixation times in younger participants compared to HOAs were significantly longer in all 

pictures in all conditions (p<.05 for all). 

Table 4-2. Total fixation time proportion comparisons in conditions between groups 

  Younger HOA t(df), p-value 

Condition 1: 

Neutral 

Patient 15.04 (6.16) 10.12 (4.32) t(39)=5.28,   p=.000 

Instrument 22.22 (6.23) 12.38 (4.28) t(39)=9.92,   p=.000 

Foil 1 10.72 (3.26)   8.06 (3.01) t(39)=3.24,   p=.007 

Foil 2 10.07 (4.22)   7.17 (3.25) t(39)=3.51,   p=.003 

Mean 

 

14.51 (7.03)   9.44 (4.24) t(39)=10.98, p=.000 

Condition 2:  

Congruent Context 

Patient 15.11 (3.69)   9.76 (3.17) t(39)=5.62,   p=.000 

Instrument 22.15 (4.23) 12.18 (4.00) t(39)=9.37,   p=.000 

Foil 1 10.14 (3.69)   7.97 (2.66) t(39)=3.05,   p=.028 

Foil 2   9.61 (4.03)   7.30 (3.11) t(39)=2.99,   p=.019 

Mean 

 

14.25 (7.23)   9.31 (3.76) t(39)=10.52, p=.000 

Condition 3: 

Congruent-Patient  

& Incongruent-Instrument 

Patient 15.39 (4.61)   9.38 (3.35) t(39)=6.61,   p=.000 

Instrument 19.65 (6.04) 12.20 (4.60) t(39)=7.65,   p=.000 

Foil 1 11.04 (3.67)   8.43 (3.40) t(39)=3.43,   p=.008 

Foil 2 10.91 (4.15)   7.92 (3.12) t(39)=3.49,   p=.002 

Mean 

 

14.25 (5.89)   9.48 (3.99) t(39)=10.59, p=.000 

Condition 4: 

Incongruent-Patient  

& Congruent-Instrument 

Patient 14.53 (6.48)   9.62 (3.88) t(39)=5.77,   p=.000 

Instrument 22.17 (7.00) 12.16 (3.70) t(39)=9.92,   p=.000 

Foil 1 10.89 (3.57)   8.04 (2.92) t(39)=3.50,   p=.004 

Foil 2 10.16 (3.96)   7.95 (2.73) t(39)=2.86,   p=.025 

Mean 

 

14.44 (7.22)   9.44 (3.73) t(39)=11.03, p=.000 

Across Conditions Patient 15.02 (5.62)   9.72 (3.68) t(39)=11.64, p=.000 

 Instrument 21.55 (6.66) 12.23 (4.12) t(39)=18.44, p=.000 

 Foil 1 10.70 (3.54)   8.13 (2.99) t(39)=6.61,   p=.000 

 Foil 2 10.19 (4.08)   7.59 (3.05) t(39)=6.42,   p=.000 

 Mean 14.36 (6.85)   9.42 (3.92) t(39)=21.56, p=.000 
 Note: Foil 1=semantically related to context, Foil 2=unrelated 

Fixation Count Average Comparisons  

The overall fixation count average was significantly greater in younger adults than in 

older adults [t(39)=19.09, p=.000]. The mean (sd) in younger participants was 2.13 (.88) and in 
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HOAs was 1.52 (.55). Figure 4-1 illustrates total fixation counts in each AOI in each age group. 

Fixation counts on all AOIs were significantly greater in younger compared to older adults 

(p=.000 for all). Further in three way comparisons between groups in each AOI in each condition, 

fixation counts in younger participants were significantly greater than HOAs in all comparisons 

(p<.05 for all) except for foil 1 in the CC condition (p=.144) and in the CP & II condition 

(p=.057), and foil 2 in the CC condition (p=.059) and in the IP & CI condition (p=.087).  

 
Figure 4-1. Fixation count averages in each AOI between groups. ***p<.001 

 

Entry Time Average Comparisons  

The overall entry time between groups was significantly faster in younger adults than in 

older adults [t(39)=3.15, p=.002]. The overall mean (sd) entry time in younger participants was 

1097.63ms (373.96) and in HOAs was 1158.30ms (308.07). Between AOIs, entry time of 

instruments in younger participants was only significantly faster than HOA’s [t(39)=2.00, 

p=.046]. The significance of difference was marginal in patients between the groups [t(39)=1.93, 

p=.054].  
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Further three-way comparisons between groups in each picture item in each condition 

were not significant in any comparisons (p>.05 for all). Figure 4-2 shows entry times of each 

AOI in both age groups. 

