


	  

ABSTRACT 

Role of Features and Categories in Representing Object Knowledge 

by 

Jingyi Geng 

Understanding how our knowledge about the world is organized can help us 

understand how we are able to access that knowledge to easily identify objects and 

communicate with others. One general view of object knowledge organization assumes 

that object knowledge is represented by how we perceive and interact with objects (for 

example features like the color or shape we see and touch) (i.e., feature view; e.g., 

Allport, 1985; Barsalou, 1999, 2008; Gallese & Lakoff, 2005; Tyler & Moss, 2001). In 

contrast, an alternative view hypothesizes that in addition to features from different 

modalities (e.g., visual, motor, and tactile), taxonomic (e.g., dog and rabbit are animal) 

and thematic category information (e.g., eating theme: a dog is chewing a bone) is also 

critical for representing object knowledge (i.e., feature-plus-category view; e.g., Crutch & 

Warrington, 2005, 2010; Patterson et al., 2007; Schwartz et al., 2011; Mirman & 

Graziano, 2012). In order to examine these two general views of object knowledge 

organization, I investigated whether feature and category information is activated when 

people access the meaning of words using both behavioral (i.e., response times and 

errors; Experiments 1 and 2) and functional magnetic resonance neuroimaging measures 

(Experiment 3). Consistent with the feature-plus-category view, Experiments 1 and 2 

showed that when people access the meaning of words, this access was affected 

(slower/faster) by manipulating visual features (e.g., shape), taxonomic and thematic 

category information associated with objects. In support of the feature-plus-category 
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view, Experiment 3 revealed that action features (e.g., cutting) associated with objects 

(e.g., saw) activated the motor brain region (i.e., primary motor cortex) and the 

taxonomic and thematic categories recruited the bilateral anterior temporal lobes and left 

temporo-parietal junction respectively. Taken together, my dissertation provides 

converging evidence from both behavioral and neuroimaging perspectives showing that 

both feature and category information play a key role in representing object concepts. 
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Chapter 1 Introduction 

Concepts constitute a fundamental aspect of human cognition because cognitive 

activities such as object recognition, language comprehension, speech, thinking, and 

reasoning require conceptual processing. We recognize objects and understand words 

effortlessly in our daily life. When we see a picture of a dog, we may activate different 

types of knowledge without awareness. First, sensory features such as color (e.g., yellow), 

size (e.g., big), sound (e.g., woof), and motor/function features (e.g., run, jump, pet, 

hunting) associated with a dog may get activated, helping us distinguish a dog from a 

snake. Second, we activate category knowledge as well (e.g., a dog is an animal). For 

example, we extract the similarity (e.g., breath, has skin, can move) across numerous 

animal examples (e.g., dog, snake, fish) and group them into the same taxonomic 

category, namely “animal”. Understanding to which taxonomic category an object 

belongs can help us ignore the infinite differences among members in one category when 

differentiating between them is irrelevant for the current goal (see Rosch, Mervis, Gray, 

Johnson, & Boyes-braem, 1976). However, taxonomic categories only capture the 

internal similarity among objects, and therefore do not help us understand external 

relationships among objects in the real world. For instance, not only do we know that 

dogs and cats are animals but we also learn that dogs chew bones and cats play with yarn 

from observations of daily life. Therefore, besides understanding that objects belong to 

specific taxonomic categories, we also group objects that play complementary roles in the 

same scenes or events (e.g., sails, anchors) into thematic categories (a boating theme). 

Thematic categories help us understand the interactions among objects in the world and 

guide our behavior for specific events or scenarios. For instance, dining in a restaurant, 
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we anticipate a waiter to hand a menu to us, as menus and waiters are associated with the 

restaurant theme. Given that there are distinct types of knowledge (e.g., sensory/function 

features, taxonomic and thematic categories) associated with a single object concept, an 

important question is whether all this information is activated when we recognize an 

object or understand a word like “dog”. Second, for category knowledge, do taxonomic 

and thematic categories are equally important for the recognition of object or word 

meaning? Are these distinct types of knowledge associated with object concepts 

supported by distinct brain regions? The purpose of my dissertation was to investigate the 

cognitive and neural mechanisms underlying feature and category knowledge when we 

access object concepts using behavioral (Experiments 1 and 2) and neuroimaging 

approaches (Experiment 3).  

1.1 Overview of the Dissertation 

The experiments in my dissertation investigated the role of feature and category 

knowledge in representing object concepts. In Chapter 1, I provide an overview of 

current theories regarding the organization of the conceptual system. In Chapter 2, to 

address the question regarding the role of taxonomic and thematic categories in word 

comprehension I examined whether taxonomic and thematic category knowledge 

impacted word comprehension. In Chapter 3, to answer the question about whether both 

feature and category information was activated during word comprehension, I 

manipulated feature and category information in Experiment 2 and investigated whether 

they impacted word comprehension. In Chapter 4, in order to address the question 

regarding distinct brain regions supporting feature and category information, I 

investigated the neural substrates underlying feature and category information using 
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functional magnetic resonance imaging (fMRI) in Experiment 3. Chapter 5 concludes 

with a discussion of the findings and implications for theories of the conceptual system. 

1.2 Theoretical Background 

The debate about the nature of the representation of object concepts dates back to 

the ancient Greek philosophers more than 2000 years ago (the dispute between 

rationalism and empiricism). Since the early days of Plato and Aristotle, philosophers 

have thought about the relationship between our knowledge and sensory experience. 

Plato and modern philosophers like Descartes and Kent, who were rationalists, claim that 

we gain knowledge through reasoning but not sensory experience whereas empiricists 

like Aristotle state that we gain knowledge through sensory experience (see Markie, 2004 

for a review). These philosophical reflections concerning the role of sensory experience 

in representing concepts are paralleled by a similar debate in contemporary cognitive and 

neuroscience research on object knowledge. Strongly influenced by rationalism, the early 

models of conceptual organization in modern cognitive science assume that knowledge is 

stored as abstract amodal symbols in our brain, independent from sensory-motor neural 

systems (referred to as the amodal view; e.g., Collins & Loftus, 1975; Collins & Quillian, 

1969). On the other hand, with the development of neuroimaging techniques such as 

positron emission tomography (PET) and fMRI, growing neuroimaging and 

neuropsychological evidence suggests that concepts are constituted by features from 

different modalities (e.g., visual, motor, tactile), which are grounded in our sensory-

motor neural systems (referred to as the distributed-feature view; e.g., Barsalou, 1999, 

2008; Gallese and Lakeoff, 2005). Like empiricism, the distributed-feature view adopts 

the idea that knowledge is acquired from sensory experience. Given that the distributed-
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feature view is becoming more popular and dominant in modern cognitive science (for 

reviews, see Martin, 2007; Mahon & Caramazza, 2009, 2011; Patterson, Nestor, & 

Rogers, 2007; but see Riordan & Jones, 2010), my dissertation mainly focus on testing 

predictions from this view. Below I provide a detailed review of the distributed-feature 

theories. 

1.2.1  The role of sensory/motor neural systems in representing object concepts 

It has been widely demonstrated that different brain regions are involved in 

processing stimuli from various modalities, such as visual, auditory, motor, 

somatosensory, and smell/taste (for a review, see Gazzaniga, 2004). For example, the 

occipital lobe is responsible for processing visual information and the precentral gyrus is 

for processing motor information. Interestingly, increasing neuroimaging evidence has 

reported that the same visual and motor brain regions are recruited when people imagine 

seeing or moving something (see Rizzolatti & Craighero, 2004 for a review). In other 

words, when one imagines seeing something, some of the same part of the brain is used 

as when one actually sees. When we imagine moving, some of the same part of the brain 

is used as when we actually move. Thus, this suggests that when we access an object 

concept, it activates the sensory/motor brain regions we use to actually see, hear, and 

interact with that object. 

Allen Allport (1985) first articulated the critical role of the sensory/motor systems 

in representing object concepts. “The essential idea is that the same neural elements that 

are involved in coding the sensory attributes of a (possibly unknown) object presented to 

eye or hand or ear also make up the elements of the auto associated activity-patterns that 

represent familiar object-concepts in “semantic memory”. This modal is, of course, in 
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radical opposition to the view, apparently held by many psychologists, that “semantic 

memory” is represented in some abstract, modality independent, “conceptual” domain 

remote from the mechanisms of perception and motor organization.” (Allport 1985, p. 

53). Since Allport’s initial formulation of this account, many similar theoretical proposals 

have been advanced (referred to as the distributed-feature view, e.g., Barsalou, 1999, 

2008; H. Damasio, Tranel, Grabowski, Adolphs, and A. Damasio, 2004; Gallese and 

Lakeoff, 2005; Patterson et al., 2007; Pulvermuller, 2005). The central assumption shared 

among all proposals is that object concepts are represented via distributed networks in 

terms of sensory/motor features (e.g., Allport, 1985; Barsalou, 1999, 2008; Crutch and 

Warrington 2003; Damasio et al., 2004; Gallese & Lakoff, 2005; Martin et al., 2000; 

Patterson et al., 2007; Pulvermuller, 2005). For example, when we see a dog, the color, 

shape, and size etc. activates our visual system. When we hear a dog bark, the sound 

activates our auditory system. When we play with a dog, it activates our motor system. 

Our brain captures these activation patterns associated with our experiences and 

integrates them to form a multimodal concept representation. Hence, under this view our 

concepts (e.g., dog) are represented by various features in visual (e.g., black, four legs 

and a tail), action (e.g., jump), and auditory (e.g., bark) modalities located in the 

corresponding brain regions that are responsible for actually perceiving and acting.  

Each object’s various features (e.g., color, shape, motor, function) can be 

perceived from different modalities (e.g., visual, auditory, tactile). How do we integrate 

features from different modalities and various brain regions when we need to recognize 

an object or understand a word? It has been argued that specific brain areas act as 

convergence zones integrating modality-specific features (e.g., Beauchamp, Argall, 
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Bodurka, Duyn, & Martin, 2004; A. Damasio, 1989; A. Damasio, Grabowski, Tranel, 

Hichwa, & H. Damasio, 1996; Tranel, H. Damasio, A. Damasio, 1997; H. Damasio, 

Tranel, Grabowski, Adolphs, & A. Damasio, 2004; Patterson et al., 2007). For example, 

the superior temporal sulcus is a key region for integrating visual, auditory, and 

somatosensory information (e.g., Beauchamp et al., 2004; Beauchamp, Yasar, Frye, & 

Ro, 2008). Bilateral anterior temporal lobes are thought to be a semantic hub binding all 

modality-specific features (e.g., Jefferies & Lambon Ralph, 2006; Hoges, Graham, & 

Patterson, 1995; Lambon Ralph et al., 2007; Lambon Ralph et al., 2009; Pobric et al., 

2007; Rogers & Patterson, 2007; see Patterson et al., 2007 for a review). These brain 

regions serve as convergence zones to integrate information from sensory/motor brain 

regions and are critical for the representation of object concepts (see Barsalou, 1999). 

In order to interact with the objects, we must not only recognize objects but also 

understand the relationships among objects such as dog and bone (e.g., dogs chew bones) 

or dog and rabbit (dogs and rabbits are animal). Therefore, we form taxonomic and 

thematic categories. Taxonomic categories generalize across objects that share similar 

features and thematic categories group objects co-occurring in a familiar scene or event. 

In other words, the taxonomic category focus on the internal features shared among 

objects whereas the thematic category emphasizes external relationships among objects 

(see Estes, GolonKa, Jones, 2011). For example, after encountering many dog, cat, and 

rabbit exemplars in our daily life, we know that they all have four legs, fur and a tail and 

thus form the animal category (i.e., taxonomic category) (e.g., Rosch, Mervis, Gray, 

Johnson, Boyes-Braem, 1976). On the other hand, with the dining experience in various 

restaurants, we expect to see a waiter and a menu when we enter a restaurant we have 
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never been to (i.e., the waiter and menu are in the thematic category). Therefore, these 

two types of categories are important for us to understand the relationships among objects 

we encounter every day. Below, I discuss the role of taxonomic and thematic knowledge 

in representing object concepts from the neuroanatomical and cognitive perspectives.  

1.2.2 The neural mechanisms underlying taxonomic and thematic category 

knowledge 

There are two separate research lines studying the role of taxonomic and thematic 

knowledge in representing object concepts. One research line (e.g., Capitani, et al, 2003; 

Gainotti, Silveri, Daniel, & Giustolisi, 1995; Schwartz et al., 2011; for reviews, see 

Patterson et al., 2007; Martin, 2007; Mahon & Caramazza, 2009) has investigated this 

issue from a neuroanatomical perspective. If taxonomic and thematic categories have 

their neural systems independent from the distributed sensory/motor systems, this 

suggests that taxonomic and thematic categories play a role in representing object 

concepts. On the other hand, the other research line (e.g., Inhelder & Piaget, 1964; Lin & 

Murphy, 2011; Crutch & Warrington, 2005, 2007, 2010; Hamilton & Martin, 2011; Geng 

& Schnur, 2015) has explored the same issue from a cognitive perspective. If people 

activate taxonomic and thematic category information when accessing the meaning of 

words, this indicates that taxonomic and thematic categories are important for 

representing object concepts. Different theories were developed based on the two 

separate research lines. Below, I discuss the theories and empirical evidence from the 

neuroanatomical perspective.  

Theories under the distributed-feature view have divergent assumptions about the 

neural mechanisms underlying taxonomic and thematic categories (e.g., Warrington & 
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Shallice, 1984; Barsalou, 1999, 2008; Mahon & Caramazza, 2011; Patterson et al., 2007; 

Schwartz et al., 2011). From a broad perspective, distributed-feature theories can be 

divided into two classes regarding whether there are separate neural systems to represent 

category knowledge or not. One class assumes that taxonomic category knowledge is 

represented in sensory/motor neural systems (the distributed-only view; e.g., Allport, 

1985; Barsalou, 1999, 2008; Tyler & Moss, 2001; Gallese & Lakoff, 2005). For example, 

when people access the dog category, common features (e.g., four legs, a tail, wet nose, 

hunting, pet, and etc) shared among all dog exemplars activate the corresponding 

sensory/motor neural systems and the activation pattern across all sensory/motor brain 

regions represents the dog category. In addition, according to Gallese and Lakeoff 

(2005), “the modalities of action and perception are integrated at the level of the 

sensory/motor system itself and not via higher association areas.” However, the 

distributed-only view does not have explicit assumptions about how thematic categories 

are represented in terms of sensory/motor neural systems. In contrast, the other class of 

theories argues that there are separate neural systems underlying taxonomic and thematic 

categories in addition to sensory/motor neural systems (the distributed-plus-category 

view; e.g., Patterson et al., 2007; Schwartz et al., 2011; Mirman & Graziano, 2012). 

Specifically, the distributed-plus-category view proposes that in addition to the 

sensory/motor neural systems, bilateral anterior temporal lobes (ATLs) serve as an 

amodal hub binding the information from sensory/motor neural systems to represent 

taxonomic knowledge whereas left temporo-parietal junction (TPJ) functions as another 

hub for thematic knowledge. In summary, the two distributed-feature views are different 

in two aspects regarding the neural mechanisms underlying taxonomic and thematic 
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categories. First, the distributed-only view assumes that category information is 

represented solely in sensory/motor brain regions whereas the distributed-plus-category 

view assumes that in addition to sensory/motor brain regions there are brain regions (i.e., 

bilateral ATLs and left TPJ) acting as amodal hubs representing category information. 

Second, the distributed-only view is underspecified with regards to how thematic 

category information is represented whereas the distributed-plus-category view assumes 

that the left TPJ represents thematic category information. Below I provide a review of 

the neuroimaging and neuropsychological evidence which to date is consistent with the 

multiple versions of the distributed-feature view. 

Neural mechanism underlying the representation of taxonomic category knowledge 

The evidence supporting the distributed-plus-category view that bilateral ATLs 

represent taxonomic category information mainly comes from behavior in patients with 

focal atrophy of the bilateral ATLs (i.e., semantic dementia). Semantic dementia patients 

typically show a progressive loss of semantic knowledge, especially taxonomic category 

knowledge in a variety of tasks (e.g., Lambon Ralph & Patterson, 2008; McClelland & 

Rogers, 2003; Patterson et al., 2007; Rogers et al., 2004; Mirman & Graziano, 2012; 

Schwartz et al., 2011; but see Simmons, Reddish, Bellgowan & Martin, 2009; Simmons 

& Martin, 2010). For example, when naming objects (e.g., robin), patients with severe 

semantic dementia use more general category labels (e.g., animal) in comparison to 

patients with less severe semantic dementia who use more specific names (e.g., bird or 

robin) (e.g., Hoges, Graham, & Patterson, 1995; Jefferies & Lambon Ralph, 2006; 

Rogers & Patterson, 2007; see Patterson et al., 2007 for a review). More interestingly, 

when performing a taxonomic category decision task (e.g., to decide whether a picture is 
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a cat), patients with semantic dementia made overgeneralization (incorrectly selecting a 

Chihuahua picture as a cat) and undergeneralization errors (incorrectly rejecting a 

hairless cat as a cat) (Lambon Ralph, Sage, Jones, Mayberry, 2010). According to 

Lambon Ralph et al. (2010), this is because damage to bilateral ATLs makes the 

taxonomic category boundary deteriorate and patients rely more on superficial similarity 

of visual features to make a category judgment (e.g., a Chihuahua looks like a typical cat 

more than a hairless cat). Because the temporal poles are known to receive convergent 

input from and send output to all sensory and motor systems (Gainotti et al., 1995; Gloor, 

1997; Grey & Bannister, 1995), Lambon Ralph and colleagues thus propose that the 

bilateral ATLs serve as hubs binding all modality of features such as visual, motor, and 

function features (e.g., Jefferies & Lambon Ralph, 2006; Lambon Ralph & Patterson, 

2008; McClelland & Rogers, 2003; Patterson et al., 2007; Rogers et al., 2004).  

In contrast, a number of neuroimaging studies with healthy people showed that 

taxonomic categories activated sensory/motor brain regions but not the bilateral ATLs, in 

support of the distributed-only view (see reviews, Martin, 2007; Thompson-Schill, 2003). 

According to the distributed-only view, although all taxonomic categories are represented 

in terms of modality-specific features (e.g., visual, motor, tactile), the set of features that 

are critical for defining that object category and for distinguishing among its members 

vary across different taxonomic categories. Specifically, sensory features (e.g., visual) are 

critical for defining living things (e.g., animal, vegetable) whereas motor/function 

features are critical for defining non-living things (e.g., tool, vehicle) (e.g., Warrington & 

McCarthy, 1983, 1987; Warrington & Shallice, 1984). Consistent with this view, 

numerous fMRI studies report that ventral temporal cortex that is known as a key region 
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for color and shape processing show more activity when people name and identify living 

things (e.g., animals, fruit, and body parts) in comparison to non-living things whereas 

left posterior middle temporal gyrus (pMTG) and premotor cortex involved in action 

processing show more activity for non-living things (e.g., tools and vehicle) (e.g., Chao, 

Haxby, & Martin, 1999; for reviews, see Martin & Chao, 2001; Martin, 2007). In 

addition, different living categories rely on distinct brain regions depending on the 

features involved. For example, body parts stimuli (pictures and words) activated lateral 

temporal occipitoparietal areas associated with perceiving the human body whereas food 

stimuli (pictures and words) specifically activated orbitofrontal regions associated with 

taste and smell (e.g., Goldberg, Perfetti, & Schneider, 2006; Simmons, Martin, & 

Barsalou, 2005). Moreover, distinct multi-voxel activity patterns in ventral temporal 

cortex (visual region) distinguished between different categories (e.g., Haxby et al., 2001; 

Brants, Baeck, Wagemans, Op de Beeck, 2011), suggesting that sensory/motor features 

represented category information. Critically, none of these studies has reported that 

taxonomic categories consistently activated any other brain regions (e.g., bilateral ATLs) 

in addition to the sensory/motor systems. Taken together, the neuroimaging evidence 

reviewed here suggests that taxonomic knowledge is represented only in terms of 

sensory-motor neural systems.  

Neural mechanism underlying the representation of thematic category knowledge 

In contrast to taxonomic categories (e.g., bird) that group objects sharing common 

“internal” features (e.g., have wings, feathers and can fly), thematic categories group 

objects (e.g., dog and bone) that usually do not share features with “external” links (i.e., 

co-occurrence in the same scenario). If two objects (e.g., dog and bone) do not share any 
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features, how can their categorical relationship be represented in terms of sensory/motor 

features? The representation of thematic category information poses a challenge to the 

distributed-only view. Therefore, the neural mechanism of thematic category knowledge 

is the key for us to understand whether there are separate neural systems for categorical 

knowledge in addition to the sensory/motor systems. 

Semanza and colleagues (1980) first reported that patients with left frontal lesions 

showed impaired thematic category knowledge (Semenza, Denes, Lucchese, & Bisiacchi, 

1980). In this study, stroke patients and healthy controls saw a target picture and two 

other pictures as choices. They chose between the two pictures according to which one 

was “best” related to the target. Both the two choices were either taxonomically (e.g., two 

choices: cookie, candy) or thematically (e.g., two choices: oven, fork) related to the target 

(e.g., cake), but one more so than the other. For example, cookie is more relevant to cake 

(the target) than candy whereas oven goes better with cake than fork. Semanza et al. 

found that patients with left temporal lobe lesions made more errors when the two choice 

pictures came from the same taxonomic category whereas patients with left frontal lobe 

lesions made more errors when the two choice pictures came from the same thematic 

category. Based on these findings, Semenza et al. first articulated that there were distinct 

neural systems underlying taxonomic and thematic knowledge (i.e., the temporal lobe 

was relevant to taxonomic knowledge and the frontal lobe was important for thematic 

knowledge). 

The notion that there are distinct neural systems underlying taxonomic and 

thematic knowledge gained support from recent neuropsychological studies (e.g., 

Jefferies & Lambon Ralph, 2006; Schwartz et al 2011; Mirman & Graziano, 2012). 
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Jefferies and Lambon Ralph (2006) compared two groups of patients in a variety of 

comprehension and naming tasks. One group of patients had ATL atrophy and the other 

group had lesions in left prefrontal and TPJ. The majority of the naming errors for 

patients with ATL lesions were taxonomic errors (e.g., naming a dog picture as cat) 

whereas the patients with lesions in left prefrontal and TPJ made much more thematic 

errors (e.g., naming a squirrel picture as nuts). Schwartz et al. (2011) replicated and 

extended these findings by examining the relationship between brain lesions in 86 stoke 

patients and picture naming errors on the Philadelphia Naming Task (Roach, Schwartz, 

Martin, Grewal, & Brecher, 1996) using voxel-based lesion-symptom mapping (Bates et 

al., 2003). Lesions in the left TPJ were associated with producing thematic errors (e.g., 

name an apple picture as worm) whereas lesions in the left ATL were associated with 

producing taxonomic errors (e.g., name an apple picture as pear). In order to account for 

these findings in neuropsychological studies, Schwartz and colleagues propose that 

thematic category knowledge is subserved by the left TPJ whereas taxonomic category 

knowledge by the bilateral ATLs (i.e., the distributed-plus-category view). In summary, 

the current neuropsychological evidence suggests that there are two separate brain 

regions that represent taxonomic and thematic category information.  

However, recent neuroimaging studies with healthy people provide mixed results 

regarding the neural mechanism underlying thematic categories (e.g., Kalénine et al., 

2009; Sachs, Weis, Krings, Huber, & Kircher, 2008; Sass, Sachs, Krach, & Kircher, 

2009; Sachs et al., 2011; Schwartz et al., 2011; Lewis, Poeppel, & Murphy, 2015). 

Consistent with the distributed-plus-category view, Kalénine et al. (2009) showed greater 

activity in bilateral inferior parietal lobes including left TPJ for thematic categories in 
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comparison to taxonomic categories in a picture-matching task. In addition, they also 

found that thematic categories activated the left pMTG that is a key region for action and 

tool knowledge (see Beauchamp et al., 2007 for a review). Inconsistent with the 

distributed-plus-category view, Kalénine et al. did not observe any activity difference in 

bilateral ATLs between the two categories. Instead, they found greater activity in the 

occipital lobe (cuneus) for taxonomic categories compared to thematic categories. 

Therefore, Kalénine et al. (2009) argued that these results reflect the different features 

inherent in the two categories and thus support the distributed-only view (e.g., Allport, 

1985; Barsalou, 1999, 2008; Tyler & Moss, 2001). Specifically, the objects (e.g., dog and 

cat) in the same taxonomic category share more perceptual features (e.g., visual) whereas 

the objects (e.g., dog and bone) in the same thematic category have action/function 

relations (e.g., eating). In contrast, a recent fMRI study showed that both taxonomic and 

thematic categories activated the bilateral ATLs, partially consistent with the distributed-

plus-category view (Jackson, Hoffman, Pobric, & Lambon Ralph, 2015). Moreover, two 

fMRI studies found similar brain regions (not including ATL and TPJ) activated for both 

taxonomic and thematic categories in word recognition tasks (Sachs et al., 2008; Sass et 

al., 2009). Altogether, the neuroimaging findings in healthy people provide evidence 

consistent with both distributed-only and distributed-plus-category views. 

In summary, regarding the representation of taxonomic categories, the distributed-

only view assumes that different kinds of taxonomic categories such as animal, tool, and 

vehicle are represented in our sensory/motor systems but the critical features for defining 

each taxonomic category vary. For example, living categories (e.g., animal) rely more on 

sensory features whereas non-living categories (e.g., tool) rely more on motor/function 
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features (e.g., Barsalou, 1999, 2008; Warrington & Shallice, 1984). This view gains 

support from the neuroimaging evidence that visual regions show more activity for living 

categories (e.g., animal) whereas motion/function regions show more activity for non-

living categories (e.g., tool) (for reviews, see Martin & Chao, 2001; Martin, 2007). 

Regarding thematic categories, Kalénine et al. (2009) first articulated that thematic 

relationships among objects are also represented in terms of sensory/motor features. 

Furthermore, they argued that visual features are relatively important to define all 

taxonomic categories in comparison to thematic categories whereas motion/function 

features are relatively important to define all thematic categories. On the other hand, the 

distributed-plus-category view assumes that in addition to sensory/motor systems, we 

have independent neural systems (bilateral ATLs and left TPJ) that represent taxonomic 

and thematic knowledge. In support with this view, the neuropsychological evidence 

showed that patients with ATL lesions made more taxonomic errors and patients with 

TPJ lesions make more thematic errors when naming pictures (e.g., Jefferies & Lambon 

Ralph, 2006; Mirman & Graziano, 2012; Schwartz et al., 2011). Given that both accounts 

gain support from the empirical evidence, the neural mechanism underlying taxonomic 

and thematic knowledge remains unclear. In Chapter 4, I will discuss this topic in more 

detail and provide an fMRI experiment to test these two views. 

