
         
Introduction to Resubmission:  We thank the SRG and NIH staff for their review. The summary statement 
reflected overall enthusiasm tempered by several concerns. Below we first address the most salient global 
issues, followed by specific points raised by individual reviewers. We have marked substantively revised text in 
the body of the proposal with a vertical line in the left margin. 
 
     A concern echoed by multiple reviewers was the connection between SA1 and SA2. In the resubmission we 
better explain the motivation for these two aims within a theoretically motivated clinical approach to treating 
progressive naming deficits. SA1 demonstrates that our training approach works and that its efficacy differs 
among patient populations based on underlying patterns of brain damage. SA2 investigates a sensitive means 
of elucidating mechanisms underlying these differences. One important adjustment was the decision to use the 
items from SA1 (treatment) as the eyetracking stimuli (SA2) to more directly compare treatment effects and 
semantic feature processing during naming. These coordinated aims will provide both theoretically innovative 
and clinically relevant information, which can in turn inform targeted, mechanistically driven treatments for 
patients. We have clarified this connection in the revision. Additional overarching concerns were:  
     a) Weak contextualization of semantic model: The resubmission reflects a more thorough, balanced review 
of complementary models. We also expand upon how these models have motivated our treatment approach. 
     b) Participant attrition: Our resubmission includes a formal recruitment plan along with clarification of our 
original attrition projections. With an estimated attrition rate of 25% (based on preliminary data), we will be able 
to adequately recruit sufficient numbers of patients for the proposed research. In addition, support letters 
document promised recruiting assistance from two international dementia organizations. 
     c) Inadequate controls: The suggestion of structuring this intervention as a randomized control trial is well-
taken, and we considered the possibility. However, we retained a quasi-experimental design for several 
reasons: no equivalent therapy, ethics of waitlist control in patients with a progressive disorder, and the fact 
that healthy adults perform at ceiling. We have implemented item-level and within-subjects controls to gauge 
the effectiveness of treatment. In addition, the two patient groups will serve as controls for each other.     
     d) Logistics of multi-site data collection (e.g., instrument calibration, fidelity): We have eliminated data 
collection at Penn, consolidating treatment and neuroimaging to UF while retaining the essential intellectual 
contributions of Dr. Murray Grossman and Dr. Jonathan Peelle. 
 
Reviewer 1 (R1): R1 raised a point about our approach to stimulus balancing to ensure we adequately  
account for psycholinguistic effects. We have now expanded our item pool and report frequency and familiarity 
ratings for target words (Appendix C). We specify cutoff values and identify a reshuffling procedure in the event 
a random item assignment results in an unbalanced design. Thus we can avoid an unbalanced list being 
presented to any participant. R1 also suggested increasing instrumentation expertise, which we have 
addressed by adding experts in eyetracking (Michael Dickey, PhD) and MR physics (Song Lai, PhD). R1 noted 
that the investigators have limited publication history together. We have explicitly scheduled regular meetings 
and formalized contributions to help facilitate collaboration on this project. R1 expressed concern about our 
ability to recruit sufficient numbers of participants; we have now bolstered recruiting through national dementia 
organizations (see support letters) who are listing our study on Trial Match. R1 noted that checks on treatment 
fidelity were needed; these are now added to SA1 with a formal treatment fidelity plan appended. R1 
suggested including a behavioral measure of therapy benefit, which we have also added (see method).  
 
Reviewer 2 (R2): R2 correctly notes that our training approach has similarities to “memory book” and errorless 
learning approaches. However, in our treatment protocol these approaches are integrated as components 
within a theoretically motivated semantic treatment in a unique way. We clarify further in the revised version. 
R2 suggested that head-mounted eyetracking might work better than our current system. We attempted head-
mounted eyetracking, but found patients tolerated the headgear very poorly. Instead we rebuilt our setup to 
allow for virtually free movement by mounting our IR sensor on a hinged platform (see Appendix E). 
 
Reviewer 3 (R3): R3 requested additional eyetracking pilot data from patients, which we include in the revised 
submission. R3 also suggested that the use of single words and a limited vocabulary might restrict treatment 
efficacy. We understand this perspective and think that though our approach involves what we have termed a 
limited lexicon, the 100 trained items encompass various semantic categories, can serve as various 
components of a sentence (subject, verb, object) and have high relevance and combinatorial potential, which 
together have the potential to best optimize treatment efficacy.   
  



         
2. SPECIFIC AIMS 
The changing mosaic of human longevity has created unprecedented challenges for our healthcare system. 
We are now in the midst of a public health crisis regarding the management of dementia. Alzheimer’s Disease 
alone is currently the sixth leading cause of mortality in the United States, and more than six million Americans 
are currently living with the disease.1 All demographic indicators project exponential growth in dementia 
prevalence. Within three decades, we can expect to manage twenty million Americans with dementia with 
annual associated costs exceeding $1.1 trillion.1-3 Given this challenge, a central goal of public health research 
is to improve dementia management and promote functional independence. One of the most debilitating 
symptoms of dementia is impairment for naming common objects, people, and actions, and the resulting 
difficulty in communication. For many patients, this difficulty stems from an underlying deficit in conceptual 
knowledge, or semantic memory.4-10   

There are two aspects to traditional semantic rehabilitation that we seek to improve upon: the focus on 
re-training forgotten items, and the lack of distinction between different types of semantic impairment in various 
patient populations. In this proposal we focus on helping patients with neurodegenerative disease maintain a 
modest set of highly relevant words despite overall cognitive decline as opposed to re-learning forgotten 
words. Based on a theoretically motivated neuroanatomical model of semantic memory, we predict that two 
dementia subpopulations—Alzheimer’s Disease (AD) and Semantic Dementia (SemD)—will respond differently 
to treatment as a result of distinct patterns of cerebral atrophy. A second goal is to characterize differences in 
attention to diagnostic visual features in patients as a step towards more individualized treatment approaches: 
preliminary data suggests that both patient groups have difficulty attending to critical visual features, but in 
different ways. Understanding the relationship between feature processing and naming will aid in 
understanding patient behavior and inform development of specified intervention approaches. The research 
proposed here thus concurrently implements a transformative semantic training program and lays the 
groundwork for future innovations based on brain-based models of semantic memory.11-14 

SA1. To evaluate language maintenance across time as patients with AD (N=25) and SemD (N=25) 
undergo a lexical-semantic treatment targeting preservation of a diverse and functional vocabulary.  
Hypotheses: a) Patients will optimize language function by receiving extensive longitudinal training on a finite 
set of words beginning during early stage dementia; b) Treatment that targets maintenance of known words will 
result in superior lexical retention relative to a set of untrained words; c) Treatment will be optimized through 
repeated exposure and semantic feature training. Method: We will construct a personalized micro-lexicon for 
each patient consisting of 18 verbs/activities and 85 target people/objects. Patients will train on this lexicon by 
naming and generating semantic features. We will track trajectories of naming accuracy and semantic 
knowledge for trained vs. untrained words.  

SA1a. To evaluate neuroanatomical and behavioral predictors of treatment response to SA1.  
Hypotheses: a) Treatment effectiveness will be moderated by the integrity of semantic memory relative to 
other cognitive domains (e.g., attention); b) Global semantic impairment will result from extensive atrophy of 
lateral temporal lobe regions; c) AD will show superior treatment gains and maintenance compared to 
SemD due to relative sparing of lateral temporal cortex. Method: We will examine longitudinal brain-
behavior correlations using high resolution structural magnetic resonance imaging. We will examine 
cognitive neuropsychological predictors of treatment responsiveness as dementia severity worsens.  