 
Figure 4-2. Entry time in each AOI between groups. *p<.05 

 

Interim Discussion 

The mean difference comparisons showed significant group differences. First, mean 

differences of instruments vs. patients in all four conditions were significantly longer in younger 

adults compared to older adults. Therefore, although both younger and older participants fixated 

on instruments more than patients when related verbs are presented, this preference toward 

instruments was significantly greater in younger compared to older adults.  

Mean difference between instruments and foils was reduced with aging, but the mean 

difference between patients and foils was not. That is, the mean difference between instruments 

and foil1 or 2 was significantly greater in younger than older adults in all conditions. On the 

other hand, the mean difference between patients vs. foil1 or 2 in younger adults was not 

significantly different from older adults across all conditions except in the CP & II condition. 
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This suggests that the reduced difference size in instruments vs. patients in older adults 

compared to younger adults was due to a decline of verb-instrument association in older adults.  

Decreased strength in the verb-instrument connection in aging may indicate some degree 

of semantic changes with aging. It might be due to semantic representation decline (storage 

deficits) or semantic access difficulty (access deficits). And whatever the cause of the semantic 

changes, it might be related to the unexpected incongruent context effects observed in older 

adults. We will discuss more about this possibility in Chapter 5.  

Second, we confirmed that reduced total fixation time proportions on AOIs in older 

adults were significant compared to younger adults. The additional analysis of fixation counts 

and entry time also showed that older adults fixated in AOIs fewer times and more slowly than 

younger adults. These results indicate that older adults looked at AOIs for a shorter time than 

younger adults, because they fixated on the AOIs fewer times. To determine what older adults 

were looking at, we calculated fixation time proportion and fixation counts in non-AOI areas. 

Fixation time in non-AOIs in older adult was 17.12% (3.26), which was significantly longer than 

in younger adults (mean=14.99% , sd=2.22). Fixation count in non-AOI in older adults was 2.85 

(.58), which was also significantly greater than in younger adults (mean=2.31, sd=.31). Spending 

more time looking at non-AOI areas might be due, in part, to slower eye movements toward 

AOIs, which is supported by their delayed entry time data. 

Munoz et al. (1998) reported that the time to onset of eye movements in healthy older 

adults (60-79 years of age) was slower than other age groups (young children and young adults), 

which may reflect nervous system degeneration, which might explain our shorter fixations and 

slower entry time. Another purpose of our additional eye movement analysis was to rule out 

atypical eye movement patterns such as constant moving around AOIs and fixating very shortly, 
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which might indicate cognitive impairment (Müller, Richter, Weisbrod, & Klingberg, 1991). 

However, we did not find any evidence of these atypical patterns in our participants. 
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CHAPTER 5 

GENERAL DISCUSSION  

 The current study investigated whether there is a difference in how patient and instrument 

thematic roles are semantically associated with verbs. In order to investigate this research 

question, we used an eye tracking methodology and compared which thematic role pictures 

participants looked at longer. Further, we also included location pictures as context information 

to activate a specific schema and constrain non-target thematic role fillers. We manipulated 

congruency of context to measure the context effects as well. We conducted the same experiment 

with two different age groups (younger adults and healthy older adults) to explore how eye 

movements in the two groups may be different and what they might reveal about the semantic 

relationships between verbs and related instruments and patients with aging.   

 Our results suggested significantly stronger verb-instrument associations compared to 

verb-patient associations in younger adults. This pattern was similarly shown in older adults, but 

the tendency was significantly reduced in older adults. Context did not successfully activate the 

target schema and contribute to increasing the likelihood of looking at target fillers, because total 

fixation times in patients and instruments were statistically the same regardless of the type of 

context in both age groups. However, we observed that context somewhat facilitated congruent 

patients and instruments in younger adults, but suppressed instruments in older adults. On the 

other hand, patients were not in older adults affected because of their weak association with 

verbs.  