1.2.3 Cognitive mechanisms underlying taxonomic and thematic knowledge 

In contrast to the distributed-only vs. distributed-plus-category debate from the 

neuroanatomical perspective, behavioral studies (e.g., Crutch & Warrington, 2005, 2007, 

2010; Lin & Murphy, 2001; Martin & Hamilton, 2011) focus on testing whether 

taxonomic and thematic categories are equally important for the recognition of object or 
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word meaning. Two general views have been developed based on the behavioral 

evidence. A group of researchers propose that people rely more on taxonomic categories 

compared to thematic categories to recognize object or word meaning (e.g., Inhelder & 

Piaget, 1964; Crutch & Warrington, 2005, 2010) whereas another group of researchers 

argue that taxonomic and thematic categories are equally important (e.g., Lin & Murphy, 

2001; Martin & Hamilton, 2011). Below, I discuss these two views and the empirical 

evidence supporting or against these views.  

In the early 1960s, Inhelder and Piaget (1964) first explored how we develop 

taxonomic and thematic category knowledge from a cognitive development perspective. 

They used object-sorting tasks to assess children’s conceptual organization. Given some 

small toys, children under age 5 grouped toys together to build a familiar scene (e.g., a 

dog eats a bone) (i.e., thematic category) and then told a story about it no matter what 

instructions were given (e.g., “put together things that are alike” or “things that go 

together”). According to Piaget and Inhelder, it was not until age 8 or older that children 

could begin to sort by taxonomic categories. This thematic-to-taxonomic shift between 

ages 4 to 8 was replicated in later studies (e.g., Smiley & Brown, 1979; Olver & 

Hornsby, 1967; Markman, 1981, 1989). In summary, according to Inhelder and Piaget 

(1964), we first rely on thematic relations to group objects and then switch to taxonomic 

category. 

Following Inhelder and Piaget’s theoretical advance concerning the development 

of category knowledge in the early 1960s (Inhelder & Piaget, 1964), some developmental 

psychology studies suggested that the thematic-to-taxonomic shift reflects a radical 

change in children’s cognitive abilities (e.g., Smiley & Brown, 1979; Goldman & Levine, 
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1963; Oliver & Hornsby, 1967; Markman, 1981, 1989). Children first rely on 

observations (e.g., The dog is chewing the bone) in daily life to categorize objects and 

then start forming taxonomic categories once they have developed logical thinking and 

generalization ability (e.g., Markman, 1981, 1989). Due to the fact that objects in the 

same thematic category form familiar scenes or events that children encounter in their 

daily life, young children rely on thematic categories to group objects (e.g., Smiley & 

Brown, 1979; Olver & Hornsby, 1967; Baldwin, 1989; Waxman & Kosowski, 1990; but 

see Waxman & Namy, 1997; Blaye & Bonthoux, 2001). In comparison to thematic 

categories, learning taxonomic categories requires more logical thinking and 

generalization (e.g., Markman, 1981, 1989). Once children acquire taxonomic categories, 

they start using them to classify objects more than thematic categories, as taxonomic 

categories provide a more efficient way to learn new words, identify new objects, and 

communicate with others (e.g., Markman, 1989). As a result, older children and adults 

rely more on taxonomic categories for object concepts (referred to as the taxonomic-

dominant view; see Smiley, 1978). Therefore, these developmental psychology studies 

support the taxonomic-dominant view and suggest that children beyond age 8 and adults 

rely more on taxonomic categories compared to thematic categories to classify objects. 

However, behavioral studies with adults showed mixed results. On one hand, in 

line with the taxonomic-dominant view, Crutch and Warrington (2005, 2007, 2010) 

showed that stroke patients made more errors when understanding the target words 

presented in the taxonomic vs. thematic category context. Similarly, my own research 

and other behavioral studies with healthy participants found that people made more errors 

and longer response times when understanding a word in the taxonomic category context 
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compared to the thematic category context (Geng & Schnur, 2015; Crutch, Connell, & 

Warrington, 2009; Crutch & Jackson, 2011). On the other hand, inconsistent with the 

taxonomic-dominant view (e.g., Inhelder & Piaget, 1964; Crutch & Warrington, 2005, 

2010), other behavioral evidence with adults showed that taxonomic and thematic 

categories are equally important for the organization of object concepts (referred to as the 

taxonomic-plus-thematic view; e.g., Lin & Murphy, 2001; Murphy, 2001; Martin & 

Hamilton, 2011). Martin and Hamilton (2011) reported that two stroke patients made 

similar errors in the taxonomic and thematic contexts. In addition, Murphy and 

colleagues found that healthy adults grouped objects in both thematic and taxonomic 

categories and did not show any preference for either one (e.g., Lin & Murphy, 2001; 

Murphy, 2001). Therefore, due to the inconsistent findings of these studies, it remains 

unclear whether taxonomic and thematic knowledge is equally important for the 

recognition of objects and word meaning.  

In summary, the taxonomic-dominant view (e.g., Inhelder & Piaget, 1969; Crutch 

& Warrington, 2005, 2007, 2010) assumes that we rely more on taxonomic knowledge to 

recognize objects and word meaning. In contrast, the taxonomic-plus-thematic view (e.g., 

Lin & Murphy, 2001; Murphy, 2001; Mirman & Graziano, 2011; Hamilton & Martin, 

2011) states that taxonomic and thematic knowledge are two parallel conceptual systems 

and equally important for the recognition of objects and word meaning. To test these two 

accounts, I investigated whether taxonomic and thematic categories impact word 

comprehension for adults in the Experiment 1.  

1.3 Summary 
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Two separate research lines emerged during the investigation of the role of 

thematic and taxonomic knowledge in representing object concepts. One research line has 

investigated the role of category knowledge from a neuroanatomical perspective (e.g., 

Capitani, et al, 2003; Gainotti, Silveri, Daniel, & Giustolisi, 1995; Schwartz et al., 2011; 

for reviews, see Patterson et al., 2007; Martin, 2007; Mahon & Caramazza, 2009) 

whereas the other one (e.g., Piaget & Inhelder, 1959 Inhelder & Piaget, 1964; Lin & 

Murphy, 2011; Crutch & Warrington, 2005, 2007, 2010; Hamilton & Martin, 2011; Geng 

& Schnur, 2014) has explored it from a cognitive perspective. From a neuroanatomical 

perspective, there is consensus that object concepts are grounded in sensory/motor neural 

systems (i.e., the distributed-feature view) (e.g., Allport, 1985; Barsalou, 1999, 2008; 

Crutch and Warrington 2003; Damasio et al., 2004; Gallese & Lakoff, 2005; Martin et 

al., 2000; Patterson et al., 2007; Pulvermuller, 2005; cf. Mahon & Caramazza, 2009). Yet, 

different versions of the distributed-feature view have diverging assumptions regarding 

whether there are additional neural mechanisms underlying taxonomic and thematic 

categories independent from sensory/motor brain networks. The distributed-only theories 

propose that all category information is represented in the sensory/motor neural systems 

(e.g., Allport, 1985; Barsalou, 1999, 2008; Tyler & Moss, 2001) whereas the distributed-

plus-category theories (Lambon Ralph & Patterson, 2008; McClelland & Rogers, 2003; 

Patterson et al., 2007; Rogers et al., 2004; Mirman & Graziano, 2011, 2012; Schwartz et 

al., 2011) state that taxonomic and thematic categories are represented in two brain 

regions separately from sensory-motor systems. On the other hand, two different views 

regarding whether taxonomic and thematic category knowledge is equally important for 

the recognition of objects and word meaning were developed from the behavioral 
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evidence. According to the taxonomic-dominant view (e.g., Piaget & Inhelder, 1959; 

Crutch & Warrington, 2005, 2010), people rely more on taxonomic category knowledge 

to recognize of objects and word meaning. In contrast, the taxonomic-plus-thematic view 

(e.g., Lin & Murphy, 2001; Mirman & Graziano, 2011; Hamilton & Martin, 2011) 

suggests that taxonomic and thematic categories are equally important for the recognition 

of objects and word meaning. The theories developed from the behavioral research line 

remain silence on the interpretation of the empirical evidence from the neuroanatomical 

research line and vice versa. For example, the taxonomic-dominant and taxonomic-plus-

thematic theories were developed only based on behavioral evidence and they necessarily 

make no claims concerning the neuroanatomical perspective. The distributed-only and 

distributed-plus-category views were proposed based on neuropsychological and 

neuroimaging evidence and they did not make any explicit predictions regarding behavior 

(e.g., response times and errors). However, if taxonomic and thematic categories are 

equally important principles for representing object concepts as the taxonomic-plus-

thematic and distributed-plus-category views propose, we should be able to observe 

activation of category information not only in the behavioral measurements but also in 

the brain regions independent from the sensory/motor neural networks when people 

access an object concept (e.g., word comprehension). Therefore, the goal of my 

dissertation was to bridges the gap between the neuroanatomical and behavioral research 

lines by investigating the cognitive and neural mechanisms of taxonomic and thematic 

knowledge employing behavioral and brain activity measurements. 

To accomplish this goal, I tested word comprehension in healthy adults to 

examine the cognitive mechanisms of taxonomic and thematic knowledge in Experiments 



	   21 

1 and 2 and their underlying neural mechanisms in Experiment 3. In Chapter 2, 

Experiment 1, I tested the taxonomic-dominant and taxonomic-plus-thematic theories by 

investigating the degree to which taxonomic and thematic category knowledge impacted 

word comprehension. In Chapter 3, Experiment 2, I tested the distributed-feature and 

taxonomic-dominant views by examining whether there are thematic and taxonomic 

category effects in word comprehension after controlling for features involved in these 

categories. In Chapter 4, Experiment 3, I tested two versions of the distributed-feature 

view by exploring the neural mechanisms underlying feature and category information. In 

Chapter 5, I conclude that the results of the three experiments support the distributed-

plus-category view and then discuss the theoretical implications of my dissertation’s 

results.  
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   Chapter 2 Role of taxonomic and thematic categories in word comprehension1 

As reviewed in Chapter 1, there are two general views based on behavioral 

evidence regarding the role of taxonomic and thematic knowledge in organizing object 

concepts. The taxonomic-dominant view (e.g., Piaget & Inhelder, 1959; Crutch & 

Warrington, 2005, 2010) assumes that we rely more on taxonomic knowledge when 

accessing the meaning of words. In contrast, the taxonomic-plus-thematic view assumes 

that taxonomic and thematic knowledge is equally important for word comprehension 

(Lin & Murphy, 2001; Murphy, 2001; Mirman & Graziano, 2012; Hamilton & Martin, 

2011). Although a few recent studies directly compared the effects of taxonomic and 

thematic categories in word comprehension (e.g., dog), there exist conflicting results 

among these studies in addition to several methodological issues (e.g., unmatched 

semantic distance; non-comparable tasks between patients and healthy participants) 

which render the results difficult to interpret. The aim of the Experiment 1 was to 

investigate whether we rely on both taxonomic and thematic category knowledge when 

understanding a word (e.g., dog) and test predictions not previously examined in healthy 

people from the taxonomic-dominant and taxonomic-plus-thematic views while 

addressing previous methodological issues.    

2.1 Empirical evidence investigating the role of taxonomic and thematic categories 

in word comprehension 

The most compelling evidence that the organization of object concepts relies 

more on taxonomic categories in comparison to thematic categories comes from behavior 

in individuals with brain damage resulting in aphasia. Crutch and Warrington (2005) 

tested an aphasic patient (A.Z.) with a spoken-word to written-word matching task, where 
                                                
1 Parts of this chapter have been adapted from Geng and Schnur (2015). 
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the patient identified the word she heard among four written words. A.Z. made more 

errors when the four words were taxonomically related (e.g., goose, crow, sparrow, 

pigeon) vs. unrelated (e.g., goose, melon, pullover, biscuit), but showed no difference 

when the four words were thematically related (e.g., farm, cow, tractor, barn) vs. 

unrelated (e.g., sailor, shelf, farm, oven). Three additional patients showed a similar 

pattern in later studies (I.R.Q., Crutch et al., 2006; R.O.M., Crutch & Warrington, 2007; 

F.B.I., Crutch & Warrington, 2010). However, subsequently the Crutch and Warrington 

(2005, 2007, 2010) results were not fully replicated where three aphasic patients (UM-

103, H.A. and D.Z.; Hamilton & Coslett, 2008; Hamilton & Martin, 2010) made more 

errors in both taxonomically and thematically related conditions compared to the 

unrelated condition (in the same task as Crutch and Warrington, 2005), suggesting that 

taxonomic and thematic categories are equally important for representing object 

concepts. Based on these results, Crutch and Warrington (2010, pp. 49 – 50) suggested 

that the inconsistent patient evidence depends on whether impairments to the two 

classification systems are equivalent. If aphasic speakers have equivalent impairments for 

taxonomic and thematic category systems (e.g., the patients reported in Crutch & 

Warrington, 2005; Crutch et al., 2006; Crutch & Warrington, 2007; and Crutch & 

Warrington, 2010) they should show greater errors selecting a target from amongst 

taxonomically related words (but not when they are thematically related). In contrast, 

similar taxonomic and thematic interference effects are observed if aphasic speakers have 

unequal or selective damage to the two classification systems (UM-103, Hamilton & 

Coslett, 2008; H.A. and D.Z., Hamilton & Martin, 2011). Because Crutch and 

Warrington (2010) argue that the performance of aphasic patients depends on the degree 
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of damage to the two categories, testable predictions cannot be generated to distinguish 

between accounts of the conceptual system organization where taxonomic and thematic 

categories are equally important or differentially important for the organization of object 

concepts. 

However, behavior in healthy speakers whose conceptual systems are intact 

provides additional evidence to disambiguate whether object concepts depend equally on 

taxonomic and thematic categories. Unfortunately, these data to date are inconsistent. In a 

semantic odd-one-out task, healthy subjects identified a word unrelated to other words 

more quickly when the words were in taxonomic vs. thematic arrays (Crutch, Connell, & 

Warrington, 2009; Crutch & Jackson, 2011). Similarly, in an oral translation task, 

Chinese-English bilingual speakers translated Chinese words to English more slowly in 

taxonomically related than unrelated blocks (with no difference between the thematically 

related and unrelated blocks) (Zhang, Han & Bi, 2013). An eye-tracking study showed 

that taxonomic and thematic categories attract the attention from subjects during word 

comprehension, even when subjects were not asked to perform any tasks but the 

taxonomic category received more eye fixations than the thematic category (Mirman & 

Graziano, 2011). In contrast, Lin and Murphy (2001) show that people rely equally on 

taxonomic and thematic knowledge during word comprehension. Lin and Murphy 

presented a target word (e.g., cat) and two other words as choices, one (e.g., lion) 

taxonomically related to the target and the other one (e.g., litter box) thematically related 

to the target. Subjects were forced to choose the best word that can form a category with 

the target word. The number of subjects who chose taxonomically related words was 

similar to those who chose thematically related words, suggesting that taxonomic and 
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thematic categories are equally important for word comprehension. Because the results 

from healthy people and brain-damaged patients are so mixed (potentially due to 

methodological confounds, described below) it is unclear the degree to which taxonomic 

and thematic categories are involved in the organization of object concepts.  

2.2 Previous methodological confounds 

There are several methodological issues in the previous studies with healthy 

people which cloud clear interpretation of current results, which I address in Experiment 

1. First, among the five studies with healthy people (Crutch et al., 2009; Crutch & 

Jackson, 2011; Lin & Murphy, 2001; Mirman & Graziano, 2011; Zhang et al., 2013), 

three did not test whether both taxonomic and thematic effects emerge for word 

comprehension (Crutch, et al., 2009; Crutch & Jackson, 2011; Lin & Murphy, 2001), as 

the nature of the semantic odd-one-out task used in Crutch et al (2009, 2011) (i.e., 

identify an unrelated word from a taxonomically or thematically related word array) and 

the triad task used in Lin & Murphy (2001) (i.e., choose one from two words that can 

form a category with the target word), does not allow an unrelated condition as baseline. 

Without a baseline condition, it is unclear whether taxonomic and thematic effects (i.e., 

the difference between related and unrelated conditions) are observed, which is a critical 

prediction if these are the principles delineating object concepts. In Experiment 1, I 

address these predictions. Second, although Zhang et al. (2013) included an unrelated 

condition as baseline in an oral translation task, interference effects in such a production 

task are difficult to interpret because they may reflect interference at a lexical level (e.g., 

Bloem & La Heij, 2003, 2004). Specifically, because oral translation involves not only 

conceptual activation but also lexical selection for production, the taxonomic interference 
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effect observed in the translation task may reflect lexical selection by competition instead 

of, or in addition to conceptual identification (e.g., Abdel Rahman & Melinger, 2009; 

Levelt, Roelofs, & Meyer, 1999; Roelofs, 1992; Levelt, Roelofs, & Meyer, 1999; but see 

Mahon, Costa, Peterson, Vargas, & Caramazza, 2007). Third, in Mirman and Graziano’s 

eye-tracking study (2011), the taxonomically related and thematically related stimuli 

were not well matched on subject ratings concerning the degree to which the stimuli were 

related thematically and taxonomically. The authors collected thematic and taxonomic 

ratings for their stimuli and found that taxonomically related stimuli showed a higher 

taxonomic rating compared to thematically related stimuli but there was no difference 

between thematically and taxonomically related stimuli in thematic ratings. Because the 

stimuli in the taxonomic category had higher thematic and taxonomic ratings compared to 

stimuli in the thematic category, it is unclear whether more eye fixations on 

taxonomically related stimuli observed in their study truly reflect the differential 

dependency on taxonomic vs. thematic categories. As a result, these results too are 

difficult to interpret with regards to the role of taxonomic and thematic knowledge in 

organizing object concepts. In Experiment 1, I addressed these methodological concerns 

in the following ways. First, I adopted a comprehension task to avoid the confound of 

lexically-based interference in production. Second, I included unrelated conditions as 

baselines to examine whether the taxonomic and thematic effects (i.e., the difference 

between related and unrelated conditions) emerge, which is a critical prediction if these 

are the principles delineating object concepts. Lastly, the stimuli I selected in the 

taxonomically related condition had higher taxonomic ratings (i.e., more likely to be in 

the same category) than the stimuli in the thematically related condition whereas the 
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thematically related condition had higher thematic ratings (i.e., more likely to co-occur in 

the same familiar scene or event) than the taxonomically related condition. 

2.3 Experiment 1 

The purpose of Experiment 1 was to test the predictions from the taxonomic-

dominant view (e.g., Piaget & Inhelder, 1959; Crutch & Warrington, 2005, 2010) while 

addressing methodological issues in previous experimental designs (cf. Crutch et al., 

2009; Crutch & Jackson, 2011; Lin & Murphy, 2001; Mirman & Graziano, 2011; Zhang 

et al., 2013). In addition, to better compare the performance of healthy subjects with 

performance of aphasic patients (e.g., Crutch & Warrington, 2005, 2010) I adopted a 

speeded word translation task which allows analysis of not only the response times but 

also the error rates in healthy subjects (see Campanella & Shallice, 2011 for a similar 

paradigm which produced response time and error patterns in healthy subjects similar to 

semantic aphasia patients). Because both naming/ comprehending pictures and translating 

words is slower when the pictures/words are grouped together in the same semantic 

category vs. grouped in different categories (e.g., Kroll & Stewart, 1994; Campanella & 

Shallice, 2011), this suggests that translation tasks capture access to concepts in a similar 

way as seen in other language comprehension tasks (e.g., picture matching). Hence, word 

translation is an appropriate paradigm to study access to concepts.  

In the word translation task, Chinese-English bilingual subjects selected an 

English word that corresponded to the Chinese word they heard, from an array of four 

English words taxonomically related, thematically related or unrelated. According to the 

taxonomic-dominant and taxonomic-plus-thematic views, the taxonomic (e.g., animal) 

and thematic (e.g., bone) category information associated with the target Chinese word 
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(e.g., dog) gets activated in this task. As a result, the taxonomically and thematically 

related distractor words become strong competitors and thus impeded subjects’ selection 

of the correct English word, leading to slower response times and/or more errors in the 

taxonomically and thematically related conditions. Therefore, both taxonomic-dominant 

and taxonomic-plus-thematic views predict that we should observe taxonomic and 

thematic interference effects in this translation task. They have diverging predictions 

regarding the effect sizes of the two effects. According to the taxonomic-dominant view, 

we rely more on the taxonomic category information when accessing the meaning of a 

word. Hence, the taxonomically related distractor words should show stronger 

competition in comparison to the thematically relate distractors, resulting in slower 

response times and/or more errors for selecting the correct English word in the taxonomic 

vs. thematic condition (i.e., a larger taxonomic effect). Therefore, the taxonomic-

dominant view predicts a larger taxonomic effect. In contrast, if the two categories play 

equally roles in word comprehension (i.e., the taxonomic-plus-thematic view; e.g., Geng 

et al., 2011; Hamilton & Martin, 2011; Lin & Murphy, 2001), I should observe similar 

thematic and taxonomic effects. By improving upon previous study designs and 

employing a new comprehension task, this experiment helps us to further understand the 

role of the two categories in the representation of object concepts. 

Method 

Subjects. 32 undergraduate students at Rice University participated in this 

experiment. All subjects were Chinese-English bilinguals, with more than 10 years of 

fluent English and Chinese experience (English: 15 years + 3.3; Chinese: 18 years + 2.3). 

Subjects in this and following experiments received class credit for their participation. In 
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accordance with the protocol approved by Rice University’s Institutional Review Board, 

subjects across all experiments gave their informed consent.  

Materials. I used 64 concrete English words and their Chinese translations. Stimuli 

in the thematically related condition were taken from Crutch and Warrington (2005, 

Experiments 4 and 5; 2007, Experiment 2), where thirty-two words were used in the 

thematically related condition and regrouped to form the unrelated condition. In the 

taxonomically related condition, there were eight categories: clothing, animals, 

vegetables, food, fruits, birds, instruments, and vehicles. These categories have been 

previously shown to demonstrate semantic effects in a number of comprehension and 

production tasks (e.g., Caramazza & Costa, 2000, 2001; Estes & Jones, 2009; Mahon, 

Costa, Peterson, Vargas, Caramazza, 2007; McRae & Boisvert, 1998; Moss, Ostrin, 

Tyler, Marslen-Wilson, 1995) and are related by visual (i.e., birds have fur and wings) 

and function features (i.e., instruments can play music) among others. There were four 

items in each category. Thirty-two words were used in the taxonomically related and 

unrelated conditions (see Appendix A). To verify the validity of the taxonomic and 

thematic relationship manipulation, I collected taxonomic and thematic ratings from 12 

subjects who did not participate in any of the experiments in this dissertation. Following 

the instructions used in recent studies (e.g., Mirman & Graziano, 2012; Schwartz et al., 

2011; Zhang et al., 2013), in the taxonomic rating session, subjects were asked to “decide 

to what extent these four things are members of the same category”. In the thematic 

rating session, subjects were asked to “decide to what extent these four things co-occur in 

a situation or scene.” The thematic ratings for the thematically related word arrays 

(average: 6.86) were significantly higher than the thematically unrelated word arrays 
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(average: 1.25) (t (14) = 63.31, p < .001). Similarly, the taxonomic ratings for the 

taxonomically related arrays (average: 6.24) were significantly higher than the 

taxonomically unrelated arrays (average: 1.08) (t (14) = 29.60, p < .001). Importantly, the 

thematic ratings for the thematically related arrays (average: 6.86) were significantly 

higher than the taxonomically related arrays (average: 3.88) (t (14) = 7.19, p < .001). The 

taxonomic ratings for the taxonomically related arrays (average: 6.24) were significantly 

higher than the thematically related arrays (average: 2.57) (t (14) = 19.90, p < .001). 

Given that previous studies showed an impact of semantic distance on response 

times in both comprehension and production paradigms (e.g., Campanella & Shallice, 

2011; Vigliocco, Vinson, Damian, & Levelt, 2002), I used the Latent Semantic Analysis 

(LSA, Landauer, Foltz, & Laham, 1998; http://lsa.colorado.edu) as a measure of semantic 

distance. The taxonomically and thematically related arrays were significantly closer in 

semantic distance than their corresponding unrelated arrays (taxonomically related vs. 

unrelated: t (14) = 4.47, p < .001; thematically related vs. unrelated: t (14) = 7.35, p 

< .001) but were not significantly different from each other (taxonomically vs. 

thematically related: t < 1). 

All stimuli in this and following experiments were adapted to Chinese by direct 

translation. In order to verify that the Chinese-English translations in this and following 

experiments were transparent, I recruited an additional 18 English-Chinese bilingual 

subjects who did not participate in any of the experiments in this dissertation (Age: 20 + 

2.4 years; English/Chinese bilinguals for more than 10 years (English: 14 years + 4.1; 

Chinese: 19 years + 3.1)), to complete a translation evaluation task where I presented a 

written English word and three or four either taxonomically or thematically related 
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written Chinese words from this experiment. Subjects chose a Chinese word from the 

related array to match the English word according to the meaning. I predicted that if the 

Chinese translations were confusing, they would make errors in choosing the correct 

Chinese word corresponding to the English word. If the error rate for a particular item 

was higher than 20%, I excluded that item from the data analysis. As a result, one item 

(blouse) in the taxonomically related condition and another item (camp) in the 

thematically related condition had more than 20% error, which I subsequently excluded 

from the data analysis. 

Design. The experiment consisted of four conditions, each with eight arrays. Each 

array consisted of four items. The conditions were as follows:   

a) thematically related: All four words were associated to each other (e.g., 

farmer, cow, tractor, barn) 

b) thematically unrelated: The four words were not taxonomically related to each 

other (e.g., camp, oven, anchor, monkey). The thematically unrelated arrays 

used the same items as the thematically related condition. 

c) taxonomically related: All four words were in the same semantic category 

(e.g., skirt, jacket, pants, blouse). 

d) taxonomically unrelated: All four words were not in the same semantic 

category (e.g., pants, ship, eggplant, rabbit). The taxonomically unrelated 

arrays used the same items as the taxonomically related condition. 