SA2.  To test the role of visual attention mechanisms when naming items representing preserved 
(known) words relative to forgotten (anomic) words in AD and SemD as disease severity worsens.   
Hypotheses: a) Visual search organization will predict naming accuracy, with patients with more organized 
search demonstrating superior naming; b) Accuracy of naming will be related to a lesser degree to attention to 
diagnostic features (e.g., faces, stripes) during naming: patients who are better at focusing on these features 
will show superior naming maintenance for the trained items. Method: We will track eye movements in real-
time as patients name trained and untrained items from SA1 at multiple points as dementia severity worsens, 
providing a means to uncover the etiology of named vs. anomic items from SA1. We will examine two 
dimensions of visual attention: search organization (including latency to fixation, average number of fixations, 
and backtracking ratios) and attention to diagnostic features (time spent looking at key features). Pilot data 
suggest that individual differences in these aspects can explain a significant proportion of patients’ naming 
errors, and thus can provide potential targets for clinical intervention. We will correlate physiological data from 
eyetracking with naming errors and offline assessments of global cognition, executive functioning, semantic 
memory, and structural neuroimaging, linking visual search to a larger theory of semantic memory. 



         

SIGNIFICANCE 

INNOVATION 

3. RESEARCH STRATEGY 
Dementia is one of the most significant public health crises facing the industrialized 
world today. This is an especially grave concern in the United States, where human 
longevity is rapidly increasing and a large cohort of the population is now approaching 

late middle age. This substantial growth in the number of older adults has created unprecedented challenges 
for our healthcare system. We now face an epidemic of Alzheimer’s Disease (AD) and associated forms of 
dementia: Approximately six million adults now live with AD, and this dementia variant alone represents the 6th 
leading cause of mortality in the United States, incurring more than $200 billion in direct annual healthcare 
costs. 1 Dementia prevalence is projected to grow exponentially in tandem with our aging population. Within 
three decades we can expect to care for more than twenty million Americans with some form of dementia, with 
projected costs exceeding $1.1 trillion.1,15 The project site, Florida, is located in the state with the most 
immediate and extensive need. The proposed research will, therefore, address a crucial public health 
issue (i.e., dementia management) at the epicenter of the problem. 
       Medical management of dementia currently involves a combination of symptom management and 
palliative care. Clinical trials are underway for agents that block the initial cascade of protein deposition 
associated with many forms of dementia; however, our capacity to manage existing cases of dementia remains 
grossly inadequate. It is becoming increasingly apparent that we can no longer invest exclusively in the 
promise of prevention but must also drastically improve management for existing cases. Essential goals of 
management are to promote deinstitutionalized care and prolong functional independence for as long as 
possible.15-17 We have proposed a language treatment advance that will help fill this gap and improve cognition 
and communication for many millions of Americans who are in desperate need.  
      One of the most functionally debilitating aspects of dementia is its associated impairment in producing the 
names of people and objects, a condition termed anomia (derived from Latin a- [without] + nom [name]). 
Anomia often progresses to a severity approaching mutism, when patients cannot express their most basic 
wants and needs.10,18-23 Despite the frequency and inevitability of this language disorder in dementia, virtually 
no treatment options exist for offsetting language loss. This treatment gap exists for two reasons: First, there is 
a pervasive and ingrained belief that durable learning is impossible in the context of a progressive memory 
disorder. Second, fundamental gaps exist in our understanding of the nature of how regional brain damage 
impacts lexical and conceptual knowledge. These rate-limiting factors have hindered the development of 
essential interventions. In the current proposal we strive to overcome these obstacles through two primary 
aims. With SA1, we have proposed a unique treatment that will capitalize on residual strengths of two major 
dementia subtypes, AD and Semantic Dementia (SemD). With SA2, we will investigate the etiology of naming 
deficits with a focus on semantic impairment by integrating physiological data from eyetracking and structural 
neuroimaging with behavioral data. This work has far-reaching public health significance and scientific merit. 
We offer a practical advance that will slow the trajectory of language loss in AD and SemD while 
simultaneously yielding insight into the organization and deterioration of semantic memory. 

This project represents a series of advances in cognitive neuroscience and 
neuropsychological rehabilitation. First, we offer a neuroanatomically-grounded approach 
to semantic representation that will guide predictions about how conceptual and lexical 

knowledge degrade. Second, we evaluate potential for slowing the trajectory of language loss via a novel 
treatment paradigm that capitalizes on residual cognitive abilities. This approach is novel in that it represents a 
proactive means of preventing language decline. We view the following as the study’s most innovative aspects:   
We outline a novel, biologically plausible approach to semantic representation. AD and SemD provide 
compelling lesion models for parsing the organization of semantic memory. However, much remains unclear 
about the etiology of anomia in these conditions. Theoretical resolution is not simply an intellectual exercise but 
an essential launching point for informing principled treatment. We offer an approach to semantic 
representation that will aid in predicting the potential for language retention in AD and SemD. Our approach is 
innovative in its capacity to integrate disparate theoretical approaches within a single hybrid framework. 
We describe a concrete strategy for promoting maintenance of a carefully crafted lexicon as dementia 
severity worsens. A number of promising techniques have recently emerged for retraining lost words in the 
dementias (e.g., spaced retrieval training, errorless learning, memory books, structured caregiver 
interactions).24-34  These approaches focus exclusively on best practices for how to retrain language but none 
address the essential question of what to train with a focus on underlying semantic impairment. We 
hypothesize that language treatment in dementia will be optimized through strategic selection of a highly 
combinatorial micro-lexicon. We propose a semantic training strategy for offsetting the loss of this lexicon, 



         

APPROACH 

integrating the most effective components of several independent treatment approaches. The proposed 
approach is novel in that it espouses proactive maintenance of language over reactive training of lost words.  
We will elucidate cognitive processes that underlie naming deficits in AD and SemD with millisecond 
precision as they unfold. We will investigate the time course of visual confrontation naming deficits using a 
technique with high temporal resolution. Eyetracking, coupled with high resolution structural imaging and offline 
cognitive measures, will yield new insights into “when” and “why” anomic semantic deficits emerge in AD and 
SemD. These analyses will offer novel insights into naming impairment in SemD and AD that will directly 
inform targeted treatment approaches. 