 In the current study, we have three main topics (1) verb and thematic role comparison, (2) 

context effects, and (3) semantic processing changes in aging. In this chapter, we will discuss 

each topic and attempt to describe possible mechanisms of semantic processing in relation to our 

questions.  
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Verb and Thematic Role Comparison 

Our findings suggest that there is a stronger association between verbs and related 

instruments as compared to verbs and related patients, and this pattern was similar in both age 

groups. In younger adults, instrument fixations were significantly longer than patient fixations 

not only when there was no context or a congruent instrument context but also when there was 

an incongruent instrument context presented prior to verb-thematic role presentation. In older 

adults, the pattern of longer fixations on instruments than patients was observed, but the 

difference between instruments and patients was not significant. Even though there was not a 

significant difference between patients and instruments in the older group, instrument fixations 

were significantly longer than the two types of foils regardless of context manipulation, whereas 

patient fixations were not significantly longer than foil 1, which was semantically related to the 

context (though patients were significantly longer than unrelated foil 2). These findings suggest 

that the patient association with verbs is weakened as much as foil association with verbs, 

whereas the verb-instrument association is stronger than the verb-foil association.  

The finding of a stronger verb-instrument association compared to verb-patient 

association may be explained by a difference in the nature of relationships between verbs and the 

different thematic roles. We discussed in Chapter 1 about how instruments were attached to 

verbs by their meanings such that concepts of instruments fill the meaning of verbs in sentences, 

and semantic features of instruments were overlapped with concepts of verbs. In addition, a 

smaller number of possible instruments for individual verbs increase the likelihood of co-

activation so that repeated activation between the specific instrument and a verb makes their 

connections strong. That is, although both patients and instruments are related with verbs in 

frequency usages and schema-based activations, instruments are additionally conceptually 
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attached to the meaning of related verbs. These characteristics privilege instruments to be highly 

activated by verb.   

In the current study, we selected both patients and instrument to be highly associated with 

verbs based on commonness questionnaire norms. However, in addition to high degree of 

association, instruments were conceptually tightly interconnected with verbs. Further, the current 

study only included transitive actions verbs. Our instruments were not limited to tool objects but 

also included non-manipulable objects (e.g., doctor’s mask for covering). We did not measure 

semantic features of our instruments and verbs; however, intuitively most instruments were 

specified to perform the purpose of verb actions (e.g., doctor’s mask is to cover doctor’s mouth, 

a bat is to hit a baseball). Therefore, semantic feature activation might also be one of the factors 

increasing instrument fixations in the current study.  

Context Effects 

Context effects in the current study were investigated in two ways: (1) the congruent 

context condition was compared to the no context condition, and (2) the congruent context 

condition was compared to the incongruent context conditions. However, by comparing between 

conditions, we did not find a significant main effect of context on eye movements toward 

thematic roles, although we did find subtle evidence of context influence mostly in the time 

course analyses.  

Methodological Differences 

We may have only found a small degree of context effects compared to previous studies 

(Binder, 2003; Binder & Morris, 1995; Binder & Rayner, 1998; Federmeier & Kutas, 2005; 

Federmeier et al., 2002; Rayner et al., 1999) due to differences in methodologies: (1) picture 

presentation of context vs. language context, (2) single word level concept comprehension vs. 

sentences or passages, and (3) implicit vs. explicit task.  
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One of the differences of our study compared to other studies is that we used location 

scenes to prime to activate target schemas whereas the other studies used contents of sentences 

or passages. Therefore, it might be argued that participants did not process the context pictures 

sufficiently for priming. However, we presented the location scene for 250ms with a 100ms 

mask. According to Biederman et al. (1982), people can recognize a visual scene that is 

presented as quickly as 150ms, and our scene pictures were not as complex as Biederman and 

colleagues’ pictures. Further, we tested a few students in our lab to determine if the location 

scenes were recognizable during presentation, and the students named all locations correctly.  