Each condition formed a block in which the eight arrays repeated four times, 

totaling 128 trials per block and 512 in the entire experiment. The order of block 

presentation was counterbalanced across subjects. 
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Procedure. This experiment was operated on DMDX software (Forster & Forster, 

2003). All subjects were tested individually, seated at a distance of about 65 cm from the 

computer screen. All responses were made on a standard PC keyboard. Testing was 

divided into four sessions: a language test, a familiarization session, a practice session, 

and the experimental session. 

 I used a language test to determine whether a subject was sufficiently fluent in 

both English and Chinese to participate in the experiment. During the language test, 

subjects heard a Chinese word from the experimental stimuli and were presented with an 

English word. Subjects indicated whether or not the two stimuli were matched by 

selecting either a “yes” or “no” key. Subjects had two seconds to respond. If accuracy 

were lower than 80%, the subject’s data were excluded.  

Following other translation studies (e.g., Bloem & La Heij, 2003; Navarrete & 

Costa, 2009; Zhang et al., 2013), subjects were given the correct pairs of auditory and 

visual stimuli. Subjects heard a Chinese word and saw an English word simultaneously. 

Each pair was only presented once. The practice session consisted of four items not used 

in the experimental session, which were organized into one array. Each item was used as 

the target item four times, creating 16 trials during the practice session. Trials were run in 

the same way in both the practice and experimental sessions. Subjects heard a Chinese 

word and were presented with four English words. Each English word was randomly 

assigned a number from 1 to 4. Subjects selected the English word that matched the 

Chinese word by pressing the corresponding number on the keyboard. Once the subject 

selected a response, or two seconds passed without a response, the next trial began. The 

same four English words were then pseudorandomly rearranged and another Chinese 
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word was presented from the same array. This procedure was repeated until all four 

Chinese words had been presented four times, each time utilizing the same array. The 

subject then moved on to the next array until he reached the end of the block. At this 

point the subject was allowed a short resting period before continuing on to the next 

block. The duration of the experiment was 40 minutes.  

Results and Discussion 

All subjects made less than 20% error on the language assessment test. Response 

times were discarded from the analyses whenever: (a) an incorrect English word was 

chosen; (b) there was no response; or (c) response times deviated from a subject’s mean 

by more than three standard deviations resulting in exclusion of 9% of the data.  

Two ANOVAs were computed with subjects and items as random variables. 

Fixed variables were semantic context (taxonomic vs. thematic), and relatedness (related 

vs. unrelated). The semantic context is a within-subject and between-item variable and 

relatedness is a within-subject and within-item variable. An overview of the mean 

response times and error rates for this experiment is presented in Table 2.1. The 

differences in the response times and error rates between the thematically related vs. 

unrelated and taxonomically related vs. unrelated conditions is presented in Figures 2.1 

and 2.2.  

Table 2.1. Response times (ms) and error rates (in the parenthesis) in Experiment 1. 

  Thematically 

Related 

Unrelated Taxonomically 

Related 

Unrelated 

Experiment 1 1352 (.14) 1327 (.10) 1295 (.13) 1223 (.06) 
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Figure 2.1. Error rate differences in the thematically related vs. unrelated (Thematic-

Unrel) and the taxonomically related vs. unrelated conditions (Taxonomic-Unrel) in 

Experiment 1. CI: confidence interval (within subjects). 
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Figure 2.2. Response time (RT) differences in the thematically related vs. unrelated 

(Thematic-Unrel) and the taxonomically related vs. unrelated conditions (Taxonomic-

Unrel) in Experiment 1. CI: confidence interval (within subjects). 

 In the error analysis, there was a significant main effect of type of semantic 

context, demonstrating more errors in the thematically related/unrelated conditions than 

the taxonomically related/unrelated conditions (F1 (1, 31) = 8.06, p = .01, MSE = .003; F2 

(1, 62) = 4.83, p = .03, MSE = .005). The main effect of relatedness was also significant, 

suggesting that subjects made more errors in the taxonomically/thematically related 

conditions than the unrelated conditions (F1 (1, 31) = 41.03, p < .001, MSE = .002; F2 (1, 

62) = 37.23, p < .001, MSE = .002). There was a marginally significant interaction 

between semantic context and relatedness, suggesting that the error rate difference was 

bigger in the taxonomically related vs. unrelated condition (.07), compared to the 

difference between the thematically related vs. unrelated condition (.04) F1 (1, 31) = 5.23, 
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p = .03, MSE = .002; F2 (1, 62) = 3.47, p = .07, MSE = .002). Planned t-tests (two-tailed) 

showed that error rates were significantly higher in the thematically related condition (.14) 

vs. the unrelated condition (.10) (t1 (31) = 3.73, p < .001; t2 (31) = 3.41, p = .002) and the 

taxonomically related (.13) vs. the unrelated condition (.06) (t1 (31) = 5.86, p < .001; t2 

(31) = 5.08, p < .001).  

In the response time analysis, there was a main effect of semantic context, 

indicating that response times in the thematically related/unrelated conditions were 

slower than those in the taxonomically related/unrelated conditions (F1 (1, 31) = 51.12, p 

< .001, MSE = 4043.44; F2 (1, 62) = 15.95, p < .001, MSE = 199700.65). The main effect 

of relatedness was also significant where response times in the related conditions were 

slower than the unrelated conditions (F1 (1, 31) = 82.36, p < .001, MSE = 915.03; F2 (1, 

62) = 15.81, p < .001, MSE = 4727.19). There was a significant interaction between 

semantic context and relatedness, showing that the size of the category effect (72ms) was 

significantly larger compared to the thematic effect (25ms; F1 (1, 31) = 10.36, p = .003, 

MSE = 1735.49; F2 (1, 62) = 4.54, p = .04, MSE = 4727.19). For the thematic effect, there 

was a marginally significant difference between thematically related (1352 ms) and 

unrelated (1327 ms) (t1 (31) = 2.59, p = .01; t2 (31) = 1.35, p = .19), while response times 

were significantly longer for taxonomically related (1295 ms) than for unrelated (1223 

ms) items (t1 (31) = 8.42, p < .001; t2 (31) = 4.18, p < .001).  

2.4 Discussion 

 I investigated the role of taxonomic and thematic categories in organizing object 

concepts in Experiment 1. According to the taxonomic-dominant view (e.g., Piaget & 

Inhelder, 1959; Crutch & Warrington, 2005, 2010), object concepts are organized both by 
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taxonomic and thematic categories but the taxonomic category is more important. This 

view predicts that in Experiment 1 the taxonomic and thematic effects should be 

observed but the size of the taxonomic effect should be bigger than the thematic effect. 

This is because when accessing the meaning of a word, that this access is affected 

(slowed down/speeded up) depending on whether taxonomic and thematic category 

information is activated. In this translation task, if the taxonomic (e.g., animal) and 

thematic (e.g., bone) category information associated with the target Chinese word (e.g., 

dog) gets activated, the taxonomically and thematically related distractor words become 

strong competitors and thus impeded subjects’ selection of the correct English word, 

leading to slower response times and/or more errors in the taxonomically and 

thematically related conditions. If we rely more on the taxonomic category information 

when accessing the meaning of a word, the taxonomically related distractor words should 

show stronger competition in comparison to the thematically relate distractors, resulting 

in a larger taxonomic effect. In contrast, the taxonomic-plus-thematic view proposes that 

taxonomic and thematic knowledge is equally important for word comprehension (Lin & 

Murphy, 2001; Murphy, 2001; Mirman & Graziano, 2012; Hamilton & Martin, 2011). 

This alternative view predicts that there should be no difference in the effect size between 

the taxonomic and thematic categories in Experiment 1. The results of Experiment 1 

revealed that when matching Chinese words to the corresponding English words from 

among multiple taxonomically related, thematically related or unrelated distractors, 

subjects produced higher error rates and longer response times in the two related 

conditions compared to the unrelated conditions. Critically, the size of the taxonomic 

effect was larger than the thematic effect, suggesting that subjects took longer time to 
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retrieve the correct English word associated with the meaning of the Chinese target word 

when required to identify and reject words taxonomically related to the target. Together, 

the results are consistent with the taxonomic-dominant view (e.g., Piaget & Inhelder, 

1959; Crutch & Warrington, 2005, 2010). Below I discuss how the results fit with 

previous evidence and possible alternative interpretations.  

That words were more difficult to translate in the context of taxonomically/ 

thematically related vs. unrelated words in Experiment 1 is consistent with previous 

studies in healthy and aphasic participants. As discussed in the introduction of this 

chapter, seven patients across different studies (A.Z., R.O.M., and F.B.I. in Crutch & 

Warrington, 2005, 2007, 2010; I.R.Q. in Crutch et al., 2006; UM-103 in Hamilton & 

Coslett, 2008; H.A. and D.Z. in Hamilton & Martin, 2011) committed more errors in the 

taxonomically related vs. the unrelated condition, while three of seven (UM-103 in 

Hamilton & Coslett, 2008; H.A. and D.Z. in Hamilton & Martin, 2011) committed more 

errors in the thematically related vs. unrelated condition. Moreover, a number of priming 

studies with healthy participants reported faster response times in a lexical decision and 

word reading task when the target word (e.g., dog) was presented after either a 

taxonomically or thematically related prime (e.g., cat or bone) compared to an unrelated 

prime (e.g., table) (see Hutchison, 2003, for a review). These results suggest that once 

activated, a concept spreads activation to taxonomically and thematically related 

concepts, facilitating the recognition of target words. Thus, these studies suggest that 

taxonomic and thematic categories are both organizing principles for object concepts. 

According to the taxonomic-dominant view (e.g., Piaget & Inhelder, 1959; Crutch 

& Warrington, 2005, 2010), the larger taxonomic effect suggests that the taxonomic 
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category is more important in comparison to the thematic category for the representation 

of object concepts. As discussed in Chapter 1, the larger taxonomic effect during word 

comprehension can be interpreted from the perspective of cognitive development. 

Specifically, according to cognitive development theory (e.g., Piaget & Inhelder, 1959; 

Inhelder & Piaget, 1964), there is a thematic-to-taxonomic shift for children ages 4-8 

where young children rely on thematic categories to classify objects while older children 

and adults rely on taxonomic categories. This shift reflects a radical change in children’s 

cognitive abilities (e.g., Piaget & Inhelder, 1959; Vygotsky, 1962; Inhelder & Piaget, 

1964; Baldwin, 1989; Waxman & Kosowski, 1990; Waxman & Gelman, 1986). Before 

children develop logical thinking, they rely on observations (e.g., thematic relationships; 

The dog is chewing the bone) in daily life to classify objects. Once they develop logical 

thinking and generalization ability, they start forming taxonomic categories. In 

comparison to thematic categories, learning taxonomic categories requires more logical 

thinking and generalization. For example, in order to know that “a dog is an animal” but 

“a toy dog is not” (although they look very similar), children have to understand the 

critical properties which define what an animal is (e.g., has skin, eats, breathes, can move 

around). Thus, it has been argued that children acquire taxonomic categories later than 

thematic categories (Vygotsky, 1962; Inhelder & Piaget, 1964). After children acquire 

taxonomic categories, they use them to classify objects more than thematic categories, as 

taxonomic categories provide a more efficient way to learn new words, identify new 

objects and communicate with others (i.e., taxonomic preference; e.g., Markman, 1989). 

For example, once children learned that “dogs can eat”, they quickly identified that “cats 

can eat too”, as dogs and cats are animals and “eating” is a critical property for the 
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animal category. This taxonomic preference continues into adulthood. Therefore, the 

larger taxonomic effect observed in Experiment 1 supports the taxonomic-dominant view 

(e.g., Piaget & Inhelder, 1959; Crutch & Warrington, 2005, 2010).  

Can the distributed-feature view interpret the results in Experiment 1? 

According to the distributed-feature view (e.g., Allport, 1985; Barsalou, 1999, 

2008; Crutch and Warrington 2003; Damasio et al., 2004; Gallese & Lakoff, 2005; 

Martin et al., 2000; Patterson et al., 2007; Pulvermuller, 2005), object concepts are 

grounded in sensory/motor neural systems. Yet, different versions of the distributed-

feature view have diverging assumptions regarding whether there are neural mechanisms 

underlying taxonomic and thematic categories independent from sensory/motor brain 

networks. The distributed-only theories propose that all category information is 

represented in the sensory/motor neural systems (e.g., Allport, 1985; Barsalou, 1999, 

2008; Tyler & Moss, 2001) whereas the distributed-plus-category theories (Lambon 

Ralph & Patterson, 2008; McClelland & Rogers, 2003; Patterson et al., 2007; Rogers et 

al., 2004; Mirman & Graziano, 2011, 2012; Schwartz et al., 2011) state that taxonomic 

and thematic categories are represented in two brain regions separately from sensory-

motor systems (i.e., bilateral ATLs for the taxonomic category and left TPJ for the 

thematic category). Below I discuss how these two versions of distributed-feature view 

account for the results of Experiment 1. 

Under this distributed-plus-category view, when people access an object concept 

(e.g., banana), it activates not only features (e.g., yellow) associated with this object 

concept but also other object concepts either taxonomically (e.g., apple) or thematically 

related (e.g., monkey) to the object concept. Under this view, in Experiment 1, once 
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subjects heard the Chinese target word, this concept (e.g., dog) spread activation to 

taxonomically (e.g., rabbit, squirrel) and thematically related (e.g., bone, doghouse) 

concepts. Consequently, this resulted in more difficulty in selecting the corresponding 

English word among the taxonomically or thematically related vs. unrelated words. 

Therefore, the distributed-plus-category view (e.g., Patterson et al., 2007; Schwartz et al., 

2011; Mirman & Graziano, 2012) also interprets the thematic and taxonomic effects in 

Experiment 1. However, it cannot explain why the taxonomic effect was larger than the 

thematic effect, as the distributed-plus-category view assumes that taxonomic and 

thematic categories are two parallel conceptual systems and equally important for the 

organization of object concepts. In summary, the distributed-plus-category view can 

interpret taxonomic and thematic effects but not the different effect sizes between the two 

effects. 

On the other hand, the distributed-only theories (e.g., Allport, 1985; Barsalou, 

1999, 2008; Warrington & Shallice, 1984; Tyler & Moss, 2001) can interpret the 

taxonomic effect via features. According to the distributed-only theories (e.g., Allport, 

1985; Barsalou, 1999, 2008; Warrington & Shallice, 1984; Tyler & Moss, 2001), all 

category knowledge is grounded in sensory-motor neural systems. When people access 

an object concept (e.g., dog), multiple sensory-motor features (e.g., color, shape, size, 

action, function) associated with this concept get activated. Previous studies showed that 

the features shared among objects (e.g., shape, function, action) impacted people’s 

behavior (e.g., response times and eye movements) during object recognition and word 

comprehension (e.g., Myung, Blumstein, & Sedivy, 2006; Yee et al., 2011). For the eight 

taxonomic categories (i.e., clothing, animals, vegetables, food, fruits, birds, instruments, 
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and vehicles) in Experiment 1, the objects (e.g., chicken, duck, pigeon, goose) in each 

category (e.g., bird) have common features (e.g., have wings, feathers and can fly). As a 

result, in Experiment 1, once subjects heard the Chinese target word, this concept (e.g., 

duck) spread activation to taxonomically related concepts (e.g., chicken, goose) due to the 

similar features (e.g., feathers, wings) shared among them. Consequently, this resulted in 

more difficulty in selecting the corresponding English word among the taxonomically 

related vs. unrelated words. Therefore, according to the distributed-only view (e.g., 

Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 1984; Tyler & Moss, 2001), 

the taxonomic effect in Experiment 1 could be driven by the feature overlap among the 

objects in the same taxonomic category.  

Can the distributed-only view account for the thematic effect in Experiment 1 

using feature overlap? In contrast to taxonomic categories (e.g., birds) that group objects 

sharing common “internal” features (e.g., have wings, feathers and can fly), thematic 

categories group objects with “external” links (i.e., co-occurrence in the same scenario). 

Hence, unlike members in the same taxonomic category, thematically related objects 

(e.g., monkey, banana, cage, zoo) usually do not share features. Thus, it is not likely that 

the thematic effect in Experiment 1 can be interpreted via feature overlap. However, a 

recent functional neuroimaging study (Kalénine et al., 2009) made the first attempt to 

interpret their thematic category results in terms of the distributed-only view (e.g., 

Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 1984; Tyler & Moss, 2001). 

In this picture-matching task, subjects selected which of two pictures was related to a 

target picture, where the relationship between the target and matched picture was either 

taxonomic or thematic. Greater activity was observed for taxonomically related pictures 
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in bilateral visual areas (cuneus, BA 18) and greater activation for thematically related 

pictures in a bilateral temporo-parietal network including inferior parietal lobe (BA 

39/40) and posterior middle temporal lobe (BA 21/22). The left posterior middle 

temporal lobe is considered a key region for action and tool knowledge (e.g., Kable, 

Buxbaum, & Coslett, 2010; Martin & Chao, 2001; Noppeney, 2008). Kalénine et al. 

proposed that these results reflect the different features inherent in the two categories. 

Taxonomic categories share more visual features whereas thematic categories involve 

more function/action features. More specifically, “thematic conceptual relations rely on 

contextual/functional relations between objects that are not of the same kind (e.g., dog–

doghouse, saw–wood) but that could be met in the same event schema (Nelson, 1983). 

Therefore, thematic relations involve temporo-spatial relations between objects and 

action experience.” (Kalénine et al., 2009, p. 1153). In other words, Kalénine and 

colleagues propose that the relationship between two objects (e.g., saw and wood) in the 

same thematic category involve function/action features (e.g., cutting; using a saw to cut 

the wood), though saw and wood do not share function features (cutting). Therefore, the 

thematic effect in Experiment 1 could be due to feature relations among the objects in the 

same thematic category. 

To examine this distributed-only account (Kalénine et al., 2009), I collected 

ratings from 10 subjects regarding the visual features for the eight taxonomic categories 

in Experiment 1 and functional features in the thematic categories used in Experiment 1. 

For the visual features for the eight taxonomic categories, I asked the subjects to rate 

word pairs according to how likely they share similar visual features (e.g., shape and 

color). For function features for the thematic categories, I asked subjects to rate word 
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pairs according to how likely the purpose of use for one of the two objects is to perform 

action on the other one (e.g., a saw is used to cut wood; a similar definition used in Moss 

et al., 1995). Consistent with this distributed-only account (Kalénine et al., 2009), 

subjects described more visual features shared by the taxonomically related vs. unrelated 

conditions and more function features in the thematically related vs. unrelated conditions 

(p’s < .05). Therefore, the taxonomic and thematic effects can be interpreted via the 

distributed-only account (Kalénine et al., 2009). 

If the taxonomic categories shared more visual features and thematic categories 

involved more function features, why did subjects take longer time and made more errors 

in the taxonomically vs. thematically related conditions? Although the distributed-only 

account can explain the larger taxonomic vs. thematic effect (explain effects) by 

assuming more features shared by the members in the same taxonomic category, the fact 

that both categories each have features associated with them casts doubt on whether this 

view accounts for the pattern in the data. In line with the distributed-only view, a recent 

eye-tracking study indicates that visual features associated with an object are activated 

earlier than function features (Yee, Huffstetler, & Thompson-Schill, 2011). Given that I 

employed a speeded task in Experiment 1, the larger taxonomic effect could be due to the 

early activation of visual features shared among members in the same taxonomic 

category. Therefore, the larger taxonomic effect can be interpreted via the distributed-

only account (Kalénine et al., 2009) if this account assumes that visual features are 

activated earlier than function features. 

In summary, the results of Experiment 1 can be interpreted via two constrasting 

theoretical views developed from the behavioral (e.g., Piaget & Inhelder, 1959; Crutch & 



	   45 

Warrington, 2005, 2010; Crutch et al., 2009; Crutch & Jackson, 2011; Lin & Murphy, 

2001; Murphy, 2001; Mirman & Graziano, 2011; Hamilton & Martin, 2011) vs. 

neuroanatomical data (e.g., Damasio et al., 2004; Gallese & Lakoff, 2005; Martin et al., 

2000; Patterson et al., 2007; Pulvermuller, 2005). The taxonomic-dominant view (e.g., 

Crutch & Warrington, 2005, 2010) from the behavioral research line (e.g., Piaget & 

Inhelder, 1959; Crutch & Warrington, 2005, 2010; Crutch et al., 2009; Crutch & Jackson, 

2011) assumes that we rely on both taxonomic and thematic knowledge when 

understanding words but taxonomic knowledge plays a greater role. In contrast, the 

distributed-only view (Kalénine et al., 2009) can interpret the results of Experiment 1 via 

different features inherent in the taxonomic and thematic categories (i.e., more visual 

features associated with taxonomic categories and more function features with thematic 

categories). The early activation of visual features shared among objects in the same 

taxonomic category could lead to the larger taxonomic effect in the speeded translation 

task (Experiment 1). 

2.5 Conclusion 

 By improving upon previous study designs and employing a new comprehension 

task, Experiment 1 provides novel evidence in healthy subjects regarding the role of 

categories during word comprehension. I tested predictions not previously examined in 

healthy people from the taxonomic-dominant view (e.g., Crutch & Warrington, 2005, 

2010). Consistent with the taxonomic-dominant view, the results suggest that taxonomic 

and thematic information is critical for the organization of object concepts but taxonomic 

knowledge plays a greater role. However, due to the unbalanced features (e.g., more 

visual features in taxonomic vs. thematic categories) involved in the taxonomic and 
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thematic categories used in the Experiment 1, it is not clear whether different features in 

the two categories impacted the results and created a larger taxonomic compared to 

thematic effect on word comprehension. To address this question, In Experiment 2, I 

investigated the role of taxonomic and thematic categories in word comprehension while 

controlling for visual and function features. 
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Chapter 3   Role of Category and Feature Information in Word Comprehension  

As discussed in Chapter 2, there are two contrasting views regarding whether 

category information gets activated during word comprehension. The taxonomic-

dominant view (e.g., Piaget & Inhelder, 1959; Crutch & Warrington, 2005, 2010) 

assumes that we rely on both thematic and taxonomic knowledge to know what an object 

is (e.g., when hearing the word ‘chair’ understanding the meaning to which it refers). In 

contrast, the distributed-only view (e.g., Warrington & Shallice, 1984; Barsalou, 1999, 

2008; Kalénine et al. 2009) claims that sensory/motor features inherent in the taxonomic 

and thematic categories rather than the category information are critical for people to 

understand a word. Although my own research (Geng & Schnur, 2015) and other 

behavioral studies demonstrated that taxonomic and thematic category information 

impacts word comprehension (e.g., Crutch & Warrington, 2005, 2010; Crutch et al., 

2009; Crutch & Jackson, 2011; Zhang et al., 2013; Mirman & Graziano, 2011; Lin & 

Murphy, 2001), to my knowledge none of this work controlled for features involved in 

the two categories, which renders the results hard to interpret (i.e., taxonomic and 

thematic effects can be driven by either feature overlap or category information). In 

Experiment 2, I investigated whether taxonomic and thematic categories impact word 

comprehension while controlling for visual (e.g., shape) and function features (e.g., the 

purpose of use). 

A number of neuroimaging studies have demonstrated that object features get 

activated when people access an object concept (e.g., object recognition, picture naming, 

and word comprehension). For example, when people generated object-associated 

features (i.e., colors and actions), color word generation (e.g., “red” for the child’s wagon) 
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activated fusiform gyrus (a visual region) and action words generation (“pull” in response 

to a child’s wagon) activated left pMTG that are involved in action observation and 

execution (for a review see Noppeney, 2008) (Martin et al., 1995; Chao & Martin, 1999). 

In addition, in a variety of naming and comprehension tasks, the stimuli from the tool 

category activated premotor cortex and left pMTG regions (action/function regions) 

whereas animal stimuli activated bilateral ventral temporal cortex (e.g., fusiform) that is 

responsible for processing color and form (see reviews, Martin, 2001, 2007; Thompson-

Schill, 2003). Moreover, food pictures recruited the right insula and the left orbiofrontal 

cortex, two gustatory processing areas (e.g., Simmons, Martin, & Barsalou, 2006). Taken 

together, these studies suggest that people activate information associated with different 

modalities (e.g., visual, motor, taste) when accessing a concept. 

However, behavioral evidence provides inconsistent results regarding whether 

sensory/motor features associated with objects are activated when people access the 

meaning of words (e.g., Flores d’Arcais et al., 1985; Schreuder et al., 1984; Pecher et al., 

1998; Yee et al., 2011). Recently, an eye-tracking study explored the activation patterns 

for visual and function features during object identification (Yee et al., 2011). In this 

study, participants viewed 4-picture displays and clicked a picture corresponding to an 

auditory word. One of the four pictures shared the same shape (e.g., picture: “pizza”; 

target word: “Frisbee”) or function (e.g., picture: “stapler”; target word: “paperclip”) with 

the target object. When subjects were given a short preview session (1s) for 4-picture 

displays, there were more fixations on the shape related pictures compared to unrelated 

pictures but no difference between the functional related and unrelated pictures. In 

contrast, after a longer preview session (2s), subjects showed more fixations on 
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functional related pictures but no difference between the shape related and unrelated 

pictures. Therefore, Yee et al. concluded that visual features of object concepts (e.g., 

shape) were activated earlier than function features. However, because the two objects in 

the functional related pairs in Yee et al. were in the same taxonomic category (e.g., 

staplers and paperclips are office supplies), more fixations on the functional related 

pictures could be driven by either function features or the taxonomic category, suggesting 

that the late activation may not necessarily be due to function features. On the other hand, 

other studies using response times as a behavioral measure did not find that manipulating 

visual features shared among objects impacted word comprehension (Pecher et al., 1998; 

Kellenbach, Wijers, & Mulder, 2000). For instance, in a semantic priming paradigm, 

subjects decided whether a target word (e.g., pizza) was a real word following a prime 

word that was either shape related (e.g., coin) or unrelated (e.g., fish). The response times 

for the target word were similar between the shape related and unrelated conditions, 

indicating that visual features (e.g., shape) of object concepts do not get activated during 

word comprehension (e.g., Pecher et al., 1998; Kellenbach et al., 2000). In summary, due 

to the inconsistent results between behavioral and neuroimaging studies, it remains 

controversial whether visual features associated with objects are activated when we 

access the object concept.  

In order to have converging behavioral evidence with the neuroimaging evidence 

to show that object features are activated when people access the object concept, I first 

replicated Yee et al. (2011)’s findings using response times in a semantic priming 

paradigm. Due to sensitivity to timing, this paradigm has been employed to study the 

activation time courses for various semantic relationships between the prime and target 
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via manipulating time intervals between the prime and target (e.g., taxonomic category, 

thematic category, perceptual relationship; e.g., Estes & Jones, 2011; see Hutchison, 

2003 for a review). Thus, the semantic priming paradigm is a good tool to study the 

activation patterns of shape and function features. 