     Discord persists in neuroscience regarding the extent to which semantic knowledge is 
grounded in perception (i.e., embodied). One perspective (hereafter referred to as 

sensory/distributed) holds that object knowledge is inextricable from sensation and perception (e.g., hearing 
the word “elephant” engages the same groups of neurons that are dedicated to perceiving the physical 
characteristics of an elephant).35-42 An alternative view holds that word and object meaning (hereafter denoted 
semantic memory) is stored in the brain in an abstract propositional form. Dissonance arises from the neural 
organizing principles underlying each approach. Sensory/distributed theories hold that the many pieces of 
information that comprise object knowledge (i.e., semantic features) are stored within or proximal to regions 
that are also engaged during the act of perception. Under this view, objects are represented as auto-
associated patterns of co-activation across modality-specific regions of cortex43-52 and accordingly there exists 
no single brain region where the concept ELEPHANT is stored. In contrast, theories of abstract propositional 
knowledge often share the assumption of local representation premised on convergence within higher order, 
heteromodal brain regions.50,53-62 This broad perspective (hereafter referred to as abstract/local) holds that 
object concepts are repackaged by the brain as abstract conjunctions of features. Cognitive neuroscience 
remains locked in a stalemate with respect to fundamental questions of semantic organization (e.g., Is 
cognition embodied or abstract? Are semantic representations fixed or flexible?).63,64 Theoretical consensus 
represents an integral step toward understanding the nature of semantic memory impairment, 
predicting its course, and informing the structure of clinical treatment.  
         Several prominent models of semantic memory have recently advanced hybrid approaches with both 
sensory/distributed and abstract/local components.65-70  One common theme is that semantic memory is a 
dynamic system where meaning is flexibly reconstructed online.  For example, an affect laden semantic task 
(e.g., Is a Labrador Retriever friendlier than a German Shepherd?) might evoke a different pattern of modality-
specific cortical activity than a visual magnitude judgment (e.g., Is a Labrador Retriever larger than a German 
Shepherd?). In addition to modal activation, many hybrid models specify a common network dedicated to 
amodal knowledge of retrievers, shepherds and virtually all other object concepts. The nature of the common 
network for semantic memory, its function, and anatomical localization remain unclear.71,72 Damasio73,74 and 
more recently Patterson and colleagues have argued that modality-specific features are stored within a highly 
distributed network of “spokes”.58,75 These spokes radiate bi-directionally to polymodal convergence zones or 
“hubs”.  Hubs are thought to combine and re-package modal information into a set of abstract representations 
that are no longer grounded in sensorimotor processes. Damasio hypothesized that hubs were anatomically 
situated in anterolateral portions of the temporal lobes that are especially vulnerable to the neuropathology of 
SemD and AD. Neuroscience has identified a series of candidate hubs including posterior middle temporal 
gyrus (pMTG), posterior superior temporal sulcus (pSTS), middle layers of the temporal poles (ATL/TP), and 
the Angular Gyrus (AG).66,76,77 We lack even a rudimentary understanding of the role of hubs in forming a core, 
amodal knowledge system. A deeper understanding of the nature of hubs is crucial for determining how 
knowledge degrades in the context of temporal lobe pathologies such as AD and SemD.78 Damasio argued 
that conjunctive neurons within hubs act as pattern associators for activity within spokes.79 In contrast, 
Patterson and colleagues argue that hubs differentiate concepts and compute the central tendencies of 
conceptual categories.56 Both views have merit, but neither adequately describes the complex, non-linear 
process of binding and repackaging semantic features into abstract representations.  
 
Functional architecture of a sparse coding model of semantic organization 
      We recently proposed a hybrid semantic model that will serve as a guiding theoretical framework for the 
proposed aims (for recent lesion symptom mapping evidence see 80 [Appendix G]). This approach is premised 
upon interactivity between two dissociable components: a) Convergence Zones/Hubs: Information from 
different modalities and representational formats are combined and stripped of their modality-specific salience 
within a series of polymodal convergence zones. This stripping process (which we term sparse semantic 



         
coding) is analogous to pruning of non-essential detail during episodic memory consolidation. Sparse semantic 
representations reflect core primitives of object concepts whose meaning is enriched by engaging modality-
objects (e.g., color, form) are represented in a distributed network of modality-specific brain regions. These 
modal regions enrich sparse semantic representations via sensorimotor simulation; 12-14,69 b) Executive 
Semantic Processing: The process of enriching sparse representations involves communication between 
amodal convergence zones and modal cortices. This communication is flexible (dictated by task demands) and 
also resource demanding.63,64 Executive semantic processing is necessary for retrieval, categorization, 
inhibitory control (suppression of competing alternatives), and other processing skills (e.g., error monitoring) 
that are critical for accessing and integrating object concepts into cohesive schemas.11-13,81 
AD and SemD as Lesion Models for Semantic Impairment: Warrington classically described the “selective 
impairment of semantic memory” now acknowledged as semantic dementia.62 SemD and AD have since 

provided compelling lesion models 
for parsing the structure of 
semantic memory.  
     SemD is a variant of 
frontotemporal dementia (FTD) 
associated with relatively 
circumscribed atrophy of 
inferolateral portions of the 
temporal lobes.10,18,83-90 Figure 2 
illustrates the canonical pattern of 
atrophy progression over a year in 
a SemD patient currently enrolled 
in our treatment study at UF. 
Neurodegeneration in SemD 
produces a range of “preserved 
and disturbed” cognitive 
functions.91-93 Patients with SemD 

tend to demonstrate profound impairment for most tasks that rely on semantic knowledge in the context of 
relatively preserved functioning in non-semantic domains (e.g., auditory perception, behavioral 
comportment).94-98 The profile of SemD paints a picture of ubiquitous semantic impairment with receptive 
comprehension impairments (e.g., pictures, words, environmental sounds, odors, tastes, gestures) and 
analogous deficits in expression (e.g., naming, writing, narrative production, tool use).12,91,97,99-103 This degree 
of uniformity strongly implicates damage to a central semantic store, a conclusion further bolstered by the fact 
that SemD patients do not typically experience facilitation from implicit forms of semantic access such as 
priming or cueing.59 The presence of a sweeping semantic impairment in the context of focal temporal lobe 
pathology lends support to abstract/local approaches of semantic organization.48,50,53,56,58-61,96,104 Damage to 
hub(s) should produce global semantic impairment; SemD generally confirms this prediction.97,105-107  
     AD is histopathologically distinct from SemD. Neuronal dropout in AD tends to be more diffuse, impacting 
medial temporal lobe (MTL) structures and during later stages compromising regions of inferolateral temporal 
cortex.108 Plaque deposition in AD also compromises frontal lobe regions dedicated to executive functioning & 
ventral temporal lobe structures dedicated to visual object recognition.109-111 AD compromises many cognitive 
functions (e.g., working memory, visual object recognition), including semantic memory. Yet, the nature of the 
semantic impairment in AD and its relation to anomia remains unclear. Some have argued that AD represents 
a disconnection syndrome wherein naming impairments reflect impaired access to intact knowledge.112-114 AD 
patients, for instance, often show modest facilitation effects from priming and cueing, as well as modality 
advantages (e.g., pictures > words).59,115 Despite the intermittent presence of access-like impairments, many 
researchers argue that anomia in AD reflects degradation of core semantic knowledge. Patients with AD tend 
to show strong correlations between ‘naming and knowing’.13,116-119  
Language Intervention and Learning in Dementia: The progressive nature of dementia presents a moving 
target for cognitive rehabilitation. Although a growing body of recent work has shown that cognitive treatment 
can be effective for dementia120, the development of effective cognitive-linguistic interventions for dementia is 
hindered by three unique challenges: 1) Dementia is often characterized by rigid learning with failure to 
generalize beyond treated exemplars16,121; 2) Treatment gains are typically ephemeral26,94,122; and 3) Language 
impairment is not typically amenable to standard language therapy techniques for stroke.25,123 One of the 

Figure 2. Longitudinal atrophy in SemD  

 
The top panel represents axial 1mm ascending slices of a T1-weighted structural MR 
image for a 58 year-old female patient with SemD in 2009. The bottom panel reflects 
change over one year. Reprint from 82. 