In the current study, we included two primes: location scenes and verbs. Therefore, to 

activate the target schema and target thematic role fillers, the two types of primes needed to build 

on each other. Additive priming effects with multiple primes has been suggested by Khader, 

Scherag, Streb, and Rösler (2003) who reported faster response times when two nouns prime 

related verbs compare to when a single noun primes verbs (see also Balota & Paul, 1996 for 

similar findings). In contrast, Herlofsky and Edmonds (2012) did not find evidence for additive 

priming when they presented two types of thematic roles (agent and patient) as primes for verb 

targets. On lexical decision for the target verb, participants were not faster with two related noun 

primes as compared to one related noun prime directly preceding the verb. The difference 

between the two studies was that Herlofsky & Edmonds used a lexical decision task in order to 

reduce attentional processes rather than a relatedness decision task, which is considered more 

attentional task. Balota and Paul (1996) suggested that attentional processing benefits additive 

priming effects; therefore, this might explain the lack of additive effect in Herlofsky & Edmonds. 

The current study was aimed to measure automatic semantic activations between verbs and 

thematic roles. Therefore, we did not use an explicit task but asked participants to answer 
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whether the currently presented verb was the same as the previously presented verbs. It is 

possible that participants did not necessarily integrate the two primes to activate corresponding 

schemas to perform the implicit task.  

Similarly, previous studies investigating context effects used tasks such as short passages 

(Binder, 2003; Binder & Morris, 1995) or sentences (Binder & Rayner, 1998) with a 

comprehension task which also recruited attentional processes. In the current study, we used 

single word level concepts with no explicit task, which does not ask participants to integrate 

semantic information of the sequentially presented stimuli (i.e., location, verb, and thematic noun 

pictures). Without integration enforcement, the semantic information related to the location may 

decay rapidly and therefore does not significantly influence thematic role activations. 

Sanford and Garrod (1981) claimed that once a schema is activated, default items fill each 

thematic role, and these initially activated defaults always fill the thematic roles unless other 

strongly biased contextual information is driven. Our experiment was aimed at switching the 

default items to our targeted patients and instruments by presenting a location context. However, 

our findings suggest that locations were very weakly effective, perhaps because there was not an 

explicit task to activate targets at a single word level. This may indicate that verbs and their 

default items are very tightly associated and not switched to other items unless a strong 

attentional task is provided such as passage comprehension task or semantic relatedness 

judgment task.     

Evidence of Context Effects 

 Although we did not find significant context effects, we reported a number of fixation 

patterns that might be conceivable evidence of context effects. Also, we found evidence that 

context effects impact the age groups differently.  
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 In younger adults, a congruent context enhances verb association with the congruent 

thematic role. When congruent context both to patients and instruments was presented compared 

to no context was given, the initial time at which instrument fixations were significantly longer 

than patients was faster. This may suggest that the congruent context evoked the target schema, 

and instruments within the schema were quickly determined.  

 On the other hand, when context was incongruent to one of the thematic roles (i.e., 

incongruent context conditions), the amount of time of thematic role fixations was different. 

When context was only congruent to patients but incongruent to instruments, the total fixation 

time of instruments was reduced compared to other conditions, where context was congruent to 

instruments. Also, there were fewer time windows at which instrument fixations were 

significantly longer than patients. Because context was congruent to patients, patient fixations 

seemed somewhat increased, but this increase was very subtle. When context was congruent to 

instruments but not to patients, the total fixation time of patients was reduced to be statistically 

same as foils that were semantically related to context. These pieces of evidence may support our 

hypotheses that context information subtly activates the target schema and its corresponding 

patients and instruments.  

Older adults, however, showed that context influences eye movements, but in a pattern 

that contrasted with the pattern in younger adults. When the context was congruent to both 

patients and instruments as compared to no context, the number of time windows at which 

instrument fixations were significantly longer than patients increased; however, the initial time at 

which instrument fixations were significantly longer than foils was slowed. On the other hand, 

when context was congruent to patients but incongruent to instruments, patient fixations were 

reduced and instrument fixations increased in the beginning of time course. Context congruent to 
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instruments but not patients decreased instrument fixations but did not influence patient fixations. 

The evidence that context decreases the congruent thematic role and increases the incongruent 

thematic role is the opposite pattern of the more expected results seen in the younger adults. 

Semantic Processing Changes in Aging 

 In addition to the pattern differences related to context manipulation between the two age 

groups described above, we also showed that the fixation differences between patients and 

instruments as well as the differences between patients and foils were not significant in older 

adults, which were significantly different in younger adults. Further, we calculated a mean 

difference analysis to determine which picture differences were significantly reduced in aging. 