The second aim of Experiment 2 was to clarify whether the later activation in Yee 

et al. was driven by function features and/or taxonomic category. The early vs. late 

activation associated with visual and function features in Yee et al. (2011) is critical to 

interpret the larger taxonomic effect in Experiment 1 in terms of the distributed-only 

account (Kalénine et al. 2009) (i.e., more visual features associated with taxonomic 

categories led to the larger taxonomic effect in Experiment 1 with a short deadline). 

However, due to the category confound in Yee et al’s stimuli (i.e., function related 

stimuli were also in the same taxonomic category), it is unclear to what degree function 

feature or category information impacted the results. Therefore, in Experiment 2, I 

examined whether taxonomic and thematic categories with function features show similar 

later activation patterns compared to visual features when people access the meaning of 

words.  

3.1 Evidence in the semantic priming paradigm for visual features  

There are inconsistent results regarding the priming effect of visual features in the 

semantic priming literature (Flores d’Arcais et al., 1985; Pecher, Zeelenberg, & 

Raaijmakers, 1998; Schreuder et al., 1984). Although two early semantic priming studies 

reported that the recognition of a target word (e.g., ball) was facilitated when it was 

paired with a prime word (e.g., cherry) sharing the same shape feature with the target 

(Flores d’Arcais et al., 1985; Schreuder et al., 1984), these two studies were criticized on 
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methodological problems (for details, see Moss et al., 1995; Pecher et al., 1998). First, 

because Flores d’Arcais et al. (1985) and Schreuder et al. (1984) used different word 

stimuli in the shape related and unrelated conditions, the shape priming effect could be 

due to other unmatched variables (e.g., familiarity, frequency, imageability) that impact 

word comprehension rather than due to the shape features shared between the two objects. 

Second, the prime words remained on the screen when the target words appeared in the 

two early studies (Flores d’Arcais et al., 1985; Schreuder et al., 1984). The presentation 

of the prime and target together may promote the use of strategies (e.g., check the 

relationship between prime and target before responding to the target word), because 

attention is drawn to the relation between the prime and target (Shelton & Martin, 1992; 

see also Williams, 1996). Some support for these methodological confounds comes from 

Pecher et al.’s (1998) failure to replicate the shape priming effect using more standard 

methodology. With the same stimuli in the shape related and unrelated conditions and 

one word presented at a time, Pecher et al. (1998) investigated the shape priming effect in 

a series of experiments. They did not observe the shape priming effect in either lexical 

decision or word reading task. However, subjects demonstrated a shape priming effect in 

the word reading task immediately after making judgments about the shape features of 

the words’ referents (Pecher et al., 1998). Therefore, Pecher et al. argued that neither 

lexical decision nor word reading task fully activated the features involved in the word 

pairs (for a similar argument, see Becker, Moscovitch, Behrmann, & Joordens, 1997; 

Joordens & Becker, 1997), but the visual judgment prior to these tasks boosted the 

activation of visual features (e.g., shape), resulting in the shape priming effect. Therefore, 

inconsistent with the distributed-only view (e.g., Allport, 1985; Barsalou, 1999, 2008; 
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Gallese & Lakoff, 2005) that visual features associated with objects are automatically 

activated when people access an object concept, the results from semantic priming 

studies are mixed. 

In order to a) make sure that the semantic information for prime-target pairs is 

fully activated during word reading and b) explore the potential temporal activation 

patterns of the shape feature associated with objects, I adopted the following 

experimental design. First, similar to Pecher et al. (1998), I used the same stimuli in the 

shape related and unrelated conditions and presented one stimulus at one time. Second, 

because in a typical semantic priming paradigm, subjects respond only to targets and do 

not perform any task with primes, it is hard to know whether people access the semantic 

information of the prime. Thus in order to make sure that subjects access the semantic 

information for prime-target pairs especially the primes, I used pictures as primes, as 

pictures have more direct access to concepts compared to words (e.g., Bajo, 1988; Carr, 

McCauley, Sperber, & Parmellee, 1982). Third, in order to avoid the problem discovered 

by previous studies (e.g., Becker et al, 1997; Pecher et al., 1998) that lexical decision and 

word reading tasks does not deeply tap semantic processing, I employed a semantic 

decision task (i.e., deciding whether the target word is a living or non-living thing). This 

task is considered to access deep semantic information for the word pairs (e.g., Becker et 

al, 1997; McRae & Boisvert, 1998). Finally, given that the three previous priming studies 

(Flores d’Arcais et al., 1985; Schreuder et al., 1984; Pecher et al 1998) investigated the 

activation of shape features between prime and target with short SOAs (300-500ms) but 

not at long SOAs (e.g., >800ms), it remains unclear how the activation of shape features 

changes with time (e.g., early activation; Yee et al., 2011). Therefore, in Experiment 2, I 
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investigated the shape priming effect at both short (Experiment 2a) and long SOAs 

(Experiment 2b). By improving upon previous study designs and employing a new task 

with pictures as primes, this study helps us to further understand the role of visual 

features (e.g., shape) when accessing the meanings associated with words. 

The distributed-only (Kalénine et al 2009) and taxonomic-dominant accounts 

(e.g., Piaget & Inhelder, 1959; Crutch & Warrington, 2005, 2010) have different 

predictions regarding the shape priming effect. Specifically, based on Yee et al (2011)’s 

findings, the distributed-only account should predict a shape priming effect at the short 

SOA and a smaller or no shape priming effect at the long SOA. In contrast, given that the 

taxonomic-dominant account does not have any explicit assumption regarding features, 

this account remains agnostic on the question of whether there is a shape priming effect.  

3.2 Evidence in the semantic priming paradigm for function features 

The function feature associated with an object (e.g., saw) refers to the purpose of 

use for that object (e.g., cutting) (e.g., Canessa et al., 2008; Moss et al., 1995; Yee et al., 

2011). There are at least two approaches to investigate the function feature of an object in 

the semantic priming paradigm. One approach is to use prime-target pairs with a function 

feature overlap (e.g., saw and axe are used to cut things). In this case, the two objects 

(e.g., saw-axe) usually belong to the same taxonomic category (e.g., tool). The second 

approach is to use word pairs with a function feature connection (i.e., a saw is used to cut 

the wood). In this case, the two objects usually share a thematic category (e.g., saw and 

wood are related to the same theme). Thus, two functionally related objects belong to 

either the same taxonomic or thematic category, which provides a way to match function 
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features involved in the taxonomic and thematic categories in order to compare whether 

the two categories show similar effects across SOAs.  

Few studies have investigated the priming effect of function features involved in 

either the taxonomic or thematic category. To my knowledge, to date only Moss, Ostrin, 

Tyler, and Marslen-Wilson (1995) have explored the priming effects of function features 

(e.g., clean) involved in the thematic category (e.g., broom-floor). To define the function 

feature in the thematic category, Moss et al. asked subjects to rate how likely one of the 

two objects was used to do something to the other object. They manipulated the time 

interval between word pairs (i.e., inter-stimulus interval, ISI). Additionally, Moss et al. 

included stimuli from two taxonomic categories (i.e., animal and tool) in the same 

experiments but did not manipulate features in either of the two categories. Consistent 

with the larger taxonomic effect in Experiment 1 (i.e., taxonomic effect: 72ms; thematic 

effect: 25ms), the effect size of taxonomic priming (88ms) was larger than the thematic 

(/function) priming effect (54ms) for the short ISI in Moss et al. (Experiment 1), though 

they did not statistically compare these two priming effects. As I argued in Chapter 2, 

according to the distributed-only account and Yee et al. (2011), the larger taxonomic 

effect in Experiment 1 and the results of Moss et al. (Experiment 1) could be potentially 

due to the overlap of visual features (e.g., shape) between objects in the same taxonomic 

category. Interestingly, consistent with the findings of late activation of function features 

(Yee et al., 2011), there was an opposite pattern (thematic/function priming: 50ms; 

taxonomic priming: 36ms) for the long ISI in Moss et al. (Experiment 2), indicating that 

function features in the thematically related word pairs led to a larger thematic priming 

effect. Although the distributed-only account can interpret the results of Moss et al. 
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(Experiments 1&2) based on the early vs. late activation associated with visual and 

function features, because Moss et al. did not manipulate either visual or function 

features in the taxonomic categories, it is not clear to what degree visual/function features 

or taxonomic category impacted the results. Therefore, in order to answer this question, it 

is critical to investigate the priming effects of taxonomic and thematic categories while 

controlling for both visual and function features.  

In order to distinguish between the distributed-only (Kalénine et al 2009; Yee et 

al., 2011) and the taxonomic-dominant accounts (e.g., Piaget & Inhelder, 1959; Inhelder 

& Piaget, 1964; Crutch & Warrington, 2005, 2010), I investigated the temporal activation 

patterns associated with features and categories when people access the meaning of 

words in Experiment 2. Specifically, I included word pairs with function feature overlap 

(the purpose of use) in taxonomic (e.g., bus-airplane) and thematic categories (e.g., 

broom-floor) and visual feature overlap (shape: pizza-coin) with no category overlap. 

Because Yee et al (2011) found that visual and function features show distinct activation 

time courses (visual early, function later), I also manipulated the time interval between 

the onset of the prime and the onset of the target (stimulus onset asynchronies, SOAs). If 

just features but not categorical information associated with a word is activated when 

retrieving word meaning (the distributed-only view in combination with the Yee et al. 

findings; Kalénine et al. 2009; Yee et al., 2011), I should observe faster response times in 

shape related (e.g., pizza- coin) vs. unrelated (e.g., pizza- book) condition (a shape 

priming effect) at the short SOA (Experiment 2a) and faster response times in the 

functionally related (e.g., taxonomic: bus-airplane; thematic: broom-floor) vs. unrelated 

condition at the long SOA (Experiment 2b) regardless of the taxonomic or thematic 
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categories to which they belong. In contrast, if thematic and taxonomic knowledge gets 

activated and taxonomic knowledge is more important for word comprehension as 

compared to thematic knowledge (the taxonomic-dominant view; e.g., Piaget & Inhelder, 

1959; Inhelder & Piaget, 1964; Crutch & Warrington, 2005, 2010), I should observe a 

larger taxonomic priming effect in comparison to the thematic effect across two SOAs. 

3.3 Experiment 2a (SOA 500) 

Method 

Subjects. Twenty-eight English native speakers who did not took part in 

Experiment 2b participated in Experiment 2a. 

Materials. There were 180 target-prime pairs, 30 in each condition (i.e., shape 

related and unrelated, taxonomically related and unrelated, thematically related and 

unrelated, see Appendix B). Targets were words and primes were pictures taken from 

Snodgrass and Vanderwart (1980). The 30 prime pictures in each related condition were 

regrouped to form the corresponding unrelated condition. To verify the validity of the 

taxonomic and thematic category manipulation, I collected taxonomic and thematic 

ratings from 20 subjects who did not participate in Experiment 2. Following the 

instructions used in recent studies (e.g., Mirman & Graziano, 2012; Schwartz et al., 2011; 

Zhang et al., 2013), in the taxonomic rating session, subjects were asked to “decide to 

what extent these two things are members of the same category”. In the thematic rating 

session, subjects were asked to “decide to what extent these four things co-occur in a 

familiar situation or scene.” The thematic ratings for the thematically related condition 

were significantly higher than the thematically unrelated condition (t (29) = 122.69, p 

< .001) (see Table 3.1). Similarly, the taxonomic ratings for the taxonomically related 
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condition were significantly higher than the taxonomically unrelated condition (t (29) = 

48.25, p < .001). Importantly, the thematic ratings for the thematically related condition 

were significantly higher than the taxonomically related condition (t (58) = 6.42, p 

< .001). The taxonomic ratings for the taxonomically related condition were significantly 

higher than the thematically related condition (t (58) = 14.32, p < .001). I manipulated 

function features in the taxonomically and thematically related conditions. Based on the 

definition of function feature (i.e., the purpose of use; e.g., Yee et al., 2011; Canessa et 

al., 2008; Moss et al., 1995), the function feature overlap for taxonomically related pairs 

(e.g., bus - airplane) refers to whether the two objects share the same purpose of use 

(e.g., to carry people from one place to another place) and for thematically related pairs 

(e.g., broom - floor) depends on whether the purpose of use for one of the two objects is 

used to do something on the other object (e.g., a broom is used to clean the floor). 

Following the instructions used in Yee et al. and Moss et al., 20 subjects rated each word 

pair on a 1-7 scale for shape similarity: “picture the things that the words refer to and rate 

them according to how similar their shapes are”, 20 subjects rated function similarity: 

“rate the following pairs of objects according to how similar their functions (i.e., the 

purpose of use) are”, and 20 subjects rated function relatedness: “rate the following pairs 

of objects according to how likely the purpose of use for one of the two objects is to do 

something to the other one”. None of the subjects in the rating experiments participated 

in Experiments 2a and b. Ratings are reported in Table 3.1. Shape ratings for the shape 

related word pairs were significantly higher than the shape unrelated word pairs and the 

other two related conditions (t’s > 37.36, p’s < .0001). Function similarity ratings for the 

taxonomically related condition were significantly higher than its unrelated condition, the 
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shape related condition, and the thematically related condition (t’s > 43.23, p’s < .0001). 

Function relatedness ratings for the thematically related condition were significantly 

higher than its unrelated condition, the shape related condition, and the taxonomically 

related condition (t’s > 60.21, p’s < .0001). According to these ratings, the pairs in the 

taxonomically related condition were related in terms of function features (measured by 

function similarity ratings) and taxonomic category and the pairs in the thematically 

related condition were related in terms of function features (measured by function 

relatedness ratings) and thematic category. 

Table 3.1 Rating averages and standard deviations (in parentheses) for the six related 

and unrelated conditions in Experiment 2. 

  
Shape 

similarity 
Function 
similarity 

Function 
relatedness Taxonomic Thematic 

Condition M SD M SD M SD M SD M SD 

Shape related 4.94 0.82 1.65 0.24 1.76 0.58 1.92 0.32 1.92 0.77 

Shape unrelated 1.30 0.41 1.22 0.24 1.88 0.58 1.41 0.30 1.77 0.78 
Thematically 

related 1.32 0.53 1.91 0.41 5.81 0.57 2.58 0.51 6.29 0.47 
Thematically 

unrelated 1.33 0.70 1.18 0.10 1.86 0.54 1.37 0.10 1.81 0.51 
Taxonomically 

related 1.68 0.51 4.63 0.74 2.71 0.95 5.12 0.83 4.20 0.81 

Taxonomically 
unrelated 1.38 0.41 1.36 0.35 1.80 0.53 1.58 0.36 1.96 0.61 

According to the two category ratings, the taxonomically related pairs showed 

high ratings not only in the taxonomic ratings (5.1) but also the thematic ratings (4.1). 

This could be a potential problem if the results show a larger taxonomic priming effect, 

as the larger effect can be due to the fact that the taxonomically related pairs were related 

in both taxonomic and thematic categories but not necessarily due to the greater role of 
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the taxonomic category based on the taxonomic-dominant view (e.g., Crutch & 

Warrington, 2005). However, because I did not find either significant taxonomic 

/thematic priming effects or significant difference between the taxonomic and thematic 

priming effects in Experiment 2, I did not discuss this rating problem further. 

Association between words in related pairs was very low according to the 

University of South Florida free association norms (Nelson et al., 2004). Specifically, for 

all related pairs, average association was around 0.0 in both the forward and back word 

directions. The word pairs in the taxonomically (0.27) and thematically related conditions 

(0.34) were matched on semantic distance (t (58) = 1.39, p = .17) (LSA, Landauer et al., 

1998). A semantic decision task (i.e., “Does the word refers to something that is alive?”) 

was used for target words. Another 60 prime-target filler pairs with living things as 

targets were included such that there were 50% “yes” trials.  

Design. The experiment consisted of six conditions (three related, three unrelated), 

each with 30 word pairs. The conditions were as follows:   

a) shape related (e.g., pizza-coin): The prime and target in each pair had high 

rating on shape similarity and were taxonomically and thematically unrelated.  

b) shape unrelated (e.g., pizza-door): The prime and target in each pair were not 

similar in shape or function, and were taxonomically and thematically 

unrelated. The primes in the shape related condition were re-paired with the 

targets to form this condition. 

c) taxonomically related (e.g., bus-airplane): The prime and target in each pair 

were in the same taxonomic category and had high rating on function 

similarity.  
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d) taxonomically unrelated (e.g., bus-paper): The prime and target in each pair 

were taxonomically and thematically unrelated and not similar in shape or 

function. The primes in the taxonomically and functionally related condition 

were re-paired with the targets to form this condition. 

e) thematically related (e.g., broom-floor): The prime and target in each pair 

were thematically related and had high rating on function relatedness. 

f) thematically unrelated (e.g., broom-phone):  The prime and target in each pair 

were taxonomically and thematically unrelated and not similar in shape or 

function. The primes in the thematically and functionally related condition 

were re-paired with the targets to form this condition. 

The 350 trials including 180 experimental prime-target pairs and 170 filler prime-

target pairs were split into two blocks of 175 trials each. All fillers had living things as 

target words such that 50% target words in the experiment were living things. There were 

15 trials of each experimental condition and 85 filler trials per block. Trial presentation 

within each block was pseudo-randomized such that no consecutive words were 

semantically or phonologically related, and no three shape, or functionally related 

conditions occurred consecutively. All subjects saw the two blocks in different orders 

balanced among these subjects. Three warm-up trials using practice items were included 

at the beginning of each block.  

Procedure. The experiment was conducted using DMDX software (Forster & 

Forster, 2003). All subjects were tested individually in a testing room. Each trial 

consisted of a prime picture and a target word. The prime picture was presented before 
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the target word. The subjects pressed “yes” if the target word referred to a living thing 

and “no” if it referred to a non-living thing as quickly and as accurately as possible.  

In each trial, a fixation (“++++”) was displayed in the center of the screen for 

500ms and then replaced by a prime picture. A prime picture appeared for 500ms 

followed by the target word remaining on the screen until the subject responded. The 

target word lasted for 2 seconds. Each subject received 10 practice trials that did not 

appear in any of the experimental trials. The entire experiment lasted for 20min. 

Results and Discussion 

Response time data was preprocessed in the same way as in the Experiment 1, and 

6.0% of the data points were removed. I removed from analysis two target words (one 

from the 30 target words in the shape conditions: baton, one from the 30 target words in 

the taxonomic conditions: mop) that had error rates of more than three standard 

deviations from the mean error rate. I removed from analysis two subjects’ data that had 

average response times more than three standard deviations from the mean response 

times. Two ANOVAs were computed with subjects (F1) and items (F2) as random 

variables. The semantic context (taxonomic and thematic category) was a within-subject 

and between-item variable and relatedness (related and unrelated) was a within-subject 

and within-item variable. An overview of the mean error rates and response times for this 

experiment is presented in Table 3.2. The differences in the response times between the 

related and unrelated conditions are presented in Figure 3.1.  
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Table 3.2 Response times (ms) and error rates (in the parenthesis) in Experiments 2a&b. 

  Shape Thematic Taxonomic 
  Related Unrelated Diffa Related Unrelated Diffb Related Unrelated Diffc 

Exp 2a 
(SOA500) 675 (.03) 700 (.04) -25* 688 (.03) 690 (.03) -2 688 (.03) 686 (.02) 2 

Exp 2b 
(SOA1500) 684 (.03) 697 (.02) -13 690 (.03) 690 (.02) 0 684 (.03) 701 (.02) -17+ 

* p < .05; + only subject analysis was significant. aDiff: the difference between shape 

related and unrelated conditions. bDiff: the difference between thematically related and 

unrelated conditions. cDiff: the difference between taxonomically related and unrelated 

conditions. 
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Figure 3.1 Priming effects in Experiment 2a (SOA 500ms). The response time 

differences (i.e., priming effect) in the shape related vs. unrelated, thematically related vs. 

unrelated and the taxonomically related vs. unrelated conditions. CI: confidence interval 

(within-subject). 

In the error analysis, there was no difference in error rates between the related and 

unrelated conditions (F’s < 1). The interaction between the semantic context and 

relatedness was not significant (F’s < 1). Planned t-tests showed that there was no 

difference in error rates between any related and unrelated conditions (t’s < 1). In the 

response time analysis, there were marginally significant faster response times in the 

related vs. unrelated conditions (F1 (1, 25) = 6.38, p = .02, MSE = 250.95; F2 (1, 85) = 

1.23, p = .27, MSE = 1422.66). The interaction between the semantic context and 

relatedness was marginally significant (F1 (2, 50) = 3.82, p = .03, MSE = 547.13; F2 (2, 
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85) = 2.26, p = .11, MSE = 1422.66). Planned t-tests (two-tailed) showed that response 

times were significantly faster in the shape related (675 ms) than the unrelated conditions 

(700 ms; t1 (25) = 5.72, p < .001; t2 (28) = 2.91, p < .01) and that there was no difference 

in response times between related and unrelated conditions for thematic and taxonomic 

categories (t’s < 1).  

 Consistent with the findings in Yee et al. (2011), I established a reliable shape 

priming effect for a short SOA (500ms) in the semantic priming paradigm but did not 

observe priming effects for taxonomic and thematic categories. These results support the 

distributed-only view (e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 

1984; Tyler & Moss, 2001) which predicts that visual features get activated when people 

access the meaning of words. I further investigated the shape and function feature 

activation patterns at the long SOA in the Experiment 2b. Based on Yee et al.’s findings 

and the distributed-only view, the shape priming effect should disappear and the function 

priming effects for the taxonomic and thematic categories should emerge. In contrast, 

according to taxonomic-dominant view, I should observe taxonomic and thematic 

priming effects but a larger taxonomic priming effect and there should be no shape 

priming effect. 

3.4 Experiment 2b (SOA 1500) 

Methods 

Subjects. Thirty English native speakers who did not take part in Experiment 2a 

participated in Experiment 2b.  

   Material, Design, and Procedure. I used the same materials as in Experiment 2a 

(see Appendix B). The design and procedure for Experiment 2b was the same as 
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Experiment 2a except that there was a blank screen of 1s between prime pictures and 

target words. Because the prime picture displayed for 500ms and there was a blank 

screen of 1s after the prime picture disappear, the time interval between the onset of the 

prime picture and the target word was 1500ms (SOA 1500ms).  

Results  

Response time data was preprocessed in the same way as in the Experiment 1, and 

5.0% of the data points were removed. I removed from analysis two target words (one 

from the shape conditions: baton, one from the taxonomic conditions: mop) as I did for 

the Experiment 2a, as these items had error rates of more than three standard deviations 

from the mean error rate. An overview of the mean error rates and response times for 

Experiment 2b is presented in Table 3.2. The differences in the response times (i.e. 

priming effect) between the related and unrelated conditions are presented in Figure 3.2.  
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Figure 3.2 Priming effects in Experiment 2b (SOA 1500ms). The response time 

differences in the shape related vs. unrelated, thematically related vs. unrelated and the 

taxonomically related vs. unrelated conditions in Experiment 2b. The taxonomic effect 

was significant by subject analysis but not item analysis. CI: confidence interval (within-

subject). 

In the error analysis, there was no difference in error rates between the related and 

unrelated conditions (F’s < 1). The interaction between the semantic context and 

relatedness was not significant (F’s < 1). Planned t-tests showed that there was no 

difference in error rates between any related and unrelated conditions (t’s < 1). In the 

response time analysis, there were marginally significant faster response times in the 

related vs. unrelated conditions (F1 (1, 29) = 5.43, p = .03, MSE = 880.93; F2 (1, 85) = 

2.59, p = .11, MSE = 2445.34). The interaction between the semantic context and 

relatedness was not significant (F1 (2, 58) = 1.60, p = .21, MSE = 798.29; F2 < 1). 
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Planned t-tests (two-tailed) showed that response times were faster in the taxonomically 

related than unrelated conditions only by subject analysis (t1 (29) = 2.22, p = .03; t2 (28) = 

1.40, p = .17). There was no difference in response times between the thematically related 

and unrelated conditions (t’s < 1) and between the shape related and unrelated conditions 

(t1 (29) = 1.84, p = .08; t2 (28) = 1.16, p = .25). The absence of taxonomic and thematic 

priming effects is not consistent with either the distributed-only account or the 

taxonomic-dominant account.  

3.5 Discussion 

 In order to distinguish between the distributed-only view (e.g., Allport, 1985; 

Barsalou, 1999, 2008; Warrington & Shallice, 1984; Tyler & Moss, 2001) and the 

taxonomic-dominant view (e.g., Piaget & Inhelder, 1959; Inhelder & Piaget, 1964; 

Crutch & Warrington, 2005, 2010), I investigated the temporal activation patterns of 

feature and category information during word comprehension in Experiment 2. 

Consistent with the distributed-only view and Yee et al. (2011)’s findings (i.e., early 

activation with visual features and later activation with function features), subjects made 

the living/non-living decision for the target word more quickly after a prime picture 

sharing the same shape with the target object (i.e., shape priming effect) in Experiment 2a 

(short SOA). However, inconsistent with the distributed-only view and Yee et al. 

(2011)’s findings, there was no difference between the function related (i.e., 

taxonomically and thematically related conditions) and unrelated conditions in 

Experiment 2b (long SOA). On the other hand, the results of Experiment 2 are not 

consistent with the taxonomic-dominant view either, as there was no significant thematic 

or taxonomic priming effect across two SOAs (though there was a trend of taxonomic 
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priming effect at long SOA). Taken together, the shape priming effect in Experiment 2a 

suggest that in line with the distributed-only view visual features (e.g., shape) associated 

with objects get activated when people access the meaning of words. Below I first discuss 

how the shape priming effect fits with previous evidence and then the possible alternative 

accounts for the results regarding taxonomic and thematic categories.  

Shape priming effect 

 To my knowledge, I presented the first study to show the shape priming effect in a 

semantic priming paradigm. With picture stimuli as primes and the semantic judgment 

task for target words, I observed the shape priming effect in Experiment 2a but it 

disappeared at the long SOA of Experiment 2b. This result is consistent with the results 

of Yee et al (2010) that when people matched an auditory word to the corresponding 

picture, people had more eye movements towards to the shape related distractor picture 

compared to the unrelated distractor picture after a short picture preview session (1s) but 

did not show any difference between the shape related vs. unrelated conditions following 

a long picture preview session (2s). In support of the distributed-only view, the results of 

shape priming in Experiments 2a and b show that when people understand a word, the 

shape information associated with the object first gets activated and then start to dissipate 

gradually.  