         
primary metrics of treatment effectiveness in neurorehabilitation is the capacity for the treatment to generalize 
to untreated exemplars or unfamiliar situations. The philosophy motivating this approach is that patients will 
extract central tendencies of trained items and generalize abstracted knowledge to newly encountered 
exemplars. Unfortunately, no technique to date has resulted in strong generalization in patients with dementia. 
Instead, patients tend to establish and maintain extremely rigid item-specific associations.16,121,124  
    We argue that the goal of treatment generalization in dementia is counterproductive and that 
patients will experience a superior functional outcome by focusing on maintenance of a finite set of 
highly functional, known words. In SA1, we abandon generalization in favor of an innovative technique that 
optimizes scarce resources by proactively treating a closed set of words. We will implement principles of Error 
Reduced Learning (ERL), where tasks are structured such that patients commit as few errors as possible to 
prevent encoding errors into long-term memory. ERL is a more plausible form of errorless learning where 
training is scaffolded to produce exclusively correct responses. ERL will be paired with semantic feature 
analysis treatment, thereby promoting success in naming within a theoretically driven treatment targeting 
semantic features and representation.32,33,120,125 ERL is not a standalone treatment technique, nor does it 
specify which target words should be trained. It is principled approach that can be integrated into many 
therapy techniques, including Semantic Feature Analysis, a core strategy of SA1. Semantic feature analysis is 
a technique for training the semantic deep structures of target words. In semantic feature analysis, patients 
repeatedly generate a set of multi-modal semantic features associated with a target word with the aim of 
rebuilding weakened links between lexical and semantic representations.126 
 
PRELIMINARY STUDIES:  In 2009 we initiated a pilot longitudinal treatment study examining maintenance of 
language functioning among patients with 
varying dementia etiologies (AD, SemD, 
Vascular Dementia, Lewy Body Dementia, 
Progressive Nonfluent Aphasia) over a two-year 
period. Our goals were to refine the treatment 
and demonstrate proof of concept that 
preservation of naming is in fact feasible in 
dementia. We have since enrolled 21 patients, 
the majority presenting with either AD (n=5) or 
SemD (n=9), the remainder with other dementia 
etiologies. We have completed at least two 
years of language treatment on a subset of 
patients (n=9), while others (n=6) are now 
actively completing treatment. Six patients 
dropped from the study prior to completing a 
year of treatment. This represents an 
approximate rate of attrition of 25-30%. Most attrition was incurred from a small set of patients with rapidly 

advancing dementia who developed 
swallowing/motor deficits. The majority of AD and 
SemD patients we enrolled did not experience such 
deficits and completed at least one year of 
treatment. Thus, 25% attrition represents a 
conservative estimate for the participant dropout 
we can expect given our inclusion criteria.  
      We reported promising preliminary findings at 
an NIH/NIDCD symposium at the 2010 Clinical 
Aphasiology Conference (see Appendix A for 
research poster).127 This longitudinal language 
treatment has involved training patients with 
varying degrees of dementia severity on a 
personalized micro-lexicon consisting of 80–100 
target items (people, objects, activities) selected in 
conjunction with the patient and caregiver. Target 

items are drawn from larger fixed lists consisting of foods, hygiene, places, clothes, and activities. Patients and 

Figure 3. Language maintenance over two years in AD and SemD 

 
Accuracy for trained items (communication board) relative to a control 
language measure (Boston Naming Test) in AD and SemD. Trained items 
result in better naming performance at outset which is preserved over 2 y. 

Figure 4. Eyetracking heatmaps 

 
Color blooms represent fixation time average (FTA) in milliseconds (MS). In 
order to calculate FTA, all fixation hits (x-y coordinates) are smoothed using a 
two-dimensional Gaussian filter. For condition 1, participants made broad 
domain level judgments (animal or tool). For condition 2, participants made 
narrow distinctions (aquatic or land). 



         
caregivers together select 10-15 target people (i.e., proper nouns) with the caveat that they must have high 
personal familiarity and frequency. We then visited patients in their homes and took digital photographs of all of 
the items from the original lists (target items + unselected items). A unique communication board was then 
created for each patient. Patients then begin training via repeated naming with cueing consistent with an ERL 
approach. The data are promising. Vocabulary retention is indeed possible, even in advanced stages of 
dementia. Figure 3 shows naming accuracy for trained relative to untrained words for a subset of SemD (n=3) 
and AD patients (n=4) who have completed at least two years of this naming treatment at UF.   
     We isolated the AD and SemD learning curves and observed very large treatment effects for trained items 
from the communication board relative to untrained items from the Boston Naming Test collapsed across time 
points [AD: d=3.4, SemD: d=6.8]. The between-subjects contrasts of trained items pre- to post- yielded a 
smaller advantage for SemD relative to AD [dpost=1.73]. However, it is important to note that simple between-
subjects contrasts may obscure important group differences. Despite higher overall accuracy, SemD patients 
show great rigidity and poor functional carryover relative to AD patients, often failing to generalize from a 
picture of a spouse to the actual spouse sitting physically present. We did not initially anticipate this difference, 
but based on the these findings, we have modified the treatment protocol accordingly (see SA1) by  
 supplementing repeated naming with training on semantic deep structures of the target items.  
      In parallel with our investigations of learning, we have examined new ways of delineating the semantic 
impairments incurred in AD and SemD. We recently reported the single largest direct comparison of naming in 
AD (n=36) and SemD (n=21) to date.13 Patients were matched in global dementia severity but differed 
substantially in terms of naming accuracy, error types, and cognitive predictors of naming ability. SemD 
patients were less accurate in picture naming than their AD counterparts (62% vs. 76%, p=.04). In addition, AD 
patients committed more errors suggestive of residual knowledge (“you cut with it” for knife) relative to SemD. 
Finally, a different set of cognitive performance measures predicted naming accuracy for AD relative to SemD. 
AD patients’ naming was predictable from a linear combination of semantic, working memory, and executive 
functioning measures, whereas SemD naming was predicted only by performance on a standard measure of 
semantic association ability (Pyramids and Palm Trees). These data suggest the presence of unique semantic 
impairments underlying anomia in SemD and AD.  

We will further parse these respective components in SA2 using eyetracking during picture naming. In SA2 
we will evaluate foci of visual attention as patients view known versus unknown target pictures. Our pilot 
studies using eyetracking have revealed differences in SemD and AD relative to both controls and each other. 
Figure 4 represents the approach we have undertaken in developing visual “heatmaps” that depict dwell time 
to specific semantic features. We used eyetracking data from controls to determine relevant features (i.e. the 
features participants fixated on) and optimal search paths (i.e. the order in which these objects were fixated) 
for a set of standard pictures. We have run a small number of patients (n=7) and controls (n=9) on this task. 
The results appear robust and encouraging. From very early during visual search, AD and SemD patients 
diverge from each other. AD patients show a high degree of imprecision in their scan paths, often revisiting and 
backtracking to the same features repeatedly. In contrast, patients with SemD often fixate on irrelevant 
features (e.g., tails) relative to controls. Controls tend to fixate on facial features for living objects and on 
working parts of tools. In contrast, SemD patients tend to look at salient semantic features far less than their 
AD counterparts [SemD mean=0.09; AD mean=0.23, p<.01], instead focusing on visually interesting but non-
informative components of images. In contrast, AD patients search in the vicinity of critical semantic features 
but tend to jump repeatedly between such features with short fixation periods and many saccades. This pattern 
is quantifiable when one contrasts gaze time to salient features divided by the total gaze time per image. AD 
showed reduced gaze time to relevant features relative to SemD (mean AD=0.76, mean SemD=2.27, p<.05). 
Appendix B represents a poster we recently presented at the 8th Annual International Frontotemporal Dementia 
Conference using this approach.128 
     The heatmap approach illustrated above (Figure 4) will yield insight into “where" people look, and these 
analyses will accordingly speak to the integrity of semantic content (i.e., attending to diagnostic features). This 
approach is limited, however, with respect to informing real-time processes (i.e., "when", 'how") underlying 
anomia. For this we instead turn to several eyetracking variables classically associated with search 
organization (number of fixations, average duration of fixation, and number of backtracks to previously fixated 
areas).129 We recently acquired preliminary data from four patients with semantic dementia (mean age=66.8) 
and contrasted patterns of visual search for anomic (forgotten) relative to named (known) items (N=180) from 
SA2. We predicted that patients with SemD would show longer average fixation duration for anomic relative to 
named pictures and that  patients would not backtrack or regress more often to previously viewed regions of 