The significant reduction in older adults compared to younger adults was shown between 

instruments vs. patients and between instruments vs. foils, but not between patients vs. foils. This 

indicates that the reduced difference between instruments and patients in aging was due to a 

greater reduction in instrument fixations than patients. However, it may be that the strength of 

the verb-patient association was already weak in younger adults; thus, even a small degree of 

decrease in the verb-patient association caused patients to be statistically the same as foils (i.e., 

floor effects) in older adults. Also, more importantly compared to foils in HOAs, instruments 

were looked at significantly more than two types of foils, but patients were looked at statistically 

the same as the foil that are semantically related to context. This indicates that patients were only 

activated by context but not by verbs.   

Both reduced semantic strength of the verb-instrument relationship, and the opposite 

fixation patterns responding to context effects in older adults compared to younger adults may 

indicate some degree of semantic processing changes in aging. In Chapter 1 and 3, we introduced 

three semantic models in aging and hypotheses based on each model: (1) greater language 
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experience, (2) resource limitation including working memory and speed, and (3) transmission 

deficit. With our current results, we rule out the greater language experience model because there 

was no indicator of patients or instruments being hyper-related with verbs and/or location 

contexts. We rather found overall reduced verb-thematic role association in older adults. The 

resource limitation theory may partially explain the results. Slow speed might also explain 

overall reduced fixations on thematic roles because it might be due to slow language/cognitive 

processing speed in HOAs. This theory is also related with their slowed entry fixation time in 

AOIs, as well as the slower initial time at which instrument fixations were significantly longer 

than patients in the congruent context condition compared to the neutral condition, because this 

slowed processing in fact increased a number of time windows where instrument fixations were 

significantly longer than patients. However, we did not find any other delayed fixation patterns 

in other conditions or overall slowness. This model also does not explain the fixation patterns in 

the incongruent context conditions in older adults. 

Both the working memory limitation model and transmission deficit theory model 

explain no significant context effects and reduced fixations on thematic roles compared to 

younger adults because of difficulty with integration of the information to activate the target 

schema for 3 seconds in the working memory limitation model but due to reduced connections 

between concepts in the transmission deficit theory. However, the working memory deficit 

model does not explain the disadvantage in fixations by congruent vs. incongruent context. 

Moreover, working memory ability in all HOA participants were within the normal range based 

on the digit spans and symbol spans and the semantic short-term memory tests (see Table 3-2).  

On the other hand, the transmission deficit theory could explain our results, because this 

theory argues that age weakens strength of linkage between concepts (MacKay & Burke, 1990). 
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This explains reduced fixations on thematic roles because it suggests loosened connections 

between verbs and thematic roles. In addition, although this theory does not specifically compare 

verb-patient association reduction to verb-instrument association reduction in aging, it helps us 

to explain the reduced fixations of patients with simultaneous verb presentation. In Chapter 1, we 

discussed that individual instruments are conceptually intertwined with a related verb’s meaning 

in addition to  instruments having schema based activations with their related verbs, while 

patients only have schemas based activations to related verbs. Therefore, we speculate that their 

different semantic characteristics may have impacted the degree of semantic association 

reduction between verbs and patients. It has been known that semantic concept knowledge itself 

does not decline in aging but rather increases with richer experiences compared to younger adults 

(Verhaeghen, 2003; Ackerman & Rolftus, 1999). Thus, semantic concept based-associations (i.e., 

semantic features) between verbs and related instruments is relatively preserved compared to the 

purely activation linkage-based association (i.e., frequency of usage) in verbs and related patients.  

As previously discussed, the transmission deficit theory is also supported by 

neurobiological changes in healthy aged brains, and synaptic depression and refractory effects 

caused by neuronal changes may explain the negative incongruent context effects. A healthy 

brain is vulnerable with aging for volume loss (atrophy) (Jiang et al., 2014) and decreased 

neuronal connections and neurotransmission (Samorajski, 1977). Reduced neurotransmission not 

only affects information transferability and activations  between concepts but also reduces 

synaptic depression. Synaptic depression is a reduced responsiveness of neurons shortly after 

they fired, and neurotransmitters such as acetylcholine improve ongoing neural activities and 

reduce synaptic depression. Therefore, a decrease in the neurotransmitters would increase 

synaptic depression across semantically related items, which is sensitive to presentation rate and 
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repetition. This synaptic depression may cause refractory effects that are inconsistent with lexical 

retrieval errors when stimuli are repeatedly presented as targets and distracters over a number of 

cycles (Jefferies et al., 2007). However, Gardner et al. (2012) reported that refractory effects 

were also present in various non-verbal tasks in stoke patients with aphasia.  