The absence of the shape priming effect in previous priming studies with word 

stimuli and lexical decision task (Kellenbach, Wijers, & Mulder, 2000; Pecher et al, 

1998, Experiment 1-3 & 5) indicates that the experimental context plays a critical role 

when behavioral measurements (e.g., response times, errors, and eye fixations) are used 

to detect the activation of shape features. For example, Pecher et al. (1998) found that 
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there was no shape priming effect in the semantic priming paradigm with either word 

reading or lexical decision. However, the shape priming effect was observed in the same 

word reading task after subjects made shape judgments on the experimental stimuli, 

suggesting that the shape judgment task boosted the activation of shape features and thus 

the shape priming effect emerged. Therefore, to what extent (shape) features are activated 

when people access a concept depends on contexts. Pecher et al. (1998) used the similar 

argument to explain the shape priming effect in the two early priming studies (Flores 

d’Arcais et al., 1985; Schreuder et al., 1984). The presentation of prime and target words 

together (i.e., the prime word remained on the screen when the target word were 

presented) can potentially draw attention to the relation between prime and target words 

and thus boost the activation of shape features associated with objects. Although it is 

extremely difficult to detect the shape activation behaviorally in the typical priming 

paradigm using word reading and lexical decision tasks, they may still be active, as 

Kellenbach et al. (2000) obtained a shape priming effect in N400 using a semantic 

priming task with lexical decision but did not observe this effect in the response time 

measurement. In summary, the shape feature activation depends on experimental 

contexts. 

How to account for the lack of priming for both taxonomic and thematic category prime-

target relationships? 

There are at least two possible reasons for the absence of taxonomic effect and 

thematic effect at long SOA. First, the lack of two category priming effects may suggest 

that neither category or function feature information was activated when people access 

the meaning of words. However, this account is difficult to reconcile with the significant 
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taxonomic and thematic effects in Experiment 1 and the late activation of function 

features in Yee et al. (2011). Second, it is possible that because function features may 

become activated earlier than 1500ms and rapidly decayed, there was no taxonomic and 

thematic priming effects at the long SOA. This account gains support from a recent eye-

tracking study (Kalenine, Mirman, Middleton, & Buxbaum, 2012) showing that function 

knowledge was activated between 600 and 1200ms after people heard a word. In this 

study, subjects were presented with four pictures and then asked to select the target 

picture when they heard a word. One of the four pictures was functional related to the 

word (e.g., saw-axe). Kalenine et al. found that subjects showed more eye fixations on 

the functional related pictures compared to the unrelated picture between 600-1200ms 

after the word onset and there was no difference between the related and unrelated 

pictures after 1200ms. This suggests that SOA 1500ms may be too long to detect the 

activation of function features. Future work should further explore this issue using shorter 

SOAs (800-1000ms).  

The pattern of the taxonomic priming effect at the long SOA in the Experiment 2b 

was consistent with Yee et al (2011). In their study, subjects showed more fixations on 

the function related picture compared to the control picture after a long picture preview 

session (2s) but did not show any difference between these two conditions following a 

short picture presentation time (1s). All the word-picture pairs (e.g., umbrella – raincoat) 

in the function related condition were also in the same taxonomic category in their study. 

In order to see whether I can replicate their findings, I included the taxonomically related 

condition in Experiment 2 that was very similar to the function related condition in Yee 

et al. (2011). Consistent with the results of Yee et al (2011), I found no difference 
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between the taxonomically related and unrelated conditions in the short SOA 

(Experiment 2a) but a trend of the taxonomic priming effect at the long SOA (Experiment 

2b). In addition, to investigate whether the later activation in Yee et al. was driven by 

function features or taxonomic category, I also manipulated function features in thematic 

categories and did not find any thematic priming effect in either Experiment 2a or 2b. 

This suggests that the later activation in Yee et al (2011) is more likely to be driven by 

the taxonomic category information but not the function feature per se. However, because 

there was no significant difference in the magnitudes between the taxonomic and 

thematic priming effects, the function feature account (Yee et al., 2011) cannot be 

completely excluded.  

3.6 Interim summary of the behavioral experiments (Experiments 1 and 2) 

Experiments 1 and 2 investigated the role of taxonomic and thematic categories in 

the organization of object knowledge using behavioral measures (i.e., response times and 

errors). Although I observed significant taxonomic and thematic effects in Experiment 1, 

the two categories can be interpreted via either unbalanced features associated with the 

two categories (i.e., visual features associated with taxonomic categories and function 

features associated with thematic categories) or two categorical relationships. In 

Experiment 2, I matched visual and function features in the two categories and did not 

observe any thematic and taxonomic priming effects. In addition, I observed a shape 

priming effect for the shape related stimuli that were not in either taxonomic or thematic 

category in Experiment 2a, suggesting that features get activated when people access the 

meaning of words. Because the contrasting results regarding the two categories between 

Experiments 1 and 2, it remains unclear whether category information is activated during 
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word comprehension. Given that different brain regions are hypothesized to support 

features and categories (e.g., left premotor and pMTG for processing function features; 

ATL and left TPJ for processing taxonomic and thematic categories respectively; 

Beauchamp & Martin, 2007; Martin & Chao, 2001; Noppeney, 2008; Mirman & 

Graziano, 2012; Schwartz et al., 2011), fMRI would be a good tool to answer the above 

question. Therefore, I investigated the neural substrates underlying features and 

categories in Experiment 3.  
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Chapter 4: Neural substrates underlying features and categories2  

How we organize the knowledge associated with objects is a fundamental 

question in cognition. It is commonly assumed that object knowledge is grounded in a 

widely distributed neural network involving the sensory, motor, and supramodal cortical 

systems (the distributed-only view; e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington 

& Shallice, 1984). For example, our knowledge of “dog” is represented by various 

attributes, such as visual (e.g., four leg and a tail), motor, and sound (e.g., bark) features 

that are represented in the corresponding brain regions for processing visual form, 

perception of motor, and sound information. An alternative view of object knowledge 

organization assumes that in addition to features, object knowledge is also organized by 

taxonomic and thematic categories, two parallel and complementary semantic systems 

(the distributed-plus-category view; e.g., Mirman & Graziano, 2011, 2012; Schwartz et 

al., 2011). For instance, we can group dogs, fish and snakes as animals (i.e., taxonomic 

category) even though they have very different features. Additionally, our knowledge 

also includes links between concepts that play complementary roles in the same scenes or 

events, referred to as thematic categories (e.g., “The mouse ate the cheese”). This 

organization suggests that our brain contains semantic hubs to support generalizations 

across concepts that have similar conceptual relations but very different feature profiles. 

In this view, the bilateral ATLs serve as a semantic hub to represent taxonomic categories 

and bind all modality-specific regions (see Patterson et al., 2007 for a review) whereas 

the left TPJ serves as another semantic hub representing thematic categories (Mirman & 

Graziano, 2012; Schwartz et al., 2011). The purpose of this study is to investigate the 

                                                
2 This chapter was adapted from Geng & Schnur (under review). 
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degree to which object knowledge is organized by taxonomic/ thematic categories or 

modality-specific features (e.g., visual and function features) using an fMRI adaptation 

approach. 

4.1 Evidence for the distributed-only view 

There is both neuroimaging and neuropsychological evidence in support of the 

distributed-only view that taxonomic categories are represented via various features. 

Although each object concept is represented by features in terms of the distributed-only 

view, the critical features for taxonomic categories vary. For example, living things (e.g., 

animals) rely more on perceptual features whereas non-living things (e.g., tools) rely 

more on motor/function features (e.g., Barsalou, 1999, 2008; Warrington & Shallice, 

1984). Consistent with the distributed-only view, feature norms in adults (Cree & McRae, 

2003; McRae et al., 2005) demonstrate that natural kinds such as animals are mainly 

defined by perceptual/visual attributes, while artifacts such as tools are mostly 

characterized by functional/motor features. Additionally, in object identification and 

naming tasks, words and/or pictures referring to tools activated both left premotor cortex 

and left pMTG which are found to be involved in action observation and execution (for a 

review see Noppeney, 2008). Animal concepts activated bilateral ventral temporal 

cortices (i.e., fusiform) which are responsible for processing color and form (see reviews, 

Martin, 2001, 2007; Thompson-Schill, 2003). Moreover, the distributed-only view 

predicts that patients with a selective impairment for a specific taxonomic category (e.g., 

living things) should show problems with a particular feature (e.g., visual feature) critical 

for defining that taxonomic category. For example, patients with impaired knowledge of 

living things (e.g., fruit) have poor performance on the visual property judgments (e.g., Is 
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a banana yellow?) (e.g., Crutch & Warrington, 2003; Borgo & Shallice, 2001, 2003 but 

see Capitani, Laiacona, Mahon, & Caramazza, 2003 and Mahon & Caramazza, 2009 for 

counter-arguments to this evidence). In sum, in this distributed-only view, taxonomic 

categories are primarily represented via the contribution of different features. 

In contrast to taxonomic categories, thematically related concepts usually do not 

share any visual or function features (e.g., cheese and mouse), what assumptions does the 

distributed-only view (e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 

1984) make regarding the representation of thematic categories? In the Chapter 2, we 

discussed Kalénine et al (2009)’s proposal regarding the representation of thematic 

categories in terms of features. They argued that functional/ motor features are associated 

with thematic categories. In contrast to taxonomic categories (e.g., birds) that group 

objects sharing common “internal” features (e.g., have wings, feathers and can fly), 

thematic categories group objects with “external” links (i.e., co-occurrence in the same 

scenario). Two objects in a thematic category could be linked by various external 

relations such as functional (e.g., saw-wood), spatial (e.g., roof-house), temporal (e.g., 

summer-holiday), causal relations (e.g., wind-erosion) and etc (see Estes, Golonka, & 

Jones, 2011). Hence, it is not appropriate to say that all thematic categories share 

motor/function features.  

Although the distributed-only view does not provide explicit assumptions 

regarding the representation of thematic categories, it is clear that according to the 

distributed-only view thematic categories should be represented via features. Thus, the 

distributed-only view predicts that if taxonomic and thematic categories involve similar 

features (e.g., function feature (e.g., cutting) for taxonomically (e.g., saw-axe) and 
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thematically related concepts (e.g., saw-wood)), both should activate the same brain 

regions (e.g, premotor, pMTG) for processing these features (e.g., cutting). However, to 

our knowledge, no one has yet explored the neural substrates of taxonomic and thematic 

categories while controlling for the features involved across the two categories.  

4.2 Evidence for the distributed-plus-category view 

In contrast, the distributed-plus-category view assumes that in addition to 

modality-specific features, there are distinct brain regions representing taxonomic and 

thematic categories, specifically the bilateral ATLs for taxonomic categories and left TPJ 

for thematic categories (Mirman & Graziano, 2011, 2012; Schwartz et al., 2011). Patients 

with focal atrophy of the bilateral ATLs typically show a progressive loss of semantic 

knowledge, especially taxonomic knowledge. Patients with severe bilateral ATL atrophy 

use more general category labels (e.g., animal) to classify or name objects (e.g., robin) 

compared to patients with less severe atrophy who use basic level (e.g., bird) and specific 

names (e.g., robin) (e.g., Hoges, Graham, & Patterson, 1995; Rogers & Patterson, 2007; 

see Patterson et al., 2007 for a review). Converging evidence for the role of the bilateral 

ATLs in object knowledge also comes from functional neuroimaging studies of 

neurologically intact participants. Bilateral ATL activation was observed in fMRI and 

PET studies when subjects completed a categorization task where three words (e.g., taxi, 

boat, bicycle) from a single taxonomic category (e.g., vehicle) were presented and 

subjects decided if the fourth word (e.g., “plane” or “spoon”) was also in the same 

category (e.g., Devlin et al., 2000; Visser, Embleton, Jefferies, & Lambon Ralph, 2010). 

Anzellotti et al. (2011) found ATL activation for tools in a category verification task (i.e., 

is it a tool?) using fMRI. Rogers et al. (2006) observed ATL activation for animal and 
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vehicle categories compared to baseline using PET. Further evidence of the necessity of 

the bilateral ATLs for taxonomic category representation comes from three repetitive 

transcranial magnetic stimulation (rTMS) studies where healthy participants showed 

slower semantic processing for both living and non-living categories (e.g., synonym 

judgment, picture naming) when rTMS was applied to the bilateral ATLs, (Lambon 

Ralph, Probric, & Jefferies, 2009; Pobric, Jefferies, & Lambon Ralph, 2007; Pobric, 

Jefferies, & Lambon Ralph, 2010). In summary, there is also neuropsychological, TMS, 

and functional neuroimaging evidence to suggest that the representation of objects 

includes organization by taxonomic category, representations subserved by the bilateral 

ATLs. 

In contrast to the evidence for the neuroanatomical substrates for taxonomic 

categories, thematic categories are much less studied from a neuroanatomical perspective. 

Schwartz et al. (2011) examined the relationship between brain lesions in 86 stoke 

patients and picture naming errors on the Philadelphia Naming Task (Roach, Schwartz, 

Martin, Grewal, & Brecher, 1996) using voxel-based lesion-symptom mapping (Bates et 

al., 2003). Lesions in the left TPJ were associated with producing thematic errors (e.g., 

name an apple picture as worm) whereas lesions in the left ATL were associated with 

producing taxonomic errors (e.g., name an apple picture as pear). In another study using 

eye tracking methodology (Mirman & Graziano, 2012), patients with damage to the left 

TPJ showed less fixations on thematically related pictures compared to healthy controls 

in a spoken word comprehension task. Consistent with Schwartz et al. (2011) and 

Mirman and Graziano (2012), two fMRI studies show more activity in the left TPJ for 

thematic categories compared to taxonomic categories in comprehension and production 
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tasks (Kalénine et al., 2009; Zubicaray, Hansen, & McMahon, 2013). Thus, there is 

neuropsychological and neuroimaging evidence to suggest that objects are organized by 

thematic category and these representations are subserved by the left TPJ.  

4.3 Methodological confounds with previous fMRI studies 

Although several fMRI studies compared the neural substrates between 

taxonomic and thematic categories (Kalénine et al., 2009; Sachs, Weis, Krings, Huber, & 

Kircher, 2008; Sass, Sachs, Krach, & Kircher, 2009; Sachs et al., 2011), there are 

multiple methodological issues which cloud clear interpretation of the results. First, in a 

picture-matching task, participants selected which of two pictures was related to a target 

picture, where the relationship was either taxonomic or thematic (Kalénine et al, 2009). 

Greater activation was observed for taxonomically related pictures in bilateral visual 

areas (cuneus, BA 18) and greater activation for thematically related pictures in a 

bilateral temporo-parietal network including inferior parietal lobes (BA 39/40) and 

pMTG (BA 21/22). Left pMTG is considered a key region for action and tool knowledge 

(e.g., Beauchamp & Martin, 2007; Martin & Chao, 2001; Noppeney, 2008). The authors 

argued that these results reflect the different features inherent in the two categories, 

namely in general, more visual features associated with taxonomic categories and more 

functional features associated with thematic categories. However, due to the fact that this 

study did not match the visual similarity or complexity for the pictures used in the 

taxonomically and thematically related conditions, the greater activity in the cuneus 

might not purely reflect the difference between the two categories, but instead reflect 

early visual processing associated with contrast and luminance (e.g., Vanni, Tanskanen, 

Seppa, & Uutela, Hari, 2001). Likewise, without controlling for function/motor features 
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involved in the stimuli used for the two categories, the greater activation in the bilateral 

pMTG might not purely reflect the difference between the two categories, but instead 

reflect stimuli differences, for example, more motor/function features involved in the 

stimuli used for the thematically related condition compared to the different stimuli used 

in the taxonomically related condition. Thus, the first goal of our study is to examine the 

neural substrates underlying taxonomic and thematic categories while simultaneously 

controlling for the types of sensory/function features potentially subserving these 

representations.  

The second methodological confound with recent fMRI studies of 

taxonomic/thematic relations (Sass et al., 2009; Sachs et al., 2011) is that the semantic 

priming paradigm chosen (a lexical decision task) may not fully activate the features 

associated with taxonomic and thematic categories. In these studies, subjects performed a 

lexical decision task on target words that were taxonomically, thematically related or 

unrelated to the prime words, and in both studies taxonomic and thematic categories 

recruited similar brain regions. However, previous behavioral studies suggest that the 

lexical decision task may not fully activate all the features involved in the word pairs 

(Pecher, Zeelenberg, & Raaijmakers, 1998) or engage deep semantic processing (Becker, 

Moscovitch, Behrmann, & Joordens, 1997; Joordens & Becker, 1997). For example, 

perceptually related prime words (e.g., coin) did not facilitate lexical decision for target 

words (e.g., pizza) but did so after subjects made judgments about the perceptual 

properties of the words’ referents (Pecher et al., 1998). Pecher et al. argued that the 

lexical decision task did not fully activate all the features associated with the word pairs, 

but the perceptual judgment prior to this task boosted the activation of perceptual 
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features, resulting in the perceptual priming effect. Furthermore, smaller or non-

significant priming effects in the lexical decision task were reported in comparison to the 

semantic decision task (e.g., decide whether the object is a living or non-living thing) 

(Becker et al., 1997; Joordens & Becker, 1997). Hence, this may explain why Sass et al. 

(2009) and Sachs et al. (2011) did not find the activity in the brain regions that are 

responsible for feature processing for either taxonomic or thematic word pairs.  

4.4 Experiment 3 

The purpose of Experiment 3 was to distinguish between the distributed-only 

(e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 1984) and distributed-

plus-category (e.g., Mirman & Graziano, 2011, 2012; Schwartz et al., 2011) views of the 

organization of our object knowledge. We examined the neural substrates underpinning 

taxonomic and thematic categories with similar function features involved across the two 

categories using an fMRI adaptation paradigm. The assumption underlying the fMRI 

adaptation paradigm is that repeated presentation of the same visual or verbal stimulus 

produces BOLD signal change in brain regions that process that stimulus, because of 

firing-rate adaption, enhanced neural synchronization, or rapid stimulus-response 

learning (see recent reviews, Gotts, Chow, & Martin, 2012; Segaert, Weber, de Lange, 

Petersson, & Hagoort, 2013). In order to obtain a measure of neurally perceived 

difference, the adaptation paradigm can be employed while varying the level of stimulus 

similarity (e.g., Kourtzi & Kanwisher, 2001; Fang, et al., 2005; Wheatley, Weisberg, 

Beauchamp, & Martin, 2005; Yee, Drucker, Thompson-Schill, 2010): the greater the 

similarity, the greater the expected adaptation (but see Sachs et al., 2011; Doehrmann et 

al., 2010). For example, in Wheatley et al. (2005), participants read word pairs silently 
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which were either identical (e.g., cucumber–cucumber), taxonomically related (e.g., fox-

pig), or unrelated (e.g., hat-gun). The greatest activity in left ventral temporal cortex, a 

region for processing of visual features associated with objects, was observed for 

unrelated word pairs, less for the taxonomically related pairs, the least for the identical 

pairs. Similarly, in Yee et al. (2010), subjects were presented with word pairs that were 

identical (e.g., drill-drill), similar in shape and function (e.g., pencil-pen), similar in 

either shape (e.g., marble-grape) or function (e.g., flashlight-lantern), or unrelated (e.g., 

saucer-needle). The degree of function similarity was correlated with the BOLD signal 

changes in four left hemisphere regions (i.e., premotor cortex, intraparietal sulcus, medial 

temporal lobe and pMTG). However, some studies have shown that sometimes BOLD 

signal increased (instead of decreased) for stimuli repetition and importantly the 

repetition enhancement correlated with behavioral improvement (e.g., response time) 

(e.g., Salimpoor, Chang, & Menon, 2010; Thoma & Henson, 2011). For example, 

Salimpoor et al. (2010) compared the response times and BOLD signal changes during 

novel vs. repeated presentation of three-operand mathematical equations. The BOLD 

signal in the hippocampus and the posteromedial cortex increased during repeated vs. 

novel presentation of the equations, where the response time differences were directly 

correlated with the increased BOLD signal change. Because of the sensitivity to 

similarity, the fMRI adaptation paradigm is a natural fit for examining the neural 

correlates underpinning taxonomic and thematic categories to provide evidence to 

distinguish between distributed-only vs. distributed-plus-category theories of object 

organization.  
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In this study, we adapted the fMRI paradigm used in Yee et al. (2010). Subjects 

read word pairs that were identical, taxonomically related, thematically related or 

unrelated. Critically, all the word pairs in the taxonomically and thematically related 

conditions involve similar function features (i.e., the purpose of use), because the 

distributed-only view predicts that if taxonomic and thematic categories are categories by 

virtue of the function features they share, signal changes in function regions (i.e., left 

pMTG, left premotor cortex; Yee et al., 2010; Canessa et al., 2008) should be observed 

for taxonomically/ thematically related vs. unrelated word pairs regardless of the 

taxonomic/thematic categories involved. Although the two categories both involve 

similar function features, the functional relationships in the two categories are distinct 

from one another due to the inherent nature of the categories. For example, two objects 

(e.g., saw-axe) which share a similar function (e.g., cutting) are likely to be in the same 

taxonomic category (e.g., tools). However, two thematically related objects (e.g., saw-

wood) are not likely to share function (e.g., cutting) in the same way, but instead are 

related in a different way with regards to function, as a saw is used to cut wood. 

Therefore, in order to balance for the function features involved in the two categories, we 

take these two function relationships into account. Specifically, using subject ratings for 

all taxonomically and thematically related word pairs, we measured function in two ways. 

First, based on a definition of function feature as the purpose of use (e.g., Canessa et al., 

2008; Yee et al., 2011; Moss et al., 1995) we measured function similarity according to 

how similar the functions are for two objects (i.e., the purpose of use, e.g., saw and axe 

are used for cutting; a similar definition used in Yee et al. (2010) and Canessa et al. 

(2008)). Second, we measured function similarity according to how likely the purpose of 
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use for one of the two objects is to perform action on the other one (function relatedness, 

e.g., a saw is used to cut wood; a similar definition used in Moss et al. 1995). Therefore, 

the function similarity and relatedness scores reflect the function features involved in 

both taxonomic and thematic categories. 

With regards to comparisons between conditions, the distributed-only view 

predicts that there should be BOLD signal differences between the taxonomically related 

vs. unrelated conditions and between thematically related vs. unrelated conditions in the 

function regions (premotor cortex and pMTG) for both subject and item analyses. In 

contrast, the distributed-plus-category view predicts that in addition to the function 

regions, a) bilateral ATLs should show significant BOLD signal difference between 

taxonomically related vs. unrelated conditions but no difference between thematically 

related vs. unrelated conditions; and b) left TPJ should show significant BOLD signal 

difference between thematically related vs. unrelated conditions but no difference 

between taxonomically related vs. unrelated conditions.  

            To assess the degree to which brain activity is related to more fine-grained 

assessments of function (similarity and relatedness) and categorical (taxonomic and 

thematic) relationships, I correlated brain activity with subject ratings of these 

relationships across stimuli. We measured taxonomic and thematic ratings on a 7-point 

scale according to what extent these two words are members of the same category (i.e., 

taxonomic rating) and what extent these two words co-occur in a situation or scene (i.e., 

thematic rating) (similar definitions used in Mirman and Graziano, 2011). According to 

the distributed-only view, the degree of signal change in the function regions should 

correlate with function ratings for word pairs independent of their taxonomic or thematic 
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relationship. In addition to that, the distributed-plus-category view predicts that the 

degree of signal change in bilateral ATLs should correlate with the degree of taxonomic 

relatedness whereas the degree of adaptation in left TPJ should correlate with the degree 

of thematic relatedness.  

In summary, Experiment 3 has the potential to help us understand the degree to 

which there are brain regions responsible for higher order generalization (e.g., taxonomic 

and thematic categories; Mirman & Graziano, 2011, 2012; Schwartz et al., 2011) and 

whether categories are more likely represented via features in neurally dedicated 

substrates (e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 1984). By 

improving upon previous study designs and employing the fMRI adaptation task, this 

study clarifies the role of semantic categories and features in the organization of object 

knowledge in healthy participants.  

Methods 

Participants. In order to have enough power to distinguish between the 

distributed-plus-category and distributed-only theories, we recruited 20 right-handed and 

native English speakers (Age: 20 years + 1.5; Gender: 11 female) from Rice University to 

achieve a power estimate of .90 (alpha = 0.05) (G*power 3, Faul, Erdfelder, Lang, & 

Buchner, 2007). we calculated the power estimate based on effect sizes obtained from 

Kalénine et al. (2009) and Zubicaray et al. (2013)3. Specifically, for Kalénine et al., we 

calculated two effect sizes using the average beta contrast weights across a collection of 

voxels in the left TPJ (i.e., inferior parietal lobe, Tailarach coordinates -56, -45, 34; 

Cohen’s d = 1.26; estimated power = .91 with 9 subjects) and in left middle temporal 

                                                
3 We thank Solène Kalénine and Greig de Zubicaray for providing information for the effect size 
calculations. 
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gyrus (Tailarach coordinates -50, -63, 13, Cohen’s d = 1.63; estimated power = .94 with 7 

subjects) which Kalénine et al. found to be significantly more active across 16 subjects 

when comparing thematic vs. taxonomic conditions (see Kalénine et al., Table 1, p. 

1157). For Zubicaray et al. (2013), we calculated two effect sizes using the average beta 

contrast weights in the left TPJ (i.e., angular gyrus, Tailarach coordinates -48, -65, 36; 

Cohen’s d = 2.06; estimated power = .92 with 5 subjects) and in left middle temporal 

gyrus (Tailarach coordinates -56, -9, 15, Cohen’s d = 1.03; estimated power = .92 with13 

subjects), two ROIs where there was significantly greater activity in thematic vs. 

taxonomic conditions across 20 subjects (see Zubicaray, et al., 2013, Figure 4, p. 139). 

Subjects were safety-screened, given informed consent, and reimbursed in accordance 

with the Rice University Institutional Review Board for the Protection of Human 

Subjects. Subjects completed screening forms to ensure no history of neurological or 

psychiatric illness and no current use of medication affecting the central nervous system.  