         
pictures (as observed in AD). These patterns would occur in SemD as patients progressively fail to extract 
meaning from the stimuli despite a well-organized search path. The top two panels of Figure 5 illustrate the 
observed trends for one patient who named “umbrella” successfully and another who failed to name the same 
item. For the larger set of picture stimuli attempted (N=548), patients showed longer fixation durations for 
anomic than named items [t(546)=4.5, p<.001] (Figure 5, bottom panel). SemD patients showed no significant 
differences in backtracking rates for anomic relative to named items [MWU, p=.52, retain null]. During the 
project period, we will apply these identical measures to the treatment stimuli at multiple timepoints, adding AD 
and healthy controls.   
 
GENERAL METHODOLOGY SA1 will evaluate an 
intervention for maintaining language in AD and 
SemD. SA2 will delineate physiological and cognitive 
predictors of language retention. Examining brain-
behavior correlations for both SA1 (learning) and 
SA2 (naming) using the same set of structural MRI 
images, patients, and cognitive battery will provide 
unique insight into the relationship between these 
variables in two dementia populations which can 
inform the development of targeted treatment 
approaches to optimize language retention. The 
treatment component (SA1) will take two years per 
patient; SA2 is nested within this 2-year treatment 
block (see Figure 6). 
 Participants:   Although SA1 and SA2 are unique, 
both involve testing the same set of participants. We 
derived sample size by conducting independent 
power analyses for each aim and then selecting the 
most conservative individual estimate maintaining 
β>.80. From these base estimates we also added an additional 25% to account for anticipated attrition. Based 
on these calculations we will target enrollment of 25 per group. Patients will be diagnosed by a behavioral 
neurologist and diagnoses will be confirmed via consensus review in accord with published criteria.8,10,18,130 We 
will also evaluate healthy age-matched controls (n=25) for SA2. Participants in the control group will satisfy 
patient inclusion criteria with the exception of normal global cognition and naming by Montreal Cognitive 
Assessment (MoCA)131 and Boston Naming Test (BNT).132  
Patient Inclusion Criteria: Native English-speaker; Mild to moderate global cognitive impairment as 
demonstrated by a baseline score >15 (of 30) on the MoCA; Preserved single word repetition as demonstrated 
by >90% accuracy for the repetition subtest of the Western Aphasia Battery133; Baseline naming z>-2 on the 
BNT. Exclusion Criteria: Sedating and/or anti-psychotic medications; Co-morbid neurological conditions (e.g., 
stroke); Contraindications for MRI (e.g., claustrophobia, cardiac pacer); Covariates: Sex, education, and age. 
We will age-match the AD and SemD samples as closely as possible; however, rigid age matching introduces 
a potential confound of stilting disease severity.85,134-137 Permitted is the use of common pharmacological 
interventions for cognition in dementia (e.g., cholinesterase inhibitors); we will assess medication and dosage 
as covariates.  
Cognitive Battery: Upon enrollment we will acquire cognitive and linguistic baseline measures and re-
administer the battery every 6 months. Measures 
include: Hand Dominance: Edinburgh Handedness 
Inventory138; Global Cognition: Montreal Cognitive 
Assessment (MoCA)131; Working Memory (verbal 
and spatial): Wechsler Memory Scale-Fourth 
Edition (WMS-VI)139, Executive Processing: Trails 
A & B; Color-Letter Stroop Test; Letter Fluency 
(FAS/60 seconds each); Semantic memory: 
Pyramids and Palm Trees Test (Noun/association 
test)140; Kissing and Dancing (Verb/action test)141; 
Semantic category fluency (animals, tools, famous 

Figure 5. Eyetracking scan paths in SemD 

        

 
Note: Circles represent periods of fixation/dwell time. Numbers reflect the 
sequential order of fixations during a 1000ms scan path. Lines represent 
saccades. 

Figure 6. Timeline for execution of study aims 

 

named anomic 



         

SA1: To evaluate the potential for language maintenance across time as patients with AD 
and SemD undergo a lexical-semantic treatment that targets preservation of a highly 
constrained functional vocabulary consisting of approximately 100 words.  

SA1a. To examine neurobehavioral predictors of treatment effectiveness. 

people); Naming: Boston Naming Test132; Visuoperceptual/spatial Functioning: Benton Judgment of Line 
Orientation (JOLO) and Benton Face Recognition Test142; Functional communication ability: Communicative 
Effectiveness Index (CETI).143 
Neuroimaging: We will correlate longitudinal alterations in brain morphology with language retention across 
time by scanning patients at enrollment and again upon the study’s termination. We will create comparison 
maps of neurodegeneration in AD and SemD by normalizing brains to a standard space and quantifying 
regional atrophy. We will then correlate these atrophy maps with the behavioral data gleaned from both 
treatment and cognitive battery. This will afford prediction regarding how damage to specific brain regions will 
compromise learning ability, functional communication, and a range of other cognitive functions. We will scan 
patients using a 3 Tesla whole body MR scanner (Phillips, Inc.) housed at the McKnight Brain Institute of the 
University of Florida. We will acquire T1 and T2-weighted structural images for each participant. Tissue class 
segmentation will be performed using standard routines available in the SPM8 software package. For spatial 
normalization, we will use ANTS144, a high-dimensional diffeomorphic registration algorithm which is capable of 
dealing with the increased variability found in atrophied brains and can be optimized for longitudinal studies. 
We will spatially normalize the images to a custom template that equally reflects healthy adults and both 
participant groups in order to avoid biasing our results. We will assess regional gray matter volume using 
voxel-based morphometry and deformation fields, which provide voxelwise indices of decline.145 