Although this refractory effect caused by synaptic depression has been investigated with 

clinical populations, the prefrontal lobe is one of the areas that Lambon Ralph and colleagues 

reported to be responsible for semantic control (Gardner et al., 2012; Jefferies & Lambon Ralph, 

2006), which is also one of the most vulnerable areas for the changes (Jiang et al., 2014). 

Therefore, although older adults’ behavioral outcomes in cognitive tests were mostly within a 

normal range, it may be possible that semantic processing might have been impacted by 

normally occurring neuronal changes.  

In the research questions about context effects we reported (1) slowed fixation in 

instruments and (2) negative incongruent context effects on instruments. First, the collapsed 

instrument fixations in the beginning of time course in the congruent context condition may be 

explained by synaptic depression. When no context is presented, verbs are only activated with 

thematic roles (patients and instruments). Therefore, once the connections fire, synaptic 

depression may occur but quickly resolves between trials. On the other hand, when a congruent 

context is presented prior to verb and thematic roles, the location concept activates along with 

the related verbs along with the corresponding thematic role items in the schema. Due to the 

activation of many semantically related concepts, there is a slowed fixation response to the target 

thematic role pictures, as the thematic roles are temporary suppressed due to synaptic depression. 

The instrument fixation collapse in the beginning of the time course in the congruent context 

condition may reflect that synaptic depression. Once synaptic depression is resolved (after 



 

86 

around 1300ms), instruments re-obtain connections with verbs and location context. Therefore, 

instrument fixations become significantly longer than patients, and more time windows showed 

significantly greater fixations than patients (500ms duration) compared to no context was given 

(200ms duration). We are aware that the initial time at which instrument fixations were 

significantly longer than patients was similar in the congruent condition (1900ms) to the neutral 

condition (2000ms). However, the insignificant differences between patients and instruments in 

the beginning of the time course in the neutral condition were insignificant mainly due to a large 

number of Bonferroni corrections (4 AOIs by 61 time points). Considering the error bars in the 

Figure 3-1 (a), the patients and instruments became separated at around 900ms. On the other 

hand, the patient and instrument fixations in the beginning time course in the congruent context 

condition were almost identical until around 1300ms. In addition, in the neutral condition, 

instrument fixations became significantly greater than foils in earlier time (at around 1000ms), 

whereas in the congruent context condition, instrument fixations were not even statistically 

different from foils until they start separating from patient fixations (at around 1300ms). Thus, 

this demonstrates collapsed instrument fixations in the beginning of time course and their slowed 

time of instrument fixation increase, supporting the synaptic depression effects.   

Repetitive presentation and fast rate are the key factors causing refractory effects 

(Jefferies et al., 2007). In the current study, the stimulus pictures were presented in four 

conditions, and target and distractors were interchanged between conditions (e.g., onion is a 

target with a kitchen context in the CP & II condition, but is a distractor with a barber shop 

context in the IP & CI condition). Also, we have very fast presentation time for each stimulus 

(250ms for location context, 800ms for verb, 3000ms for patients and instruments). 
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Refractory effects by synaptic depression could also explain the fixation patterns in the 

incongruent context conditions. When context is congruent to patients but not instruments, 

because instruments are not related with context but related with verbs, instruments are not 

suppressed by context and remain connected with verbs. After the synaptic depression is 

resolved (at around 1800ms) and context properly corresponds with thematic roles, instrument 

fixations decrease because they are not the target instruments in the location schema. On the 

other hand, when context is congruent to instruments but not patients, instrument fixations 

decrease in the beginning time course with the same mechanisms we described above, and 

therefore the difference between instruments and patients in those time windows are not 

significant (until at 1750ms). In later time windows after the depression resolved, instruments 

were fixated longer than patients.  