Materials. There were 38 target words (e.g., saw), each paired with a 

taxonomically related (e.g., axe) and a thematically related (e.g., wood) word, resulting in 

114 stimuli words (see Appendix C). The two related conditions also shared similar 

function features. Specifically, based on a definition of function feature as the purpose of 

use (e.g., Canessa et al., 2008; Yee et al., 2011; Moss et al., 1995), the function feature 

overlap for taxonomically related word pairs (e.g., saw - axe) refers to whether the two 

objects share the same purpose of use (e.g., cutting) and for thematically related word 

pairs (e.g., saw - wood) whether the purpose of use for one of the two objects is to 

perform an action on the other object (e.g., a saw is to cut wood). Following the 

instructions used in Yee et al (2010, 2011) and Moss et al (1995), we collected ratings 
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from 20 subjects for all related and unrelated word pairs on a 1-7 scale for function 

similarity: “rate the following pairs of objects according to how similar their functions 

are (i.e., the purpose of use)”, and collected ratings from another 20 subjects to assess 

function link: “rate the following pairs of objects according to how likely the purpose of 

use for one of the two objects is to perform action on the other one”. As expected, the 

taxonomically related word pairs had higher function similarity ratings compared to the 

thematically related pairs (t1 (19) = 6.84, p < .001; t2 (74) = 16.79, p < .001), and the 

thematically related word pairs had higher function relatedness ratings compared to the 

taxonomically related word pairs (t1 (19) = 13.53, p < .001; t2 (74) = 14.58, p < .001) (see 

Table 4.1). Additionally, following Mirman and Graziano (2011), we collected 

taxonomic and thematic ratings from another 40 subjects for each related word pair (20 in 

taxonomic ratings and 20 in thematic ratings). For the taxonomic ratings, subjects were 

asked to “decide to what extent these two things are members of the same category”. In 

the thematic rating session, subjects were asked to “decide to what extent these two 

things co-occur in a situation or scene.” The results showed that the taxonomically related 

word pairs had higher taxonomic ratings compared to the thematically related word pairs 

(t1 (19) = 7.59, p < .001; t2 (74) = 11.11, p < .001) whereas the thematically related word 

pairs had higher thematic ratings compared to taxonomically related pairs (t1 (19) = 4.00, 

p < .001; t2 (74) = 4.03, p < .001) (see Table 1). Word pairs were matched for associative 

strength (Nelson, McEvoy, & Schreiber, 1998) across the taxonomically and thematically 

related conditions (t < 1).  
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Table 4.1 Mean relatedness ratings for word pairs in Experiment 3 (M = mean, SD = 

standard deviation). 

 Function similarity Function 
relatedness Taxonomic Thematic 

Condition M SD M SD M SD M SD 
Thematically 

related 2.3 0.7 5.7 0.9 3.3 0.9 5.8 1.0 

Thematically 
unrelated 1.4 0.2 1.8 0.7 1.3 0.3 1.8 0.7 

Taxonomically 
related 4.9 0.7 2.4 1.0 5.6 0.8 4.9 0.9 

Taxonomically 
unrelated 1.5 0.5 1.5 0.4 1.4 0.5 1.6 0.7 

Design. The design was a semantic category (thematic, taxonomic) by relatedness 

(related, unrelated) full factorial design, yielding four conditions. However, in order to 

ensure that the quality of the fMRI data is sufficiently good to obtain meaningful results, 

we also included a word-target repetition (i.e., identical) condition and its corresponding 

unrelated condition (see below). We expected adaptation in the left inferotemporal cortex 

(visual word form area or VWFA) following previous results (e.g., Cohen, Jobert, Bihan, 

& Dehaene, 2004a; McDonald et al., 2010; for a review, see Cohen & Dehaene, 2004b). 

The experiment consisted of six conditions as follows. All six conditions shared the same 

target words. 

e) Thematically related: 38 words (e.g., wood) were thematically related to their 

corresponding target words (e.g., saw). 

f) Thematically unrelated: the same 38 words from the thematically related 

condition were regrouped to form this unrelated condition.  

g) Taxonomically related: another 38 words (e.g., axe) were taxonomically 

related to the target words (e.g., saw).  
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h) Taxonomically unrelated: the same 38 words from the taxonomically related 

condition were regrouped to form this unrelated condition. 

i) Identical: the same 38 target words were repeated in this condition. 

j) Unrelated: the same 38 target words were regrouped to form this unrelated 

condition. 

Data acquisition. The MRI scanning was performed on a 3T Siemens Trio MRI 

scanner at the Human Neuroimaging Laboratory at Baylor College of Medicine, Houston, 

TX. The structural images were collected at the beginning of each scanning session, 

consisting of 176 1mm slices. T2 weighted BOLD data was then collected in the echo 

planar imaging (EPI) sequence with an echo time of 31ms, a repetition time of 2000ms, 

and a 90o flip angle. Thirty-eight 3mm axial slices were collected per volume, covering 

the entire brain for most participants, where care was taken to cover specific regions of 

interest (i.e., ATL, premotor cortex, middle temporal lobes, and TPJ). The voxel size was 

3*3 mm. The field of view was 220*220 mm, and the acquisition matrix was 74*74, 

resulting in a 3*3 mm in-plane resolution. A 32-channel send-receive head coil was used 

for all functional and structural scanning runs to minimize EPI distortions in the ATLs. 

Functional data was collected in 6 runs of about 6 minutes each. Each run began with a 

fixation for 6s to allow for steady state magnetization. E-prime was used to present 

stimuli and collect response times.  

Procedure. Stimuli were displayed on Intel-based computers using E-Prime 

software. We first acquired participants’ T1-weighted images. Pseudo-randomized rapid-

event related fMRI paradigms were used, with stimulus presentation time-locked to each 

scanner repetition time (TR). Within each 2 second TR, a fixation appeared for 250 ms 
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first and then subjects saw one word from the pair for 750ms via a mirror centered above 

the participant's eyes. After a 250ms fixation, the second word was presented in the 

center of the screen for 750ms. Each word pair was seen one time, in pseudo-random 

order in the scanner such that no condition was seen more than three times in a row. In 

each run, there were 38 experimental word pairs and a filler word pair presented at the 

beginning of each run. The subjects were asked to pay attention to the meaning of each 

word. In order to ensure that subjects engage in deep semantic processing for each word 

pair, we asked subjects to make a decision about which object they encounter more 

frequently in their daily life when they saw a question mark after randomly selected word 

pair presentations. In order to eliminate the impact of the question on word presentation, 

we did not present the question for all word pairs, but instead we presented the question 

for eight word pairs randomly distributed across each run (2 in each condition per run, 

excluding the identical and the corresponding unrelated conditions) resulting in 12 

questions per condition for taxonomically related/unrelated and thematically 

related/unrelated conditions across all runs (for a similar task see Harvey & Burgund, 

2012; see Figure 4.1). In addition, we used longer jittered delays (4, 6, or 8s) between the 

question and next word pair. When no question was presented, we introduced a jittered 

delay (4, 6, or 8s) between two word pair presentations. Subjects were asked not to think 

of the question until they see the question mark. They responded to the familiarity 

question as quickly and accurately as possible. They pressed the left button if they 

encountered the first object more often or the right button if they encountered the second 

object more often. The question remained on the screen for 2s regardless of the subject’s 

response.   



	   90 

Subjects had ten practice trials outside of the scanner before the experiment. After 

subjects completed the experiment in the scanner, they re-did the experiment outside of 

the scanner (identical presentation format expect without jitter delays), repeating the 

same stimuli except the identical and its unrelated conditions, in order to measure 

response consistency to the familiarity questions. We calculated the percentage of stimuli 

with the same responses across repetitions for each subject and excluded the subject if 

his/her mean deviated from the group mean by more than three standard deviations. The 

entire fMRI experiment (inside and outside the scanner) lasted about an hour for each 

subject. The same group of subjects performed the four rating tasks (i.e., taxonomic, 

thematic, function similarity, function relatedness) in the following week after the fMRI 

experiment.  
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Figure 4.1. An example trial structure with question phrase in Experiment 3. For 

those trials without a question phrase, the trial proceeds from the target (e.g., “saw”) 

directly to fixation (i.e., “***”). Critical task-related activity will be modeled for the first 

two seconds of the trial (i.e., during the word pair presentation). 

Imaging Data analysis. 

We adopted two analysis strategies, correlation and condition comparisons 

(whole-brain and functional anatomical ROI) for three reasons. First, correlation may be 

a more sensitive measure, as it does not average BOLD signal across items (see Yee et 

al., 2010). Second, it also can clarify the role of features in the condition comparisons. As 

we discussed above, the functional relationships in taxonomic and thematic categories are 

similar but distinct from one another due to the inherent nature of the categories. 

Therefore, for example, even if we observe activity differences in the bilateral ATLs 

between taxonomically related vs. unrelated conditions, this could be due to either 
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taxonomic category or the specific function features involved in taxonomic categories. 

However, the correlation analyses have the potential to clarify this type of confound. For 

example, we conduct correlation analyses between taxonomic ratings and BOLD signal 

in the bilateral ATLs. If the BOLD signal in the ATLs significantly correlates with the 

taxonomic ratings but not with the functional similarity ratings, then we can conclude that 

consistent with the distributed-plus-category view, the bilateral ATLs are more likely to 

reflect a hub for taxonomic categories. Similarly, we used this logic for the other ROI 

comparisons as well. Third, both analyses provide converging evidence in support of the 

theoretical predictions. For example, if in the bilateral ATLs we find a significant 

difference in BOLD signal for the taxonomic vs. unrelated condition, but we do not find 

correlations in the ATLs between BOLD signal and the taxonomic ratings, we need to 

conclude the following: Although there is a relationship between ATL activity and the 

processing of taxonomic vs. unrelated objects, because the activity is unrelated to a fine-

grained measure of taxonomic relationships (i.e., the ratings adopted from Mirman & 

Graziano, 2011), ATL activation may potentially not reflect aspects of taxonomy that 

have been traditionally assumed (i.e., by ourselves and others, e.g., Mirman & Graziano, 

2011, Kalénine et al., 2009, Crutch & Warrington, 2005, 2010). Lastly, with regards to 

the condition comparison analysis, we conducted both ROI and whole-brain analyses to 

ensure that we do not miss any potentially important but unexpected brain regions which 

show adaptation between related (i.e., taxonomically/ thematically related, identical) vs. 

unrelated conditions. 

Preprocessing. Given that there were susceptibility issues associated with the 

signal quality of bilateral ATLs, following the method used in Anzellotti, Mahon, 
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Schwarzbach, and Caramazza (2011) and Simmon, Reddish, Bellgowan, and Martin 

(2010), we calculated temporal signal-to-noise ratio maps (TSNR, the ratio of the average 

signal intensity to the signal standard deviation) to ensure that the quality of the signal in 

the whole brain, particularly in bilateral ATLs was good enough to detect a BOLD signal. 

Simulations indicate that a TSNR of 20 was the minimum to reliably detect effects 

between conditions in fMRI data (Binder et al., 2011; Coutanche & Thompson-Schill, 

2014; Peelen & Caramazza, 2012). The TSNR values were high for both ATL regions 

(mean left = 145.2; mean right = 160.6). The TSNR average for the whole brain was 

173.5.  

The imaging data were analyzed using the AFNI software package (Cox, 1996). 

We followed a script generated by the AFNI program afni_proc.py to run the 

preprocessing for each participant. First, the AFNI program 3dTshift was used to perform 

a slice time correction. Second, the individual subject anatomical images were 

transformed to the Colin N27 template (TT_N27) using @auto_tlrc. Third, EPI volumes 

were registered to the volume acquired in closest temporal proximity to the T1-weighted 

anatomical scan (the first volume of the first EPI scan) using the AFNI program 3dvolreg 

with the cubic polynomial interpolation option. Fourth, an 8-mm full-width half 

maximum (FWHM) Gaussian blur was then applied using AFNI’s 3dmerge program. 

Fifth, the data was then scaled in order to calculate the percentage signal change. Sixth, 

the data was submitted to a general linear model using AFNI’s 3dDeconvolve program 

covariates. Covariates of interest were convolved with a standard hemodynamic response 

function (HRF). The final voxel size after pre-processing stayed the same (i.e., 3*3mm). 

We analyzed the data using both subjects and items as random effects in the first 
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and second level analyses following Bedny, Aguirre and Thompson-Schill, (2007) and 

Yee et al. (2010). In the first-level individual subject analysis, we performed both 

subject- and item-wise analyses in the deconvolution analysis. For the subject-wise 

random effects analysis, a first-level analysis was performed by modeling BOLD signal 

for each subject as a function of condition, on each trial. Covariates were created for each 

event type including: word pair presentation (i.e., taxonomically related and unrelated, 

thematically related and unrelated word pairs, identical and unrelated word pairs) and the 

familiarity probe. The individual subject analysis produced a beta value map for each 

condition at each voxel collapsed across items within each condition for each subject (for 

more details see Bedny et al, 2007). Similarly, for the item-wise random effects analysis, 

individual subject first-level models were created using a general linear model with each 

of the 228 word pairs (38 items by 6 conditions) entered as a covariate of interest (Bedny 

et al. 2007). This yielded 228 beta maps (38 targets in each condition) per subject, which 

were averaged across subjects to obtain a single beta map per item.  

For the second-level analysis (i.e., group analysis), we discarded the familiarity 

probe condition, and only analyzed the word pair presentations. We then conducted the 

second-level subject- and item-wise, whole-brain and ROI analyses using the beta values 

generated from the first-level models following the general procedures in Bedny et al. 

(2007) and Dodell-Feder, Koster-Hale, Bedny, and Saxe (2011).  

Defining the Functional-Anatomical Regions of Interest. As we have a priori 

hypotheses concerning specific neuroanatomical regions associated with taxonomic and 

thematic relationships and function features, we used functional-anatomical regions of 

interest (ROI) (see Figure 4.2). First, five anatomical ROIs were delimited using the 
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Talairach atlas (TT atlas). The left BA 6 was defined as left premotor cortex. The left 

pMTG was defined as the region between y = -40 and y = -69 in the left MTG following 

Simmons, Reddish, Patrick, and Martin (2010). We will define the regions involved in 

processing thematic categories following results in Schwartz et al. (2011) and Kalénine et 

al. (2009). Left angular and supramarginal gyri was combined to form the ROI for the left 

TPJ. Given that there was no clear definition for the ATLs in the TT atlas, we followed 

the method described in Insausti et al. (1998) to define the ATL bilaterally as all areas in 

the temporal lobes anterior to the limen insula (Left y=3; Right y=5 in the TT atlas). 

Second, within these anatomical ROI boundaries, functional ROIs were defined by the 

voxels in which activity during the presentation of the word pair differed from baseline 

(ITI) using the data from the first level subject-wise analysis. we evaluated the statistical 

significance of activation clusters based on their size, applying a threshold of p < .05 

corrected for multiple comparisons at the voxel-wise level in each ROI by using the 

AFNI program 3dClustSim (see Yee et al., 2010 for a similar method). The cluster sizes 

calculated via 3dClustSim vary depending on the total number of voxels in each ROI. 

Thus, the minimum cluster sizes were 18 voxels for left premotor cortex, 13 voxels for 

left pMTG, 13 voxels for left TPJ, 14 voxels for left ATL, and 12 voxels for right ATL.  
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A. ROIs in the left hemisphere                         B. ROI in the right hemisphere.  

Figure 4.2. Anatomical ROIs defined in the Talairach atlas in Experiment 3. In Panel A 

(left hemisphere), the green ROI is the ATL (anterior to y = 3 in the left temporal lobe); 

the red ROI is the TPJ which combines angular and supramarginal gyri; the blue ROI is 

the pMTG (the region between y = -40 and y = -69 in the left MTG); the yellow ROI is 

the premotor cortex (BA 6). In Panel B (right hemisphere), the pink ROI is the ATL 

(anterior to y = 5 in the right temporal lobe).  

ROI Analyses. 

Subject-wise and Item-wise Condition Comparisons. For the second-level within-

subject random-effects analysis, the BOLD signal across all voxels within each 

functional-anatomical ROI was averaged for each subject. To determine whether there 

was adaptation in these regions, we compared the averaged BOLD signals in the 

taxonomically related to unrelated conditions and the thematically related vs. unrelated 

conditions using two sample t-tests treating subjects as a random variable. For the 

second-level within-item random-effects analysis, the BOLD signal across all voxels 



	   97 

within each functional-anatomical ROI was averaged for each item. To determine 

whether there was adaptation in these regions, we did the same comparisons as in the 

within-item analysis but treating items as the random variable instead. An effect 

wasconsidered significant only when it is significant at a p <  .05 level for both the 

within-subject and within-item analyses.  

Correlation Analysis. To determine whether activity in the functional-anatomical 

ROIs correlated with the degree of function relatedness and/or taxonomic/thematic 

relatedness (i.e., shows adaptation), we performed several correlations. Specifically, in 

each functional-anatomical ROI we correlated the BOLD signal from each item when 

presented in the taxonomic, thematic, and associated unrelated conditions with its 

corresponding ratings (i.e., the taxonomic, thematic, and two functional ratings) across 

subjects.  

Whole-Brain Analysis.  

In addition to the ROI analyses, we conducted an exploratory, unrestricted whole-

brain analysis to identify activity in regions which showed adaptation between related 

(i.e., taxonomically/ thematically related, identical) vs. unrelated conditions and 

correlation between the ratings for each word pair in all four taxonomic and thematic 

conditions and voxel wise BOLD activity. 

Specifically, a second-level within-subject random effects analysis was performed 

on the beta maps generated from the first-level models for all six conditions. We 

computed condition differences (taxonomically related vs. unrelated; thematically related 

vs. unrelated; identical vs. unrelated) via t-tests at each voxel, treating subjects as a 

random variable. The whole-brain contrasts were corrected for multiple comparisons at p 
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< .05 using the AFNI program 3dClustSim. In the within-item random-effects analysis, 

the same second-level random effects analysis was conducted treating items as a random 

variable, following the same subsequent procedures as in the within-subject analysis. An 

effect was considered significant only when it is significant at a p <  .05 level for both the 

within-subject and within-item analyses. 

Following Yee et al (2010), we also conducted item-based correlation analyses 

between ratings and BOLD signal for each word pair collapsing all subjects in the four 

taxonomic and thematic conditions in each voxel. The item-based correlational analysis 

was corrected for multiple comparisons at p < .05 using the AFNI program 3dClustSim.  

Results. 

We tested 23 subjects (Age: 20 years + 1.5; Female: 11) and discarded three from 

further analysis due to head motion exceeding 2mm within a single imaging run. 

Response consistency to the probe question (“which object do you encounter more 

frequently in your daily life?”) averaged across all subjects was 86% and none of the 

subjects’ mean response consistencies deviated from the group mean by more than three 

standard deviations.  

In order to verify that we obtained good signal from the bilateral ATLs, we 

calculated TSNR for the bilateral ATLs and the whole brain. TSNR values were high for 

both ATL regions (left ATL mean = 145.2; right ATL mean = 160.6) as well as for the 

whole brain (average =173.5). TSNR values in the bilateral ATLs far exceeded the 

threshold of 20, the minimum to reliably detect effects between conditions in fMRI data 

(Binder et al., 2011; Coutanche & Thompson-Schill, 2014; Peelen & Caramazza, 2012). 

In the results reported below, an effect was considered significant only when it was 
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significant at a p <  .05 level for both the within-subject and within-item analyses. 

Otherwise we report results as marginally significant if they were significant only by 

subject or by item analysis. 

ROI Analyses. 

Subject-wise and Item-wise Condition Comparisons. Consistent with the 

distributed-plus-category view (Mirman & Graziano, 2011, 2012; Schwartz et al., 2011), 

there was marginally less activity in the taxonomically related vs. unrelated conditions in 

the left ATL ROI (t1 (19) = 2.26, p = .04; t2 (37) = 1.83, p = .07; Cohen’s d = .54; see 

Figure 4.3). However, in contrast to the prediction of the distributed-plus-category view, 

there was no significant difference in the left TPJ between thematically related and 

unrelated conditions (t’s < 1). We found no ROI comparison results consistent with the 

distributed-only view (e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 

1984). Specifically, we observed no significant difference between taxonomically related 

and unrelated conditions and between the thematically related and unrelated conditions in 

the two function regions (i.e., left premotor cortex, left pMTG) (p’s > .10).  
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Figure 4.3. Percent signal change difference (i.e., the adaptation effect) for word pairs in 

the thematic or taxonomic category in left ATL ROI. The error bars indicate 95% 

confident intervals (within-subject). 

 Correlation Analysis. For each functional-anatomical ROI (i.e. bilateral ATL, left 

pMTG, left TPJ, and left premotor cortex) we correlated the BOLD signal from each item 

(averaged across subjects) when presented in a) the taxonomically related and unrelated 

conditions and b) thematically related and unrelated conditions with the item’s 

corresponding ratings (i.e., the taxonomic, thematic, functional similarity and functional 

relatedness ratings) resulting in 20 correlation analyses (i.e., four ratings by five ROIs). 

We found no significant results. Specifically, in contrast to the predictions of the 

distributed-plus-category (Mirman & Graziano, 2011, 2012; Schwartz et al., 2011), there 

were no significant correlations between activity in the bilateral ATLs and the taxonomic 

ratings (r’s < .10, p’s > .25) and no significant correlation between the activity in the left 

TPJ and the thematic ratings (r = .002, p = .98). In contrast to the predictions of both the 

distributed-plus-category and distributed-only views, there were no significant 
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correlations between activity in the two function regions (i.e., left premotor cortex and 

left pMTG) and the two function ratings (function similarity and function relatedness) 

(r’s < .10, p’s > .25). Other correlations were also not significant (r’s < .10, p’s > .20). 

Whole-Brain Analysis. 

Subject-wise and Item-wise Condition Comparisons. We computed condition 

differences (taxonomically related vs. unrelated; thematically related vs. unrelated; 

identical vs. unrelated) via t-tests at each voxel, treating either subjects or items as a 

random variable. The whole-brain contrasts was corrected for multiple comparisons at p 

< .05 using the AFNI program 3dClustSim, resulting in a minimum cluster size of 187 

voxels. The results are presented in Table 4.2 and Figure 4.4.  
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Table 4.2a Cerebral regions specifically activated during thematic, taxonomic, and word 

repetition (identical) processing in the whole-brain subject-wise analysis. 

Contrast Area BA 
No. 

voxels x y z T 
Them_r < Them_ur L cingulate gyrus  1855 -16 4 26 6.34 
 L insula 13 454 -31 -24 11 5.84 
 L lingual gyrus 18 526 -11 -74 -4 4.14 
 L medial frontal gyrus 6 548 -19 29 34 4.84 
 R culmen  716 24 -34 -26 4.24 
 R medial frontal gyrus 32 369 21 39 36 4.3 
Them_r > Them_ur L supramarginal gyrus 40 203 -39 -49 36 3.19 
        
Taxo_r < Taxo_ur L fusiform gyrus 37 240 -34 -37 -7 3.29 
 L superior temporal gyrus 38 387 -39 10 -11 3.63 
  38 118 -39 11 -9 3.96 
 R middle temporal gyrus 21 222 54 4 -11 4.14 
 R parahippocampal gyrus 34 396 19 -11 -16 3.96 
        
Ident > Ident_ur L superior temporal gyrus 38 325 -54 19 -29 4.31 
 L supramarginal gyrus 40 1059 -56 -44 31 6.94 
 R inferior frontal gyrus 10 741 -49 49 1 4.79 
 R inferior frontal gyrus 44 1151 51 9 21 4.94 
 R inferior parietal lobe 40 945 64 -39 36 3.66 
  R medial frontal gyrus 10 188 6 64 -6 3.76 

For each cluster, the region showing the maximum t value is listed. The Talairach 

coordinates (x, y, z) for the peak voxels are indicated. 

Abbreviations: L =  left hemisphere; R = right hemisphere; Them_r = thematically 

related; Them_ur = thematically unrelated; Taxo_r = taxonomically related; Taxo_ur = 

taxonomically unrelated; Ident = identical; Ident_ur = unrelated; BA = Brodmann area; 

No. voxels = number of voxels in the cluster. 
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Table 4.2b Cerebral regions specifically activated during thematic, taxonomic, and word 

repetition processing in the whole-brain item-wise analysis. 

Contrast Area BA 
No. 

voxels x y z T 
Them_r < Them_ur L superior frontal gyrus 9 2140 -19 56 39 4.29 
 L lingual gyrus 18 448 -21 -79 1 4.03 
 L cerebellum  225 -9 -49 -26 3.68 
        
Taxo_r < Taxo_ur R parahippocampal gyrus 34 231 19 -4 -16 4.55 
 R cingulate gyrus 32 193 16 29 26 3.63 
        
Ident > Ident_ur L inferior parietal lobe 40 2930 -51 -44 44 6.19 
 L superior temporal gyrus 38 273 -49 31 -24 3.77 
 R inferior frontal gyrus 9 1853 54 6 24 5.01 
 R inferior parietal lobe 40 1611 64 -31 41 5.74 
 R medial frontal gyrus 10 327 9 64 -6 4.97 
 R middle temporal gyrus 37 447 56 -46 -6 4.27 
  R superior frontal gyrus 8 626 16 44 44 3.81 

For each cluster, the region showing the maximum t value is listed. The Talairach 

coordinates (x, y, z) for the peak voxels are indicated. 

Abbreviations: L =  left hemisphere; R = right hemisphere; Them_r = thematically 

related; Them_ur = thematically unrelated; Ident = identical; Ident_ur = unrelated; BA = 

Brodmann area; No. voxels = number of voxels in the cluster 
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Figure 4.4a. Cerebra regions showing significant differences between thematically 

related compared to unrelated word pairs in the subject-wise whole brain analysis 

(corrected threshold: p < .05; cluster size: 187). 

   

Figure 4.4b. Cerebral regions showing significant differences for taxonomically related 

compared to unrelated word pairs in the subject-wise whole brain analysis (corrected 

threshold: p < .05; cluster size: 187). 

The whole-brain analysis supports the ROI analysis but also reveals additional 

regions of activation consistent with the distributed-plus-category view (Mirman & 

Graziano, 2011, 2012; Schwartz et al., 2011). There was marginally less activity in both 
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the left and right ATLs for the taxonomically related vs. unrelated conditions. In addition, 

the left supramarginal gyrus (a part of the left TPJ) revealed marginally greater activity in 

the thematically related vs. unrelated condition.  