Consider a brief thought exercise: You are limited to a lexicon of 100 words, and you can select any 
combination of 100 words you want. Which 100 words will you choose? One might optimize communication by 
selecting words that are highly combinatorial and capable of expressing the most salient ideas about relevant 
items, actions and people found in one’s environment. Our proposed approach to stimuli selection and 
treatment considers this scenario for the patients in the study. Communication within a finite lexicon can be 
optimized by strategic item selection. Each residual word in a patient’s limited repertoire should 
convey as much information as possible. SA1 represents a concrete means of realizing this goal.  
Structure/Overview: We will administer a language intervention focusing on multi-modal semantic treatment 
of a set of 100-105 words over a two-year period. The design reflects a mixed longitudinal model with patient 
group (AD and SemD) as the between-subjects factor. The within-subjects factors include repeated measures 
of naming ability, other language functioning, imaging, and cognitive performance (see battery below). 
Description of Control Measures: Although a randomized controlled trial (RCT) represents the gold standard 
for experimental design, RCT is not yet feasible in the context of the study we have proposed. First, a control 
group composed of healthy age-matched adults would perform at ceiling, thus, precluding parametric contrasts 
of the data. Second, no proven ‘equivalent’ treatments currently exist for promoting longitudinal language 
maintenance in dementia. Third, alternate quasi-experimental designs (e.g., waitlist controls, crossover 
treatments) incur serious ethical considerations. Therefore, we chose a quasi-experimental design where two 
patient groups (AD and SemD) serve as their own controls by providing many repeated measures across time. 
We have also employed extensive item level controls (i.e., trained and untrained items and tasks) to assess 
language change across time. With respect to neurological change, we must issue a caveat. We do not predict 
that the treatment will moderate structural brain changes. The proposed neuroimaging analyses will be used to 
identify predictors of a positive treatment response and elucidate neural correlates of emergent anomia. We 
will not attempt make the reverse inference (i.e., treatment predicts anatomical change).  
Stimulus Selection: We will craft a personalized micro-lexicon for each patient. Stimuli consist of 
Subjects/Agents (n=15), Activities/Verbs (n=15), and Objects/Themes (n=75). Agent Selection: The patient and 
primary caregiver will together select 15 people and pets with the constraint that targets must be frequently 
encountered and of primary importance for the patient’s daily communication. A set of 20 famous faces will act 
as item-level controls. Object Selection: We have created fixed lists of high familiarity/high functionality stimuli 
representing the following five semantic categories: 1) Clothes; 2) Hygiene; 3) Household items; 4) Food/drink; 
5) Places. Each of these categories has 30 possible exemplars. We will randomly assign 15 target words from 
each major category. We have developed balanced, gender-specific stimulus lists (see Appendix B) to avoid 
contingencies such as “bra” being assigned to a man. Items unfamiliar or not applicable to a patient (e.g., a 



         
person attends a synagogue instead of a church) can be swapped with a more appropriate item within the 
same subcategory. Unassigned items from these fixed lists will serve as control stimuli. Activities/Verbs 
selection: We have created a list of verbs (N=30) spanning common (e.g., eating, washing) and more specific 
(e.g., gardening) categories. We will randomly assign a subset of 15 verbs from this fixed list (though 
participants can replace items not applicable to them). The verbs, which also double as gerunds denoting 
activities (e.g., running), are intended to be thematically related to many of the agents the participant chooses, 
as well as the target objects and locations (e.g., washing combines with hair, shampoo, bathroom, shower; 
eating combines with food items, people the participants eat with, places such as kitchen/restaurant, etc.).  
Stimulus Balancing and Item Assignment: Our ability to measure change across time for trained relative to 
untrained words is contingent upon their equivalence at baseline. In language research, inference relies on 
tight control of many psycholinguistic variables (e.g., word length, concreteness, age of acquisition), often at 
the expense of ecological validity.146  It is impossible to control all psycholinguistic variables within the 
naturalistic treatment we propose. For example, matching by word length is compromised because one 
patient’s wife might have a long, low frequency name (e.g., Esmerelda), whereas another has a short, common 
name (e.g., Jane).  We focused on two key variables in matching the stimuli, subjective lexical frequency (i.e., 
how often you hear or read these words?) and subjective conceptual familiarity (i.e., how familiar are you with 
this concept?). We then conducted a normative study. Healthy older adults (N=15), comparable in age to our 
patient sample mean (mean age=67 years) rated all possible target stimuli on frequency & familiarity via a 1-7 
point Likert Scale online survey [for scale and item attributes see Appendices C and D]. Based on these 
ratings, we then derived an average frequency and conceptual familiarity for each item.  
     Upon a patient’s enrollment in the study, we will randomly assign him/her an item set for two years of 
training.  This set is composed of 15 items (of 30) from each semantic category that will serve as training 
stimuli; the remainder will serve as control items. One pitfall of random assignment is the possibility of an 
idiosyncratic item set emerging by simple random chance. We empirically evaluated this likelihood by 
iteratively sampling the item pool 1,000 times using a bootstrapping procedure. This method of repeated 
random sampling generated probability distributions and sample means of lexical frequency (mean=4.84, 
sd=1.08 [on a 1-7 scale]) and conceptual familiarity (mean=4.86, sd=1.10).  Upon initial assignment of an item 
pool for a patient, we will reshuffle the set in the event that: 1) The item pool differs by two standard deviations 
from the means (frequency & familiarity) of the bootstrap analysis; or 2) The training pool and the control pool 
differ from each other by greater than one standard deviation by rated frequency or familiarity. 
Picture Stimuli:  We will visit each patient’s home and take pictures of the unique items (e.g., clothes, people, 
household items) that will compose the trained item set. Caregivers will supply any remaining pictures. We will 
crop/size each image to 500 x 500 pixels isolating the target concept. We will create a communication board 
for each patient, arraying pictures by category corresponding to the canonical Subject-Verb-Object structure of 
English.  Agents will be positioned on the left side of the board with the patient and primary significant other 
positioned prominently at the top.  Verbs/activities will be positioned at the center, and objects/places will be 
positioned to the right side clustered by category (e.g., all hygiene implements together). 
Video Stimuli: Patients will view short, personalized videos depicting structured messages from the target 
people. Each target person will begin his/her message by greeting the patient and declaring his/her name 
followed by stating his/her relation and relaying two personally salient facts. For example, one potential 
message might consist of “Hi Joe …This is Mary. I’m your wife of 30 years. We met in Philadelphia. You 
always loved my lasagna”. Analogous semantic training videos exist for all of the activities/verbs and objects 
listed in Appendix B. The object training videos consist of a combination of narrative voiceover and depiction of 
the target item in action during the following fixed sequence of features: identity; category; function; associative 
fact; contextual; form; affective; identity. For example, ‘hammer’ proceeds as follows:  “This is a hammer… A 
hammer is a tool… A hammer is used for hitting nails… A hammer and saw often appear in the same place… 
A hammer is often found on a workbench… A hammer has a handle and metal head… A hammer can hurt 
your finger…. This is a hammer. “ The trained object is trained within a schema representing the action (hitting) 
and associated thematic roles, including the object of action (nail), location (workbench), and the hammer itself 
is the instrument. In addition, semantic features of the hammer itself (superordinate category, physical 
characteristics) are trained. Such combinations reinforce familiar event schemas that are developed through 
personal experience.147-149 Explicit activation of components of event schemas in Verb Network Strengthening 
Treatment (VNeST) has improved lexical retrieval in an approach we developed for persons with aphasia.150-152  
Training Procedure:  We will assess baseline naming for all of the items in Appendix B. Then, 100 items 
across categories (hygiene, etc.) will be chosen for the trained items set. From these 100 items, those named 