However, interestingly, this negative incongruent context effects does not seem to impact 

patient fixations. Although the patient fixations increase slightly later in the time course analysis 

when context was congruent to patients, their fixations were still shorter than instrument 

fixations and not significantly longer than the two types of foils. When context was incongruent 

to patients, we also did not find a particular pattern of increased or decreased patient fixations.   

This dissociation could be due to generally weakened association between verbs and 

patients. We know from our findings with younger adults that there is facilitation to patients and 

instruments, with more fixations for both thematic roles as compared to foils. Further, both the 

patients and instruments should have been looked at longer than foils regardless of context 

manipulation. However, total fixation time of patients was not significantly longer than foil 1 

(semantically related to context) in all conditions, suggesting that verb primes did not activate 
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patient. This observation is also in contrast to our hypothesis of greater context effects on 

patients than instruments due to a greater number of possible patients than instruments.    

Conclusion 

  In the General Discussion, we suggested that there is a stronger verb-instrument 

compared to verb-patients association in both age groups. With respect to the lack of 

hypothesized main effects of context, we offered that this finding might be explained by task 

effects, which did not require our participants to consciously integrate semantic information in 

our experiment. The reduced fixations on patients and instruments, and the subtle evidence of 

context effects toward instruments in the time course analyses in older adults was explained by 

semantic control difficulty that might be a part of normal aging, though more research is needed 

to examine this proposition.  

Significance of Study 

 Previous literature has studied verb and thematic role associations; however, the current 

study is novel to use verb and thematic role concepts at a single word level and to directly 

compare the two types of thematic roles (patient and instrument). This study provided important 

insight to understand pure semantic association between verbs and thematic roles by minimizing 

confounds such as syntax, and most previous studies investigated verb attachment to instruments 

using sentences. However, because sentence processing requires not only semantic but also 

syntactic components, it can be difficult to understand pure semantic relationships between 

concepts. The findings in the current study using single concepts, therefore, are important to 

understanding pure semantic processing stripped of syntactic components. In addition, as we 

used picture stimuli (except verbs) rather than words, we tried to minimize lexical activation and 

associations as well.   
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To our knowledge, this study is the first to investigate spontaneous context effects in 

semantic processing using location visual scenes in a non-explicit task. Therefore, this study was 

very conservative in measuring automatic brain activations without forcing participants to 

consciously activate concepts for tasks such as sentence comprehension. Also, this study showed 

how younger and older adults use context information differently during automatic semantic 

processing, which allowed us to understand aspects of semantic changes in older adults. 

Future Directions 

The current study suggested stronger verb activations to instruments compared to patients; 

however, the current findings were only suggested with transitive action verbs. Different types of 

verbs depending on syntactic or semantic requirements (e.g., intransitive verbs or abstract verbs) 

would have different relationships with patient and instrument roles. Also, the current study only 

compared patient and instrument activations with verbs. Agent vs. patient comparison or 

instrument vs. location comparison would also be interesting with regard to controlling syntactic 

argumenthood of the two thematic roles and comparing semantic contributions. Therefore, future 

studies are needed to investigate more specific mechanisms of verb-thematic role activations.  

Although it was our purpose to use an implicit task in the experiment to measure 

spontaneous verb and thematic role activation as well as context effects, it would also be 

valuable to conduct the same experiment with an explicit task to understand better about task 

effects on verb-thematic role activations and context effects.  

Also, we found interesting sematic processing patterns in healthy older adults compared 

to younger adults. We explained the patterns with semantic processing decline in both semantic 

storage and access decline. To expand our understanding and support our semantic processing 
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hypothesis, a future study may include healthy older-older adults (aged 80 to 100) to investigate 

their semantic processing.    

Furthermore, as researchers in the field of speech language pathology, our ultimate goal 

of research is to understand language processing in healthy adults so that we can understand 

language processing in individuals with language disorders (aphasia caused by stroke or 

dementia). Therefore, our next step is to expand this study to clinical populations to investigate 

how their semantic processing of verbs and thematic roles are impaired or preserved. In general 

discussion, we briefly discussed semantic aphasia with semantic cognitive deficits. Because 

these patients have difficulties controlling semantic activations in selecting target concepts, their 

eye movements in the current experiment could also provide valuable information. Given the 

knowledge, it is our ultimate goal to develop assessments and/or treatments for their language 

rehabilitation.
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APPENDIX 

STIMULUS LIST 
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Table A-1.  Stimulus List 