In order to ensure that the quality of the fMRI data was sufficiently good to obtain 

meaningful results, we included a word-target repetition (i.e., identical) condition and its 

corresponding unrelated condition and predicted reduced activity in the VWFA for the 

identical vs. unrelated conditions. In contrast to this prediction, the identical vs. unrelated 

comparison did not show a significant difference in the VWFA and instead revealed 

significantly greater activity in bilateral inferior parietal lobes, left superior temporal 

gyrus, and right inferior frontal gyrus. Given that the identical word pairs comprised less 

than 10% of the entire experiment, these word pairs likely attracted attention from 

subjects, resulting in activation of the attention network which elsewhere is found to 

include the bilateral inferior parietal lobes and right inferior frontal gyrus (e.g., Downar, 

Crawley, Mikulis, & Davis, 2001). Regarding the absence of the adaptation in the 

VWFA, this may be a result of the high repetition of target words in our experimental 

design. Specifically, the words used in the identical and unrelated conditions were 

repeated eight times across all conditions, as the same words were used as target words 

for the other four conditions (i.e., taxonomically related and unrelated conditions and 

thematically related and unrelated conditions). The high repetition may have rendered the 

identical condition adaptation in the VWFA difficult to detect. Most previous studies did 

not repeat their word stimuli more than once when investigating adaptation in the VWFA 

for word repetition (e.g., Cohen, Jobert, Bihan, & Dehaene, 2004; Dehaene et al., 2010; 
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McDonald et al., 2010). Therefore, we conducted a more sensitive analysis using the 

VWFA as an ROI and report the results as part of the post-hoc analyses. 

Correlation Analysis. For the item-based correlational analysis, we used 

Amplitude Modulated (AM) regression (http://afni.nimh.nih.gov/pub/dist/doc/misc/ 

Decon/AMregression.pdf) to detect the voxels whose activity linearly changed with each 

of the four ratings respectively (i.e., taxonomic, thematic, function similarity, and 

function relatedness). Correcting for multiple comparisons (a threshold of p < .05) 

required 187 voxels as the minimum cluster size. Correlation results are presented in 

Table 4.3 and Figure 4.5.  

Table 4.3. Cerebral regions negatively correlated with taxonomic, function similarity, 

thematic, and function relatedness ratings respectively in the whole-brain item-wise 

analysis. 

Rating Area BA No. voxels x y z T 
Taxonomic L insula 13 427 -41 4 16 -4.6 
 R insula 13 304 44 6 14 -3.64 

L medial frontal gyrus 9 312 -4 56 41 -3.51 Function 
similarity R temporal pole 38 197 61 1 -24 -4.24 

L middle frontal gyrus 11 614 -41 39 -14 -4.25 
L precentral gyrus 4 228 19 26 51 -3.67 
L superior frontal gyrus 6 188 -11 26 56 -4.19 

Thematic 

R superior temporal gyrus 22 189 64 -36 14 -4.41 
L precentral gyrus 4 228 -19 -26 51 -3.67 
L thalamus  278 -26 -31 11 -5.02 
R fusiform gyrus 35 287 31 -26 -16 -4.08 

Function 
relatedness 

R precentral gyrus 4 297 29 -26 65 -4.38 
For each cluster, the region showing the maximum t value is listed. The Talairach 

coordinates (x, y, z) for the peak voxels are indicated. 

Abbreviations: L =  left hemisphere; R = right hemisphere 
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A. Taxonomic category                           B. Thematic category 

                  

C. Function similarity                               D. Function relatedness 

Figure 4.5. The item-based whole-brain correlation with four relatedness ratings. Panel A 

shows the cerebral regions that had significant negative correlations with taxonomic 

ratings; Panel B shows the cerebral regions that had significant negative correlations with 

thematic ratings; Panel C shows the cerebral regions that had significant negative 

correlations with function similarity ratings; Panel D shows the cerebral regions that had 

significant negative correlations with function relatedness ratings. 

Overall, correlation analyses were consistent with predictions from the 

distributed-plus-category (Mirman & Graziano, 2011, 2012; Schwartz et al., 2011) and 

distributed-only views (e.g., Allport, 1985; Barsalou, 1999, 2008; Warrington & Shallice, 

1984). Activity in the bilateral precentral gyri including part of premotor cortex 
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significantly decreased as function relatedness ratings increased. However, there was no 

significant correlation between activity in the bilateral precentral gyri and the function 

similarity ratings. Instead we found that the activity in the right temporal pole was 

negatively correlated with the function similarity ratings. We report all significant 

correlations in Table 3.  

Post-hoc analysis.  

Visual Word Form Area ROI Analysis. We hypothesized that the lack of an 

adaptation effect in the VWFA was due to the high repetition of words across the 

experiment (i.e., the words used in the identical and unrelated conditions were repeated 

eight times across all conditions). To achieve more specificity (and potentially avoid a 

Type II error) we conducted an ROI analysis of the VWFA to examine whether there was 

a significant difference between the identical and unrelated conditions. We used VWFA 

MNI coordinates from Dehaene et al. (2010; -40, -50, -14) to define the VWFA ROI (a 

sphere with an 8-mm radius; Talairach coordinates: -40, -49, -9). We conducted subject 

and item analyses (following Results section 2.1) to compare the percent signal change in 

the identical vs. unrelated conditions. There was marginally less activity in the identical 

vs. unrelated condition (t1 (19) = 2.36, p = .03; t2 (37) = 1.82, p = .08; Cohen’s d = .23), 

suggesting that the quality of the fMRI data was sufficiently good to obtain meaningful 

results in the analyses by subject, but not by item in the planned ROI analyses. To 

calculate the power for the item VWFA ROI analysis, we did a post-hoc power analysis 

using G*Power 3 (Faul, Erdfelder, Lang, & Buchner, 2007). Power was .37 for the 

VWFA ROI item analysis, suggesting that we did not have sufficient power to detect 
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significant signal change in the ROI item analyses. We discuss this further in the 

Summary section. 

Summary 

 We summarize our findings as follows. Regarding the predictions of features in 

the two distributed-feature views, although there were no predicted significant effects in 

the feature regions (i.e., left premotor and pMTG) for the condition comparisons in the 

ROI and whole-brain analyses, the activity in the bilateral precentral gyri including part 

of premotor cortex reduced as the function relatedness ratings increased in the whole-

brain correlation analyses. On the other hand, consistent with the distributed-plus-

category view (Mirman & Graziano, 2011, 2012; Schwartz et al., 2011), there was 

marginally reduced activity in the left ATL for the taxonomically related vs. unrelated 

conditions in the ROI and whole-brain condition comparison analyses. In addition, the 

whole-brain condition comparison revealed marginally reduced activity in the right ATL 

for the taxonomically related vs. unrelated condition. Second, there was greater activity 

in the left supramarginal gyrus (a part of the left TPJ) for the thematically related vs. 

unrelated condition in the whole-brain analysis (but not in the ROI analysis). However, in 

contrast to the predictions of the distributed-plus-category view that the activity in the 

bilateral ATLs and left TPJ should correlate with the taxonomic and thematic ratings 

respectively, the ROI and whole-brain correlation analyses did not show any significant 

correlations between the taxonomic ratings and activity in bilateral ATLs or between the 

thematic ratings and left TPJ. Overall, our findings support the distributed-plus-category 

view, suggesting that both feature and category information is important for the 

organization of object knowledge.  
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The condition comparison results (i.e., bilateral ATLs, left TPJ, and VWFA) were 

significant by the subject but not the item analyses. To our knowledge, all previous fMRI 

studies testing the neural mechanisms of taxonomic and thematic categories only reported 

analyses by subject (i.e. Sachs et al., 2008, 2009, 2011; Sass et al., 2009; Kalénine et al., 

2009; Zubicaray et al., 2013). As a result, although we were able to determine from 

previously published studies (i.e., Kalénine et al., 2009; Zubicaray et al., 2013) a priori 

subject sample size to achieve power of at least .90, the lack of previous item analyses 

precluded us from calculating the appropriate sample size for items to achieve sufficient 

power. The post-hoc power analyses revealed that we likely did not have enough power 

to detect signal changes in the ROI item analyses with only 38 items. Future research 

should use a larger item sample size to achieve sufficient power. Because we did not have 

enough power to detect significant signal change in the item analyses for the condition 

comparisons, in the General Discussion we restrict our discussion of results to the subject 

analyses. 

4.5 Discussion 

 In order to investigate the role of features and semantic categories in organizing 

object knowledge, we employed an fMRI adaptation paradigm. We examined the neural 

substrates underpinning taxonomic (e.g., saw-axe) and thematic categories (e.g., saw-

wood) with similar function features (e.g., cutting). Subjects viewed word pairs, and 

performed attention catch-trials on 10% of total trials (subjects decided which of the two 

objects in the word pair they encountered more frequently in their daily life). To assess 

the function features shared in a word pair, subjects rated word pairs from two different 

perspectives: how likely two objects shared similar function (function similarity) and 
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how likely one object performed an action on the other object (function relatedness). 

Subjects also rated word pairs on the degree to which words were taxonomically and 

thematically related. We found that consistent with both the distributed-only and 

distributed-plus-category views, the whole-brain correlation analysis revealed that 

activity in the bilateral precentral gyri including part of the premotor cortex decreased 

with the increasing function relatedness ratings. In addition, in line with the distributed-

plus-category view, when subjects viewed taxonomically related word pairs, we observed 

adaptation (i.e., reduced activity) in bilateral ATLs hypothesized to support taxonomic 

categories (e.g., Mirman & Graziano, 2012; Schwartz et al., 2011; for a review, see 

Patterson et al., 2007). Similarly, when subjects viewed thematically related word pairs, 

we observed adaptation in the left supramarginal gyrus (part of the TPJ) hypothesized to 

support thematic categories (Mirman & Graziano, 2012; Schwartz et al., 2011). 

Altogether, we conclude that both feature and category information plays a role in 

organizing object knowledge in support of the distributed-plus-category view.  

Our study is novel in four aspects. First, we present the first study to our 

knowledge in healthy subjects which provides converging evidence with 

neuropsychological evidence (Schwartz et al., 2011) demonstrating specific relationships 

between taxonomic categories and the ATLs and thematic categories and the left TPJ. 

Second, in order to clarify the feature confound present in previous studies (e.g., that 

categories differed not only in categorical relationship, but also the types of features 

inherent to the category, e.g., Kalénine et al., 2009), we directly compared brain activity 

for taxonomic and thematic categories while controlling for the function features 

involved in the two categories. However, as we will discuss below, although this was a 
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better attempt than previous, it was not entirely successful. Lastly, in order to better 

understand the role of brain regions in representing features and categories (i.e., bilateral 

ATLs, left TPJ, left pMTG, and premotor cortex), we investigated correlations between 

brain activity and four ratings assessing feature and category similarity. Below, we first 

consider the findings which suggest a role for features in organizing object knowledge 

and then discuss the results supporting the role of semantic categories.   

Neural substrates underlying features 

The central assumption for the two distributed-feature views is that objects (e.g., 

dog) are represented by various features in visual (e.g., black, four legs and a tail), action 

(e.g., jump), and auditory (e.g., bark) modalities located in the sensory/motor brain 

regions (e.g., ventral temporal cortex for processing visual information; primary motor 

and premotor cortex for processing action information). To test this assumption, we 

selected word pairs in the taxonomic (e.g., saw-axe) and thematic categories (e.g., saw-

wood) sharing similar function features. Both distributed-feature views predicts that 

when subjects understand two related (by function or action feature) words in a sequence 

a) there should be adaptation in function or action regions (left pMTG and premotor 

cortex) and b) the activity in these regions should correlate with the degree to which 

subjects rated the words as similar in function similarity and function relatedness. In 

contrast to the first prediction, we did not observe significant activity differences between 

related and unrelated conditions in the two function regions (i.e., left pMTG and 

premotor cortex). Consistent with the second prediction, we found a significant 

correlation between activity in the bilateral precentral gyri including part of the premotor 

cortex and the degree of function relationship between two objects (i.e., how likely the 
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function of one object performs an action on the other object). However, there was no 

correlation between the degree of function similarity between two objects (i.e., how 

similar the two objects’ functions are) and activity in the left premotor cortex or pMTG. 

Instead, function similarity ratings correlated with activity in the right ATL. We 

hypothesize that the diverging correlation results between the function similarity and 

function relatedness ratings were due to how the different rating instructions emphasized 

different features (i.e., one focusing on function, the other on action).  

We used two different rating instructions to best capture the function features 

shared between word-pairs. First, to measure function similarity (e.g., the “cutting” 

feature shared by saw-axe), we used the following instruction: “rate the following pairs of 

objects according to how similar their functions are”. To measure function relatedness 

(e.g., the “cutting” feature shared by saw-wood), we employed a different instruction: 

“rate the following pairs of objects according to how likely the purpose of use for one of 

the two objects is to perform action on the other one”. The different instructions we used 

for the two function ratings likely resulted in measuring different features. The two 

function ratings are slightly different, one focusing on function, the other on action. The 

results that different regions respond to function (i.e., right ATL) vs. action  (i.e. left 

premotor cortex) features is a pattern partially consistent with recent neuropsychological 

and neuroimaging evidence suggesting that there are distinct brain regions involved in 

processing action and function features. For example, patients with brain damage as a 

result of stroke show a double dissociation when accessing function and action feature 

knowledge (e.g., Buxbaum & Saffran, 2002; Spatt et al., 2002). When selecting objects 

sharing the same manner of manipulation (i.e., an action feature) (e.g., typewriter and 
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piano), patients with frontoparietal lesions (including precentral gyri) made more errors 

compared to patients with anterior inferotemporal lesions. Interestingly, the same two 

groups of patients showed the opposite pattern when selecting objects sharing the same 

function (e.g., broom and vacuum). These results were replicated by later neuroimaging 

studies with healthy participants (e.g., Kellenbach et al., 2005; Canessa et al., 2008). 

Thus, the correlation results in the present study are partially consistent with these 

studies, suggesting that feature information is a critical principle for organizing object 

knowledge. 

Neural substrates underlying categories 

The distributed-plus-category view (Mirman & Graziano, 2012; Schwartz et al., 

2011) assumes that the bilateral ATLs represent taxonomic categories and the left TPJ 

represents thematic categories. To examine this view, we manipulated taxonomic (e.g., 

saw-axe) and thematic category (e.g., saw-wood) relationships for different word-pairs. 

The distributed-plus-category view predicts that a) when using adaptation fMRI, the 

bilateral ATLs should show adaptation (reduced or greater activity) for taxonomically 

related vs. unrelated word pairs; b) the left TPJ should show adaptation for thematically 

related vs. unrelated word pairs; and c) adaptation in the bilateral ATLs and left TPJ 

should correlate with the degree the word pairs are taxonomically or thematically related 

respectively. Consistent with the first two predictions, there was reduced activity in the 

bilateral ATLs during the presentation of taxonomically related vs. unrelated word pairs 

and greater activity in the left TPJ during the presentation of the thematically related vs. 

unrelated word pairs. However, inconsistent with the third prediction, we did not observe 

that the adaptation in the bilateral ATLs or left TPJ changed (decreased or increased) 
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with the degree the word pairs were taxonomically or thematically related, as explicitly 

judged by subjects. The absence of correlations between activity in the categorical 

regions (i.e., bilateral ATLs and left TPJ) and their respective categorical ratings (i.e., 

taxonomic and thematic) does not necessarily suggest that the bilateral ATLs and TPJ do 

not represent category information. It is possible that the bilateral ATLs (especially the 

left ATL) and the left TPJ differentially respond to some aspect of similarity for 

taxonomic and thematic categories respectively, but the exact nature of this similarity 

was not assessed by the explicit subject ratings.  

We designed our ratings to measure how likely items share the same 

superordinate category (e.g., animal). For example, “dog” and “cat” are more likely to be 

members of the same category vs. “dog” and “ant”. However, neuropsychological 

evidence suggests that the bilateral ATLs carry basic-level and subordinate information 

of a taxonomic category, not only general superordinate information (e.g., Rogers & 

Patterson, 2007; Humpreys & Forde, 2005; Crutch & Warrington, 2008; Lambon Ralph 

et al., 2010). Evidence from semantic dementia suggests that severe ATL atrophy results 

in the loss of subordinate or basic category knowledge but superordinate category 

knowledge remains relatively preserved (Rogers & Patterson, 2007; Humpreys & Forde, 

2005; Crutch & Warrington, 2008). For example, patients with severe bilateral or left 

ATL atrophy recognized a Chihuahua picture as an animal but they could not identify it 

as a dog or cat whereas patients with less severe atrophy used more specific category 

labels like dog or Chihuahua to name the picture (e.g., Rogers & Patterson, 2007). In line 

with the neuropsychological evidence, a PET study (Rogers et al., 2006) revealed that the 

left ATL showed greater activity when subjects made a category decision at the 
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subordinate (e.g., robin) level compared to the basic (e.g., bird) and superordinate (e.g., 

animal) levels or the baseline task but no difference between the superordinate level and 

the baseline task. These findings suggest that the bilateral ATLs store basic and 

subordinate level information for taxonomic categories. In addition, the bilateral ATLs 

may also be relevant for the typicality of a taxonomic category. For example, when 

judging whether an object belongs to a specific category (e.g., cat), patients with more 

severe bilateral ATL atrophy were more likely to incorrectly reject an atypical category 

exemplar (e.g., a hairless cat) (Lambon Ralph et al., 2010). Critically, in our study, the 

taxonomic ratings may have tapped superordinate category information (e.g., animal) 

instead of more specific information (basic and subordinate) or exemplar typicality 

information subserved by the ATL, thus providing a possible explanation for why 

bilateral ATL activity was not related to the degree word pairs were taxonomically 

related.  

Similarly, although the left TPJ responds to words that are thematically related (as 

seen in the whole-brain analysis), the degree to which subjects rated word pairs as 

thematically related was unrelated to the change in activity. Here too, the ratings may not 

have captured the similarity critical to the thematic relationship. We designed our ratings 

to measure the co-occurrence of two objects in a familiar scene. However, there are 

complex relations involved across thematic categories where many can be considered as 

co-occurrence. For example, the word pair saw and wood includes a function/action 

relation (e.g., cut) and a spatial relation (e.g., on). How the TPJ represents different types 

of thematic relations remains unclear. For example, a recent eye tracking study reported 

that when selecting a picture corresponding to a target word from a picture array 
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consisting of a target picture, a thematically related picture and two unrelated pictures, 

patients with left TPJ lesions made fewer eye fixations toward the thematically related 

picture compared to healthy controls (Mirman & Graziano, 2012). The result suggests 

that if the left TPJ is damaged, people do not recognize the thematic relationship between 

two objects (e.g., dog and bone). If true, then patients with TPJ lesions should produce 

fewer thematic errors when naming pictures. However, two neuropsychological studies 

showed that patients with left TPJ lesions were more likely to produce thematic errors in 

picture naming (Jefferies & Lambon Ralph, 2006; Schwartz et al., 2011). Therefore, 

although our results are consistent with the neuropsychological evidence suggesting a 

relationship between the left TPJ and thematic categories, the mechanism underlying the 

left TPJ for representing thematic categories is not clear.  

Although taxonomically and thematically related word pairs differentially 

activated the bilateral ATLs and the left TPJ (in support of the categorical view), we need 

to interpret with caution exactly what aspect of similarity between these word pairs was 

responsible for the activity. This is because we found no relationship between activity 

and the degree to which the word pairs were categorically related. Because the word pairs 

in the two categories differed not only in categorical relationship, but also in the features 

associated with them, it is unclear whether the adaptation is a result of a distinction 

between category, and/or a distinction between features. Although the present study to 

date is the best attempt to our knowledge to control for the function features involved 

across taxonomic and thematic categories, due to the different instructions for the two 

function feature ratings, the word pairs we used for the two categories may also have 

differed in terms of features (i.e., more function features associated with the taxonomic 
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category vs. more action features associated with the thematic category). If true, 

adaptation in the bilateral ATLs and left TPJ was driven by either different features 

associated with the two categories and/or the categorical relationships (i.e., taxonomic vs. 

thematic). In fact, we found a correlation between activity in the right ATL and the 

degree of function similarity between two words, suggesting that the right ATL 

represents function feature information. However, it is premature based on these results 

to reject the category based view. This is becaseu the pattern of adaptation is more 

consistent with previous evidence supporting the category based view.  

Most empirical evidence shows that the left ATL functions as a hub binding 

features from different modalities to represent categorical relationships (see Pattersons et 

al., 2007 for a review). However, a recent neuroimaging study suggests that the bilateral 

ATLs also represent specific features (e.g., manipulation and location) associated with 

certain exemplars independent of their category membership (Peelen & Caramazza, 

2012). On the other hand, regarding the relationship between left TPJ and 

feature/category information, two neuropsychological studies reported that patients with 

left TPJ lesions were more likely to produce thematic errors when naming pictures 

(Jefferies & Lambon Ralph, 2006; Schwartz et al., 2011), suggesting that the left TPJ 

represents thematic category information. To our knowledge, no study has reported the 

relationship between the left TPJ and feature information. Therefore, based on previous 

evidence and our results, together the picture that emerges is that the bilateral ATLs 

likely support knowledge about both categories and features whereas the left TPJ likely 

supports thematic category information. This leaves open questions concerning the nature 

of the knowledge that distinguishes brain regions which subserve both categorical and 
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feature knowledge, from sensory/motor brain regions specific to features (like the 

bilateral precentral gyri). 

4.6 Conclusion 

The present adaptation fMRI study in healthy subjects demonstrates that both 

feature and category information associated with an object is important for organizing 

object knowledge, in support of the distributed-plus-category view. First, the bilateral 

ATLs were sensitive to word pairs sharing taxonomic category membership while the left 

TPJ was sensitive to word pairs sharing thematic category membership. Second, activity 

in the primary motor cortex correlated with the degree that objects shared features related 

to action. However, we did not observe significant relationships between activity in the 

bilateral ATLs and the TPJ and the degree to which word pairs were judges as sharing the 

same taxonomic and thematic categories, potentially due to the specificity of the rating 

instructions (e.g., the lack of emphasis on basic/subordinate level categorical information 

and object typicality). Instead, we observed a correlation between the activity in the right 

ATL and the degree of function similarity between two objects, suggesting that at least 

the right ATL carry some specific feature information. Future research should further 

identify the aspects of taxonomic and thematic relationships that are similar across 

members of a given category in order to better understand how the bilateral ATL and left 

TPJ differentially support taxonomic and thematic categories. 
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Chapter 5 Summary and Discussion 

5.1 Summary of findings 

The goal of this dissertation was to investigate the role of feature and category 

(i.e., taxonomic and thematic) information in representing object concepts from both 

cognitive and neuroanatomical perspectives. To achieve this goal, I adopted two research 

approaches – behavioral (i.e., RT and errors) and brain activity (i.e., fMRI) 

measurements. From the cognitive perspective, I examined whether manipulating feature 

and category information impacted response time and/or accuracy (i.e. behavioral 

measurements) when subjects access the meaning of a word (e.g., dog) in Experiments 1 

and 2. Experiment 1 showed that subjects produced higher error rates and longer response 

times when translating a Chinese word into an English word that was embedded in 

categorically related vs. unrelated word arrays, which suggests that category information 

is activated when people access the meaning of words. Experiment 2 showed that 

subjects comprehended target words (e.g., coin) more quickly after a prime picture (e.g., 

pizza) that shared the same shape with the target object (i.e., shape priming effect) at the 

short SOA, which suggests that features (e.g., shape) are activated when people access 

the meaning of words. From the neuroanatomical perspective, I investigated whether 

distinct brain regions showed activity for feature and category (i.e., taxonomic and 

thematic) manipulations when people access an object concept in Experiment 3. The 

results of Experiment 3 revealed that the bilateral ATLs showed reduced activity when 

subjects saw the taxonomically related vs. unrelated word pairs and the left TPJ showed 

greater activity when subjects saw the thematically related vs. unrelated word pairs, 

which suggests that taxonomic and thematic category information is activated during 
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word comprehension. Additionally, I found that the activity in primary motor cortex was 

reduced with the degree of function relatedness (e.g., cutting) between two objects (e.g., 

saw-wood). Taken together, my dissertation provides converging evidence from these 

two perspectives showing that both feature and category information play a role in 

representing object concepts.  

5.2 Implications for the theories of the object knowledge representation 

Two research lines, one from a neuroanatomical perspective, the other from a 

cognitive perspective have investigated the role of feature and category information in 

representing object concepts from the neuroanatomical and cognitive perspectives. From 

the neuroanatomical perspective, one research line (e.g., Capitani, et al, 2003; Gainotti, 

Silveri, Daniel, & Giustolisi, 1995; Schwartz et al., 2011; for reviews, see Patterson et al., 

2007; Martin, 2007; Mahon & Caramazza, 2009) demonstrates that visual and motor 

brain regions are engaged when people access object concepts (e.g., picture naming and 

word comprehension). Developed from this research line, the distributed-feature theories 

(e.g., Allport, 1985; Barsalou, 1999, 2008; Crutch and Warrington 2003; Damasio et al., 

2004; Gallese & Lakoff, 2005; Martin et al., 2000; Patterson et al., 2007; Pulvermuller, 

2005) assume that concepts are constituted by features from different modalities (e.g., 

visual, motor, tactile), which are grounded in our sensory-motor neural systems. On the 

other hand, from the cognitive perspective, the behavioral evidence (e.g., Piaget & 

Inhelder, 1959; Inhelder & Piaget, 1964; Lin & Murphy, 2011; Crutch & Warrington, 

2005, 2007, 2010; Hamilton & Martin, 2011; Geng & Schnur, 2015) suggests that both 

thematic and taxonomic information is activated when people access the meaning of 

words. A class of theories (the taxonomic-dominant view, e.g., Piaget & Inhelder, 1959; 
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Crutch & Warrington, 2005, 2010; the taxonomic-plus-thematic view, e.g., Lin & 

Murphy, 2001; Mirman & Graziano, 2011; Hamilton & Martin, 2011) based on the 

behavioral evidence assumes that taxonomic and thematic categories are critical 

principles for representing object concepts. This class of theories remains silent on the 

interpretation of the neuroanatomical evidence, making no claims from a 

neuroanatomical perspective, and no explicit assumptions regarding the role of features in 

representing object concepts and the relationship between features and categories. On the 

other hand, the distributed-feature theories developed from neuroanatomical evidence do 

not gain support from behavioral evidence. For example, some studies showed that when 

people access the meaning of words, this access was not affected (slower/faster) by 

manipulating feature information (e.g., Pecher et al., 1998; See Hutchison, 2003 for a 

review). Therefore, to bridge the gap between the two lines of research (i.e., behavioral 

and neuroanatomical), my dissertation investigated the significance of features and 

categories employing behavioral and brain activity measurements. The behavioral and 

neuroimaging findings in my dissertation demonstrate that both features and categories 

get activated when people access the meaning of words. These results are in support of 

one of the distributed-feature theories (i.e., the distributed-plus-category view; e.g., 

Schwartz et al., 2011; Mirman & Graziano, 2012) suggesting that in addition to 

sensory/motor neural networks representing feature information, there are distinct neural 

systems (i.e., ATL and TPJ) underlying taxonomic and thematic categories. Below, I first 

discuss the neural mechanisms of categories and features and then consider the cognitive 

mechanisms. 