         
successfully will be assigned to a maintenance condition that is characterized by repeated naming. Anomic 
(unnamed or named incorrectly) items will be assigned to a training condition that is characterized by training 
on semantic deep structure. These treatment conditions are not sequential. We expect that as disease severity 
worsens and some items are forgotten, many will move between the maintenance and acquisition lists. Finally, 
all items will be trained on the semantic deep structures of all target words during refresher training. The three 
primary components of this treatment approach are as follows: 
Maintenance:  Patients will receive maintenance therapy three times a week, spaced at least one day apart. 
Maintenance treatment sessions will be limited to 20 minutes. Trained caregivers will administer maintenance 
therapy, and we will monitor compliance through data logs and home visits. For the treatment, a primary 
caregiver or clinician (if a caregiver is not available or not able to do the treatment) will present each target item 
on the patient’s picture board, announce its name, and cue the patient to repeat the name. If the patient makes 
an error, the caregiver/clinician will provide the correct name. After completing one round of naming via this 
reduced error approach, the patient will then name all items unaided (i.e., no cueing). Any item unsuccessfully 
named in two successive sessions will be cycled to the training condition. Training: Target  
words that are unnamed or named incorrectly during baseline testing or the maintenance condition will be 
assigned to the training condition. A clinical technician will administer this training condition focusing on 
semantic deep structure of anomic items twice a 
month (see Figure 7). For each item, participants 
first view the video depicting each item. After the 
presentation of each video (e.g., shoes), the patient 
will view a picture of their own object (e.g., their 
own shoes) and be cued to repeat the name of the 
specified target item (e.g., “say the word, shoes”). 
Then a clear laminated sheet will be laid over the 
picture with labels for the six semantic features surrounding the picture. Participants will then be asked to 
generate the semantic features of that item using the feature matrix (see Appendix C). As the participant 
produces the features, the clinician will write them on the feature matrix. The clinician will correct incorrect 
features as needed to reduce the chance of encoding incorrect semantic information. After generating the 
features, the patient will be cued again to name the item. If the item is named successfully, it will be presented 
successively after delays of two and four intervening items (i.e., doubling the spacing interval).153 Successful 
naming on three repeated trials will shift the item back to the maintenance condition. Persistent anomia or an 
inability to independently generate at least 5 of 6 correct features will recycle the target item back to the 
training condition for further semantic training. Refresher: Patients will complete refresher training for all target 
items once every six weeks. This training will consist of viewing each target video immediately followed by self-
generation of semantic features and naming (as described in the training treatment). Failure to name or 
generate at least 5 constituent semantic features will move an item back to training.  
Probes and Measurement:  We will measure patient performance on the maintenance condition via data logs 
provided to caregivers. Caregivers will log item accuracy for each session, yielding three observations per 
week. We will assess naming accuracy and errors via offline analyses of recorded data during clinician visits 
during training (twice monthly). We will also probe the following at three-month intervals: 1) Accuracy for a 
standard measure of naming ability (Boston Naming Test); 2) accuracy for untrained items (pictures not 
assigned from the original fixed lists at baseline); and 3) accuracy for canonical pictures (e.g., a generic 
toothbrush) relative to trained pictures (e.g., the patient’s own toothbrush). 
     We predict that patients will show a slower trajectory of decline for trained words (i.e., their own items) 
relative to untrained words. This design poses a unique statistical challenge in that the optimal outcome is not 
improvement from baseline but a more shallow trajectory of loss.  
Dependent Measures: We will assess aspects of language preservation in a number of ways. As a primary 
measure, we will derive a treatment effect size (dtrained) for each participant gauging their own performance on 
trained items relative to baseline every six months. We will quantify these treatment effects using Cohen’s d 
[MEANpost – MEANpre/SDpooled]. Thus, at the study’s close each participant will have provided four sequential 
treatment effect size measures (i.e., dtrained@6mos… dtrained@24mos) quantifying their own change in naming ability 
relative to the baseline. We will derive treatment effect sizes (dtrained) for the following control language 
measures at each six-month time point: 1) dBNT : naming accuracy for items from the Boston Naming Test; 2) 
duntrained : naming pictures unselected from the original stimulus lists at baseline; 3) dcanonical: naming 
canonical/generic pictures of the identical target items. Neuropsychological Correlations:  We will convert all 

Figure 7. Treatment sequence 

 
This therapy schedule repeats over two years. 



         

SA2: To test the role of visual attention mechanisms in differentiating named (known) 
relative to anomic (forgotten) words in AD and SemD as disease severity worsens 

neuropsychological measures (see cognitive battery) to z-scores at four successive time points (six-month 
intervals). We will compute Spearman correlations examining relationships between treatment effect size and 
cognitive predictors and will contrast matrices at baseline to those at the conclusion of the study; Neuroimaging 
correlations: We will perform correlations of treatment effect size pre- post- on two complementary measures 
of gray matter integrity: 1) gray matter volume and 2) change in brain shape (i.e. the Jacobian image reflecting 
the deformation between pre- and post- scanning). We will perform focused region-of-interest analyses on 
anatomical regions commonly affected in these patient groups (e.g., hippocampus, temporal poles, dlPFC) 
supplemented by whole-brain analyses. 
 
DESIGN: SA1 entails a longitudinal intervention study that will enroll 25 AD and 25 SemD patients. 
Participants will be administered control naming tests and a training naming test at baseline, and then again at 
6, 12, 18, 24 months contemporary with the intervention.  
Treatment Fidelity Plan: The clinicians will be provided with treatment manuals and a comprehensive training 
program with the aim of standardizing service delivery. Then the well-trained clinicians will train the caregivers. 
Monitoring of treatment fidelity (e.g., consistency and stability of treatment delivery), which is crucial for 
validity,154  will be conducted according to our treatment fidelity plan. See Appendix F. 
Statistical Power: We powered the study as follows. For each patient, we construct a difference of relative 
differences score to assess the difference in decline between the training outcome (i.e., patient’s own target 
items) and the control test outcome (Boston Naming Test) from baseline to 24 months. Specifically, let YTti and 
YCti, t=0,6,12,18,24 denote the outcomes of the training test and the control test for patient i at the five 
measurement times. The score for patient i can then be written as Si= (YT0i – YT24i)/YT0i – (YC0i – YC24i)/YC0i, 
which will be a negative score if the relative decline is less for the training test than it is for the control test. 
Preliminary data on this score for the AD group had a mean of -0.44 with a standard deviation of 0.11, and the 
SemD group had a mean of -0.72 with a standard deviation of 0.09. With 25 patients in the AD group, we have 
over 90% power for a two-sided level 0.05 test to detect a mean score of -0.075; with 25 patients in the SemD 
group, we have over 90% power for a similar test to detect a mean score of -0.061. We consider a score of -
0.20 to be clinically significant; for example, we might observe a decline in the training outcome of 15% and a 
decline in the control outcome of 35%. 
Analysis Plan: We will model the trajectories of YTti and YCti over time using a linear or logistic mixed model 
with a random intercept and conditional on baseline outcomes and AD versus SemD group. We will assume 
that missing data due to dropout or sporadic visits are missing at random. We will use our model to predict the 
score Si for each individual in order to conduct our primary analysis specified in the power section. We will also 
explore differences in the average AD or SemD trajectories over time across training and control conditions.  
Predicted Outcomes and Benchmarks: We predict that semantic impairment will moderate treatment 
effectiveness above other cognitive domains and that these gains will be moderated by the integrity of lateral 
temporal cortex. We predict that AD and SemD patients will both show learning effects but that AD will show 
superior benefits. Benchmarks are integrated into the treatment (see data analyses).  
Potential Problems and Alternative Strategies: The most significant challenge we anticipate involves patient 
recruitment and attrition. In our pilot treatment we have maintained a relatively low rate of attrition (15–20% 
annually) by providing patients and families with many supportive resources (including an FTD and progressive 
aphasia support group at UF).  We will oversample to conservatively allow for 25% attrition and continue to 
provide essential psychosocial support to maintain low attrition. We will implement a formal recruiting plan 
drawing from three primary sources: 1) UF Memory Disorders Clinic; 2) Alzheimer’s Association; and 3) 
Association for Frontotemporal Degeneration (AFTD). We have established ties with the two latter 
organizations since the initial submission. The AFTD recently listed our treatment on their clinical trials website 
and have promoted our study through their national support group network. The Alzheimer’s Association has 
also agreed to promote our treatment through their international Trial Match system. Both organizations have 
attested to their commitment by providing letters of support. We have additionally allotted effort for our 
coordinator to recruit from local neurologists within a 200-mile radius of Gainesville.   
     While patient recruitment and retention represent the most substantive challenges, we do anticipate other 
issues such as treatment fidelity and MR scanning/processing artifacts.  We have added an MR physicist (Dr. 
Song Lai) to assist in quality control for neuroimaging. We also implemented a treatment fidelity plan.94,155  