Verb Location Congruent 

Patient 

Congruent 

Instrument 

Incongruent 

Patient 

Incongruent 

Instrument 

Foil1 Foil2 

Catching Baseball stadium Baseball  Glove  Wave  Surfing board Cap  Coral  

Catching  
 

Ocean  Wave  Surfing board  Baseball  Glove  Coral  Cap  

Covering Operating room  Mouth  Doctor’s mask  Manhole  Manhole cover Scalpel  Traffic light 

Covering  
 

Street  Manhole  Manhole cover  Mouth  Doctor’s mask  Traffic light Scalpel  

Cutting  Kitchen  Onion  Knife  Beard  Scissors  Ladle  Towel  

Cutting 
 

Barber shop Beard Scissors Onion Knife Towel Ladle 

Drying Laundry room Shirt Drier Hair Hair drier Iron Soap 

Drying 
 

Bathroom Hair Hair drier Shirt Drier Soap Iron 

Examining Eye clinic Eye Eye exam 

chart 

Diamond Magnifying 

glass 

Eye drop Ring box 

Examining 

 
 

Jewelry shop Diamond Magnifying 

glass 

Eye Eye exam 

chart 

Ring box Eye drop 

Hanging Closet Dress Hanger Curtain Curtain rod Socks Balcony 

Hanging  
 

Window Curtain Curtain rod Dress Hanger Balcony Socks 

Hitting Boxing ring Punching bag Boxing gloves Nail Hammer Bell Bicycle 

Hitting  
 

Garage Nail Hammer Punching bag Boxing gloves Bicycle Bell 

Inflating Bike shop Tire Air pump Balloon Helium tank Lock  Table 

Inflating 
 

Park Balloon Helium tank Tire Air pump Table Lock 

Lifting Gym Barbell Hand Bricks Crane Water fountain Wagon 

Lifting 
 

Construction area Bricks Carne Barbell Hand Wagon Water fountain 

Lighting Church Candle Match Grill Lighter Bench Fire place 

Lighting 
 

Camping area Grill Lighter Candle Match Fire place Bench 

A-1.  Continued. 
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Verb Location Congruent 

Patient 

Congruent 

Instrument 

Incongruent 

Patient 

Incongruent 

Instrument 

Foil1 Foil2 

Observing Observatory Planet Telescope Cells Microscope Satellite Beaker 

Observing 
 

Science lab Cells Microscope Planet Telescope Beaker Satellite 

Measuring Carpenter’s shop Lumber Tape measure Fabric roll Yard stick Chisel Pins cushion 

Measuring 
 

Sewing room Fabric roll Yard stick Lumber Tape measure Pin cushion Chisel 

Opening Bar Beer bottle  Bottle opener Envelope Letter opener Pitcher Messenger bag 

Opening 
 

Office Envelope Letter opener Beer bottle Bottle opener Messenger bag Pitcher 

Painting Art studio Picture Brush Finger nail Nail polish Chimney Clipper 

Painting 
 

Beauty shop Finger nail Nail polish Picture Brush Clipper Chimney 

Scooping Ice cream cart Ice cream Scoop Rocks Bulldozer Syrup Hard hat 

Scooping 
 

Mining area Rocks  Bulldozer Ice cream Scoop Hard hat Syrup 

Serving Restaurant Steak Tray Shuttlecock Racquet Chef hat Wristband 

Serving 
 

Badminton court Shuttlecock Racquet Steak Tray Wristband Chef hat 

Shooting Hockey rink Puck Hockey stick Arrow Bow Skate Olympic 

symbol 

Shooting 

 
 

Archer field Arrow Bow Puck Hockey stick Olympic 

symbol 

Skate 

Tightening Mechanic shop Nut Wrench Shoes Strings Ladder Whistle 

Tightening 
 

Running track Shoes Strings Nut Wrench Whistle Ladder 

Watering Yard Flower pot Watering can Corn Sprinkler Rake Scarecrow 

Watering 
 

Farm Corn Sprinkler Flower pot Watering can Scarecrow Rake 

Wiping Classroom Blackboard Eraser Windshield Wiper blades Podium Steering wheel 

Wiping  Car Windshield Wiper blades Blackboard Eraser Steering wheel Podium  
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