5.2.1 Neural mechanisms underlying taxonomic and thematic categories  
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Amodal hubs and the representation of category information 

There are two general accounts regarding the neural mechanisms of taxonomic 

and thematic categories. According to the distributed-plus-category theories (Mirman & 

Graziano, 2012; Schwartz et al., 2011), taxonomic and thematic categories are 

represented in two brain regions (i.e., bilateral ATLs and left TPJ) in addition to the 

sensory-motor neural systems. In contrast, the distributed-only view (e.g., Allport, 1985; 

Barsalou, 1999, 2008; Gallese & Lakoff, 2005; Kalénine et al., 2009) assumes that 

taxonomic and thematic categories are represented in sensory/motor neural systems. 

Specifically, Kalénine et al. (2009) propose that more visual features are associated with 

taxonomic categories whereas more function features are associated with thematic 

categories. According to Kalénine et al.’s hypothesis, taxonomic categories should 

activate visual brain regions (e.g., ventral temporal cortex) and thematic categories 

should activate function/action brain regions (e.g., premotor cortex). Inconsistent with 

this prediction, in Experiment 3, both taxonomic and thematic categories showed activity 

in visual brain regions (left lingual gyrus for thematic category; left fusiform for 

taxonomic category) and no function/action brain regions showed activity difference 

between taxonomically or thematically related vs. unrelated word pairs. On the other 

hand, consistent with the distributed-plus-category view, I found that the bilateral ATLs 

and left TPJ were engaged in processing the taxonomically and thematically related word 

pairs respectively. Taken together, the results of Experiment 3 are more consistent with 

distributed-plus-category view demonstrating that there are two separate brain regions for 

processing taxonomic and thematic categories respectively. 

Although there is a consensus across most theories in the distributed-plus-
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category view that bilateral ATLs are critical for processing taxonomic category 

information (e.g., Patterson et al., 2007; Schwartz et al., 2011), there is debate regarding 

the relationship between bilateral ATLs and thematic categories (Jefferies & Lambon 

Ralph, 2006; Schwartz et al., 2011; Jackson et al., 2015). For example, by studying 

picture naming errors in 86 stroke patients, Schwartz et al. (2011) found that taxonomic 

errors (e.g., naming the apple picture as pear) were associated with lesions in left ATL 

and thematic errors (e.g., naming the apple picture as worm) with lesions in the left TPJ. 

Therefore, Schwartz et al. concluded that the left ATL represents taxonomic categories 

and the left TPJ represents thematic categories (referred to as “dual-hub theory”. In 

contrast, a recent fMRI study (Jackson et al., 2015) found that both taxonomic and 

thematic categories equivalently activated bilateral ATLs and the left TPJ was engaged 

only for the thematic category. However, when controlling for the speed of response 

times, there was no activity difference in the left TPJ between taxonomic and thematic 

categories, suggesting that the activity in the left TPJ actually reflects general task 

difficulty rather than representing thematic categories. Based on these findings, Jackson 

et al. claimed that both taxonomic and thematic categories are represented in the same 

semantic neural network including the bilateral ATLs that function as a central hub 

binding features grounded in sensory/motor regions (referred to as “single-hub theory”).  

Because the dual-hub (Schwartz et al., 2011; Mirman & Graziano, 2012) and the 

single-hub theories (Jefferies & Lambon Ralph, 2006; Jackson et al., 2015) have 

diverging predictions regarding the comparison between the thematically related and 

unrelated word pairs in my study, Experiment 3 provides evidence to potentially tease 

these two accounts apart. The single-hub theory assumes that the bilateral ATLs serve as 



	   125 

a hub for both taxonomic and thematic categories. This theory predicts that the bilateral 

ATLs should show similar adaptation for the taxonomically related vs. unrelated and 

thematically related vs. unrelated comparisons in Experiment 3. In contrast, the dual-hub 

theory (Schwartz et al., 2011; Mirman & Graziano, 2012) predicts that a) the left TPJ 

should show a difference in activity between the thematically related and unrelated word 

pairs but no difference between the taxonomically related and unrelated word pairs and b) 

the left TPJ should show more adaptation as the degree to which word pairs were judged 

as belonging to the same thematic category increases. Clearly the results of Experiment 3 

(i.e., reduced activity in bilateral ATLs for taxonomically related word pairs and greater 

activity in the left TPJ for thematically related word pairs) support the dual-hub theory 

(Schwartz et al., 2011; Mirman & Graziano, 2012), suggesting that the ATL represents 

the taxonomic category and the left TPJ represents the thematic category. 

Sensory/motor brain regions and the representation of category information 

Although the distributed-plus-category view assumes that taxonomic category 

information is solely represented in the bilateral ATLs, growing neuroimaging evidence 

(e.g., Chao et al., 1999; Beauchamp, Lee, Haxby, & Martin, 2002; Haxby et al., 2001; 

Cox & Savoy, 2003) demonstrates that taxonomic category information is also 

represented in sensory/motor brain regions. For example, when people viewed animal 

and tool pictures, animal pictures activated the lateral fusiform gyrus and posterior 

superior temporal gyrus whereas tool categories activated the medial fusiform gyrus and 

pMTG (e.g., Chao et al., 1999; Beauchamp et al., 2002), suggesting that different object 

categories elicit activity in different sub-regions of sensory/motor brain regions. In 

addition, when subjects view pictures from different categories (e.g., faces, cats, chairs), 
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multivoxel activity patterns in ventral temporal cortex (i.e., visual regions) distinguished 

between these taxonomic categories (e.g., Haxby et al., 2001; Cox & Savoy, 2003; 

Brants, Baeck, Wagemans, Op de Beeck, 2011; Connolly et a., 2012), suggesting that the 

activity patterns in sensory/motor brain regions also encode category information. Taken 

together, taxonomic category information is represented not only in the bilateral ATLs 

but also in sensory/motor brain regions.  

5.2.2 Neural mechanisms underlying features 

Sensory/motor brain regions and the representation of feature information 

Since Allport (1985) first articulated the critical role of the sensory/motor systems 

in representing object concepts, a number of neuroimaging studies (see Martin, 2007 for 

a review) have investigated the brain regions for processing different features (e.g., color, 

action, shape) associated with objects. For example, the ventral temporal cortex (i.e., 

visual areas) shows activity when people retrieve color and shape information associated 

with objects (e.g., yellow for lemon and round for apple) (e.g., Coutanche & Tompson-

Schill, 2014). The left pMTG and premotor cortex (i.e., action/function regions) are 

engaged when people access action (i.e., the manner of manipulation associated with an 

object) and function (i.e., the purpose of use for an object) information associated with 

objects (see Noppeney, 2008 for a review). In addition, bilateral precentral gyri show 

activity when subjects observe other people manipulating objects (e.g., tool) (e.g., Hari et 

al., 1998; for a review, see Rizzolatti, Fogassi, & Gallese, 2001). In line with these 

studies, I observed a significant correlation between the brain activity in bilateral 

precentral gyri including part of the premotor cortex and subjective ratings of action 

relatedness between objects (e.g., use a saw to cut wood). Taken together, these studies 
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suggest that features associated with objects are grounded in sensory/motor brain regions. 

Amodal hubs and the representation of feature information 

However, inconsistent with the distributed-feature view (e.g., Allport, 1985; 

Barsalou, 1999, 2008; Gallese & Lakoff, 2005; Patterson et al., 2007), a recent 

neuroimaging study (Peelen & Caramazza, 2012) found that hub regions (i.e., the 

bilateral ATLs) carry information about high-level abstract conceptual features of objects 

such as action and location. In this study, subjects viewed tool pictures as pairs (e.g., 

staple gun and screwdriver) and indicated whether the two objects shared a particular 

conceptual feature (i.e., location or action). The authors manipulated the feature overlap 

between two objects. Some object pairs (e.g., screwdriver and staple gun) shared the 

same location (a kitchen or a garage). Some (e.g., pepper mill and screwdriver) shared 

the same action (rotating or squeezing). Others (e.g., pepper mill and hand drill) did not 

share either location or action features. The authors argued that if a brain region encodes 

abstract conceptual features (e.g., location and action), it should have a similar neural 

response to objects with a shared conceptual feature, even if those objects are different in 

all other respects. They tested this hypothesis using multivoxel pattern analysis and found 

that objects with a shared conceptual feature had highly similar activity patterns in 

bilateral ATLs. A similar effect was observed for both the location and action features of 

concepts regardless of whether the task probed location or action knowledge, suggesting 

that the responses were not purely task-driven. In contrast, visual similarity (e.g., shape) 

across the stimuli was encoded in early visual processing regions of temporal-occipital 

cortex. Altogether, Peelen and Caramazza concluded that sensory/motor brain regions 

represent lower-level features whereas hub regions like bilateral ATLs represent higher-
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level conceptual features (e.g., function, location) related to multiple modalities (e.g., 

visual, motion, spatial). Consistent with Peelen and Caramazza’s findings, Experiment 3 

in my dissertation showed that activity in the right ATL decreased as the function 

similarity (i.e., function feature) between objects increased. Taken together, these 

findings indicate that high-level abstract features (e.g., function, action, location) 

typically contain more complex information regarding where and how we interact with a 

specific object and thus may require a hub region (e.g., bilateral ATLs) to integrate 

information from sensory/motor brain regions.  

5.2.3 Interim Summary  

According to the distributed-plus-category view, the bilateral ATLs and left TPJ 

represent taxonomic and thematic category information respectively, and sensory/motor 

brain regions represent features from different modalities (e.g., visual, motor, auditory). 

Although the findings in this dissertation and neuropsychological evidence are partially 

consistent with this view (e.g., Schwartz et al., 2011; Mirman & Graziano, 2012), 

growing neuroimaging evidence here and elsewhere (e.g., Haxby et al., 2001; Peelen & 

Caramazza, 2012; Coutanche & Tompson-Schill, 2014) show inconsistent results. For 

example, Peelen and Caramazza (2012) found that high-level abstract features (e.g., 

action and location) were represented in bilateral ATLs. In addition, some neuroimaging 

studies (e.g., Chao et al., 1999; Haxby et al., 2001; Beauchamp et al., 2002) and my own 

experiment showed that sensory/motor brain regions carry category information. 

Altogether, these findings suggest that the bilateral ATLs function as a hub representing 

not only taxonomic category information but also high-level feature information, and 

sensory/motor brain regions represent not only features but also taxonomic category 
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information. It seems that both feature and taxonomic category information is represented 

in the same semantic neural network including amodal hubs (the bilateral ATLs) and 

sensory/motor brain regions. If true, this generates at least two predictions. First, patients 

with lesions in bilateral ATLs should show impairments not only with taxonomic 

knowledge but also high-level feature knowledge (e.g., location, function). Although a 

number of neuropsychological studies showed that ATL is crucial for the representation 

of taxonomic knowledge (see Patterson et al., 2007 for a review), few studies (Hodges et 

al., 2000) has investigated whether ATL lesions result in high-level feature knowledge 

impairments. Second, given that sensory/motor brain regions are engaged for processing 

taxonomic categories (e.g., Haxby et al., 2001), patients with lesions in sensory/motor 

brain regions (e.g., visual) should exhibit the loss of the corresponding feature knowledge 

(e.g., color and shape) for objects in all kinds of taxonomic categories. Consistent with 

this prediction, Miceli et al. (2000) reported that a patient with lesions in inferior 

temporal cortex had impaired color knowledge for objects in various taxonomic 

categories including living and nonliving things, but spared knowledge for other object 

features (e.g., function). Future research should further test these two predictions in order 

to understand whether sensory/motor and hub regions are necessary for representing 

feature and category information. 

5.2.4 Cognitive mechanisms underlying categories and features  

The findings of this dissertation and other neuroanatomical empirical evidence 

reviewed above suggest that feature (e.g., shape) and category information (i.e., 

taxonomic and thematic) is activated when the meaning of words are accessed. Yet, there 

is scarce behavioral evidence in support of the activation of feature information during 
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word comprehension. Therefore, the shape priming effect in Experiment 2 (i.e., faster 

response times for target words after shape related vs. unrelated prime pictures) provides 

important evidence for the distributed-feature theories, suggesting that visual features 

(e.g., shape) are activated when people access the meaning of words. More importantly, a 

few behavioral studies and my own experiment provide potential answers to some critical 

questions that the distributed-feature theories and the current neuroanatomical evidence 

do not answer. For example, when we access an object concept, do sensory/motor brain 

regions first process low-level feature information (e.g., shape, color) and then the hub 

regions come into play (i.e., bind the information from sensory/motor brain regions)? In 

other words, do we activate low-level features first and then high-level features and/or 

categorical relationships later? Do features or categorical relationships get activated 

depending on a specific context? Answering these questions can give us a better view 

regarding how exactly we access different information (features and categories) 

associated with objects.  

 Two eye-tracking studies and my own experiment (i.e., Experiment 2) made first 

attempt to address above questions and the findings suggests that features and categorical 

relationships (e.g., taxonomic and thematic) likely have different temporal activation 

patterns (Yee et al., 2011; Kalenine, Mirman, Middleton, & Buxbaum, 2012). Yee et al. 

(2011) and Kalenine et al., (2012) both used similar word-picture matching tasks where 

subjects identified the picture in a 4-picture array corresponding to a written word. Yee et 

al. and Kalenine et al. measured the eye fixations on each of the four pictures between the 

onset of the picture array and the selection of the correct target picture. Specifically, in 

Yee et al. (2011), one of the four pictures shared the same shape (e.g., picture: “pizza”; 



	   131 

target word: “Frisbee”) or function (e.g., picture: “stapler”; target word: “paperclip”) with 

the target object. The results revealed that subjects showed more eye fixations on shape 

related pictures after a short 4-picture preview session and more eye fixations on function 

related pictures after a long 4-picture preview session. Therefore, Yee et al. concluded 

that low-level features of object concepts (e.g., shape) were activated earlier than high-

level abstract features (e.g., function). Given that the function related stimuli in Yee et al. 

were also related in the taxonomic category, it is not clear whether the later activation 

was driven by function features or category information. In order to address this issue, I 

manipulated function features in taxonomic and thematic categories and observed a trend 

of a taxonomic priming effect at the long SOA but no thematic effect in Experiment 2. 

This suggests that the later activation in Yee et al (2011) is more likely to be driven by 

the taxonomic category information but not function features. On the other hand, to 

explore the temporal activation patterns associated with thematic and taxonomic 

categories, Kalenine et al. (2012) manipulated the categorical relationship between the 

target word and a distractor picture. The thematically related distractor pictures received 

earlier and shorter lasting eye fixations compared to the taxonomically related distractor 

picture. Critically, Kalenine et al. also examined the role of context information in 

shaping the activation patterns of the two categories by adding sentences before the target 

word. The target word was either congruent (e.g., vacuum cleaner) or incongruent (e.g., 

sponge) with the situation described in a sentence (e.g., “he wanted to clean the floor and 

looked for the”). The results revealed that the congruent sentence context led to earlier 

activation of taxonomic category in comparison to the condition without sentence 

context, suggesting that the task context changes the activation of categorical 
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relationships. Taken together, these two studies demonstrate that features and categorical 

relationships have different temporal activation patterns that might be sensitive to 

contexts, which indicates that feature and category information associated with objects is 

not static, but instead can be dynamically affected by the context in which the object 

concept occurs.  

5.3 Future directions 

There are multiple directions in which future research can proceed. First, 

regarding the neural mechanisms underlying features and categories, the neuroimaging 

evidence (e.g., Peelen & Caramazza, 2012) and my own experiment (i.e., Experiment 3) 

suggests that sensory/motor brain regions support feature information (including both low 

and high levels) and hub regions (bilateral ATLs) support high-level features (e.g., 

function, location, action) and taxonomic category information. In addition, Yee et al. 

(2011) and my own experiment (Experiment 2) showed that low-level feature 

information (e.g., shape) was activated earlier than high-level feature (e.g., function) or 

taxonomic category information. Altogether, when people access object concepts, 

sensory/motor brain regions first process low-level feature information (e.g., shape, 

color) and then the hub regions come into play (i.e., bind the information from 

sensory/motor brain regions). To test this hypothesis, it is critical for future research to 

map different activation time courses with features and categories onto the corresponding 

neuroanatomical regions using the combination of fMRI (good spatial resolution) and 

ERP (good temporal resolution) technique. Second, given that current neuroimaging 

evidence and my own research suggest that sensory/motor brain regions support both 

feature and category information (e.g., Mahon & Caramazza, 2011), it is important for 
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future studies to test the necessity of sensory/motor brain regions for conceptual 

processing. For example, whether damage to sensory/motor brain regions in patients 

(e.g., inferior temporal cortex for visual processing, premotor for action processing) or 

temporal deactivation of these regions using TMS with healthy people can impair 

processing of object concepts. Third, in comparison to taxonomic categories, the neural 

mechanism underlying thematic categories is much less studied. Schwartz et al. (2011) 

first proposed that the left TPJ serves as a hub binding information from sensory/motor 

brain regions to represent thematic categories. However, the current evidence showed 

mixed results (Schwartz et al., 2011; Mirman & Graziano, 2012; Jackson et al., 2015; 

Lewis et al., 2015). Two neuropsychological studies reported that the left TPJ damage in 

patients resulted in the loss of thematic knowledge whereas a neuroimaging study with 

healthy people found that the left TPJ was activated for both thematic and taxonomic 

categories (Lewis et al., 2015). I provide the first study showing that objects in the same 

thematic category with action relations (e.g., saw-wood) activated the left TPJ. However, 

there are a number of relations between objects which can be considered as a thematic 

category. For example, roof and house are spatial related, saw and wood are action 

related, and broom and floor are functionally related. Future studies should explore the 

specificity of the left TPJ to determine whether different thematic relationships are 

represented in the left TPJ. 

5.4 General Conclusion 

 Based on the findings of this dissertation and other empirical evidence (e.g., 

Peelen & Caramazza, 2012; Yee et al., 2011; Kalenine et al., 2012), I conclude that 

features and categories are important for representing object knowledge. First, object 
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(high-level) features are supported not only in sensory/motor brain regions but also in 

hub regions (e.g., ATL). Second, the bilateral ATLs and the left TPJ are critical for 

representing taxonomic and thematic categories respectively. Third, object’s feature and 

category information becomes active along different time courses when people access the 

meaning of words, with category and (high-level) feature information following (low-

level) feature information. Taken together, the picture that emerges is that when people 

access object concepts, feature information (e.g., shape, color) first activates (low-level) 

sensory/motor brain regions and then the hub regions bind the information from 

sensory/motor brain regions to represent category information and high-level features 

(e.g., function, location).  
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Appendix A: Stimuli in Experiment 1. 

Concrete words (Associatively Related) 
Set 1   Set 2   Set 3   Set 4  
farmer 农民  oven 烤箱  sailor 水手  monkey 猴子 
cow 奶牛  apron 围裙  boat 小船  cage 铁笼 
tractor 拖拉机  kitchen 厨房  anchor 锚  banana 香蕉 
barn 谷仓  soup 汤  ocean 大海  zoo 动物园 
Set 5   Set 6   Set 7   Set 8  
tent 帐篷  plane 飞机  picture 图画  building 房屋 
camp 野营  airport 机场  brush 画笔  architect 建筑师 
woods 森林  ticket 机票  canvas 帆布  cement 水泥 
fire 篝火  suitcase 手提箱 frame 画框  brick 砖 
           

Concrete words (Associatively Unrelated) 
Set 1   Set 2   Set 3   Set 4  
camp 野营  cow 奶牛  plane 飞机  farmer 农民 
oven 烤箱  kitchen 厨房  apron 围裙  soup 汤 
anchor 锚  sailor 水手  ocean 大海  boat 小船 
monkey 猴子  brick 砖  banana 香蕉  cage 铁笼 
Set 5   Set 6   Set 7   Set 8  
tent 帐篷  fire 篝火  woods 森林  tractor 拖拉机 
barn 谷仓  airport 机场  ticket 机票  suitcase 手提箱 
picture 图画  brush 画笔  canvas 帆布  frame 画框 
architect 建筑师  cement 水泥  building 房屋  zoo 动物园 
 

Concrete words (Categorically Related) 
Set 1   Set 2   Set 3   Set 4  
skirt 裙子  ship 船  eggplant 茄子  rabbit 兔子 
jacket 夹克  car 汽车  pepper 青椒  cat 猫 
pants 裤子  bicycle 自行车 onion 洋葱  dog 狗 
blouse 衬衫  train 火车  potato 土豆  squirrel 松鼠 
Set 5   Set 6   Set 7   Set 8  
cookie 饼干  grapes 葡萄  pigeon 鸽子  violin 小提琴 
cake 蛋糕  apple 苹果  duck 鸭子  piano 钢琴 
bread 面包  watermelon 西瓜  eagle 老鹰  flute 笛子 
sandwich 三明治  strawberry 草莓  goose 鹅  drum 鼓 
           
Concrete words (Categorically Unrelated) 
Set 1   Set 2   Set 3   Set 4  
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pants 裤子  skirt 裙子  jacket 夹克  cookie 饼干 
ship 船  bicycle 自行车 car 汽车  train 火车 
eggplant 茄子  pepper 青椒  onion 洋葱  potato 土豆 
rabbit 兔子  cat 猫  dog 狗  squirrel 松鼠 
Set 5   Set 6   Set 7   Set 8  
blouse 衬衫  cake 蛋糕  sandwich 三明治 bread 面包 
grapes 葡萄  apple 苹果  watermelon 西瓜  strawberry 草莓 
pigeon 鸽子  duck 鸭子  eagle 老鹰  goose 鹅 

violin 小提琴  piano 钢琴  flute 笛子  drum 鼓 
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Appendix B. Stimuli in Experiment 2. 
Target Thematically related Thematically unrelated 
axe log ice 
bandage wound spaghetti 
blender fruit fire 
bowl soup floor 
broom floor eye 
clippers bush soup 
cork bottle body 
cuboard cans bolt 
fish hook bottle 
glasses eye cloth 
hose fire grapes 
knife bread bush 
ladle soup foot 
moat castle fruit 
monkey banana hook 
needle cloth bread 
oven bread harbor 
paint canvas soup 
pick ice cloth 
plunger toilet television 
remote television cans 
scarf neck log 
scissors cloth bread 
ship harbor banana 
shoe foot flower 
soap body canvas 
strainer spaghetti wound 
vase flower castle 
wine grapes toilet 
wrench bolt neck 
 
Target Taxonomically related Taxonomically unrelated 
bathtub shower car 
bike car cards 
bomb gun hourglass 
bus airplane suit 
calculator abacus glue 
candle light bulb doorbell 
cap sunglasses battery 
chopsticks fork sunglasses 
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clarinet harmonica lighter 
cooler thermos sponge 
dice cards trumpet 
dress suit lock 
flute horn light bulb 
globe map paperclip 
hanger clothespin cassette 
hat earmuffs thermos 
knocker doorbell harmonica 
matches lighter purse 
mop sponge crayon 
paintbrush crayon drill 
piano trumpet button 
plug battery fork 
record cassette horn 
safe lock abacus 
screwdriver drill airplane 
stapler paperclip earmuffs 
tape glue shower 
wallet purse clothespin 
watch hourglass map 
zipper button gun 

 
Target Shape related Shape unrelated 
almond eye helmet 
ball moon brick 
balloon watermelon napkin 
baseball orange daisy 
bomb peach pencil 
bowl helmet mountain 
box brick baton 
chopstick pencil bagel 
dynamite baton hay 
fan daisy peach 
football lemon pencil 
frisbee pizza river 
funnel mountain hair 
grenade lime belt 
gun handdrill flag 
hedgehog brush lime 
nail pencil pizza 
noodles hair orange 
pen stiletto bead 
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pill bead cookie 
puck cookie cigarette 
rope cobra brush 
snake river lemon 
softball grapefruit handdrill 
spaghetti hay moon 
tile napkin cobra 
tire bagel grapefruit 
towel flag watermelon 
worm cigarette stiletto 
yardstick belt eye 
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Appendix C. Stimuli in Experiment 3. 

Target Identical Unrelated 
Taxonomically 
related 

Thematically 
related 

Taxonomically 
unrelated 

Thematically 
unrelated 

telescope telescope leash binoculars stars axe bread 
saw saw zipper axe wood lid monkey 
bathtub bathtub cooler shower skin spoon wood 
bowl bowl safe mug soup clothespin electronics 
dynamite dynamite bathtub grenade building leafblower fish 
paintbrush paintbrush cork crayon canvas oven coins 
toaster toaster velcro oven bread crayon floor 
scissors scissors toaster knife cloth muzzle head 
wheelbarrow wheelbarrow glasses dumptruck trash blindfold looseleaf 
perfume perfume battery deodorant underarms strawberry wine 
velcro velcro telescope buckle shoe swing jewelry 
umbrella umbrella lockers poncho rain vacuum steak 
sword sword hanger gun body plug cigarette 
fork fork mop spoon carrots contacts stars 
grapes grapes sword strawberry wine chest ice 
broom broom scissors vacuum ground knife shoe 
wallet wallet umbrella purse coins mango underarms 
hook hook saw net fish airplane leaf 
hose hose paintbrush hydrant fire buckle canvas 
lighter lighter wallet matches cigarette chopsticks carrots 
bus bus grapes airplane people sponge skin 
cork cork stapler lid bottle hydrant trash 
leash leash fork muzzle dog deodorant rain 
safe safe banana lock jewelry grenade paper 
cooler cooler hook thermos ice gun body 
hanger hanger broom clothespin skirt lock people 
rake rake bowl leafblower leaf matches skirt 
seesaw seesaw wheelbarrow swing child button fire 
banana banana tape mango monkey purse ground 
spork spork hose chopsticks steak glue shirt 
battery battery perfume plug electronics paperclip eye 
earplug earplug lighter blindfold head shower bottle 
mop mop earplug sponge floor poncho soup 
stapler stapler rake paperclip looseleaf binoculars books 
zipper zipper dynamite button shirt dumptruck building 
glasses glasses spork contacts eye mug dog 
lockers lockers seesaw chest books thermos child 
tape tape bus glue paper net cloth 
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