         
     Decades of research has demonstrated the presence of a robust correlation between naming and the 
integrity of semantic memory in AD and SemD.156,157 That is, patients tend to know less about the words they 
cannot name by producing disproportionately impoverished concept definitions and receptive deficits (e.g., 
word-picture matching).21,116,119  In previous work we investigated the etiology of anomia in AD and SemD 
through analyses of semantic naming errors.13,81 These contrasts yielded interesting but somewhat oblique 
evidence for underlying semantic impairments in these populations.  

In SA2 we propose a key advance, using eyetracking to evaluate two orthogonal aspects of visual object 
naming: 1) Organization of visual search and 2) Attention to diagnostic visual features. Our analysis 
investigates these dimensions through eyetracking (described below) focusing on both (a) within-subject 
differences between named and anomic items, and (b) between-subject differences which can be attributed to 
diagnosis, neuropsychological scores, and/or specific patterns of gray matter atrophy. These between-subject 
analyses play a key role in explaining individual differences in treatment effectiveness for SA1. 
      In SA1, we have proposed a picture-based naming treatment paired with a multi-modal training on the 
semantic deep structure of the target words. SA2 will focus on whether attention to diagnostic features can 
discriminate successful naming from anomia in AD and SemD. If so, this provides a possible avenue for future 
treatments (for example, explicitly training patients as to which features they should look at). 
 We expect that the patients in our study will show gradations of impairment based on individual 
differences in cerebral atrophy. The eyetracking data we collect will enable us to make fine-grained distinctions 
among patients based on their behavior—in other words, within one group (e.g., AD patients) we can 
distinguish better from worse performers. This sensitivity is afforded by the use of continuous measures of 
visual performance we will collect. Based on our preliminary data, we hypothesize that patients who show 
disorganized visual search (primarily AD) will show stronger learning potential than those who fail at attend to 
salient features (primarily SemD). We will assess such patterns of search relative to controls. We will also 
examine change across time (within subjects) as particular items move from known to forgotten. 

 
Experiment 1: Eyetracking Visual Confrontation Naming 
Participants: We will test the identical sample of patients and controls described in SA1. 
Equipment: We will examine the time course of visual attention as participants name pictures. We will also 
correlate physiological data from eyetracking and structural neuroimaging with behavioral response data. 
Eyetracker Station: 250Hz table mounted infrared eyetracking unit (RED/SMI Inc.) with a large (56-inch) high 
definition plasma screen. Patients will be seated in a hydraulic chair  behind a hinged platform upon which the 
infrared monitor is secured (see Appendix E). We will present stimuli and record all physiological and 
behavioral responses using Experiment Center stimulus delivery software (SensoriMotoric Systems, Inc.). We 
will also record each session with a Sony High Definition video recorder.  
Participants/Methods/Procedures: We will examine eye movements as patients name pictures at three 
successive timepoints during the 2 year treatment period (baseline, 12 months, and 24 months). Participants 
will remove anti-glare, shaded glasses or hard contact lenses (standard lenses are permitted) and will be 
seated at a fixed distance of 120 cm from the monitor. Each experimental run will start with an automated 5-
point visual calibration. Participants will then view a white screen with a small attention fixation cross and the 
words “Look Here” positioned at the top of the screen. We have enabled the fixation cross as a response 
trigger: After 2000 ms of gaze time on the fixation cross, the trial will advance automatically, ensuring a ballistic 
eye movement from this fixed point.158 Participants will then view and name pictures presented in random 
order. The eyetracker will record eye movement data via corneal reflection at a continuous sampling rate of 
250Hz. In addition to recording of the raw time series of eye data, we will record trials for offline transcription 
and scoring.   
      Naming trials will be scored correct/incorrect using a consensus system (which will also be used in scoring 
items from treatment probes). Three raters blind to patient diagnosis will score each participant’s final response 
from the video room.  We will not count omissions, neologisms, semantic errors, and phonemic distortions that 
share less than 75% overlap with the target word as correct. In the infrequent event that the raters cannot 
reach consensus on a specific item (e.g., microphone recording error, cough, etc.), that item will be treated as 
a missing data point. Stimuli include the following conditions: a) Trained therapy items from SA1 (N=105); b) 
Untrained (control) items from SA1 (N=90); c) Standardized line drawings from the BNT (N=60); d) Untrained 
famous faces (N=20) (e.g., Barack Obama, Brad Pitt) which will serve as item level controls for the trained 
proper nouns in SA1.  



         
Dependent Variables: We will examine a range of variables linked to lexical-semantic processing during 
naming. These include the following: a) Average Fixations per Second: Visual search is composed of 
periods of foveal attention (fixation) interspersed with rapid scanning movements (saccades). People tend to 
fixate on highly semantically salient aspects of scenes, and healthy adults rapidly fixate on just a few salient 
features before initiating naming.159 The presence of many short fixations suggests a shallow and disorganized 
processing strategy; b) Average Fixation Duration: Longer fixation times and fewer fixations suggest deeper 
semantic processing and/or struggle in integrating features; c) Backtracking Rate: One of the hallmarks of an 
efficient search is parsimony (i.e., sampling components only once). We will count backtracks per second to 
previously visited fixation points as a means of quantifying search efficiency;129,159 d) Dwell Time at 
Diagnostic Features: We will demarcate areas of interest (AOIs) for each BNT item by tracing the boundaries 
of the heatmaps generated by the control group (e.g., controls tend to dwell on the tail and tooth of the beaver). 
By assessing the proportion of dwell time spent in these AOIs, we can evaluate whether patients attend to the 
same key features as controls.  
Data Analyses/Planned Contrasts: We will eliminate ambiguous responses and low pass filter the 
eyetracking data to remove trials corresponding to blinks or other artifacts.129  We will isolate the first 1000ms 
of eyetracking data for each naming trial and contrast patterns of looking (see Dependent Variables) for 
correctly named vs. anomic items. For each dependent eyetracking variable, we will employ a similar model. 
The statistical model has one between-subjects factor (AD vs. SemD) and several nested repeated measures, 
including Naming Accuracy (named vs. anomic items) and Timepoint (baseline, 12months, 24months). This 
parametric statistical model (general linear model) will allow us to examine interactions and main effects for 
each of the variables of interest.  Neuroimaging and cognitive correlations: We will correlate regional gray 
matter atrophy and cognitive performance with each of the aforementioned eyetracking measures using the 
voxel-based morphometry technique described in SA1. Based in part on our pilot data, we predict that 
extensive damage to the lateral temporal cortex incurred in SemD will correlate with failure to attend to 
semantic features, whereas AD will correlate with measures of poor search organization (e.g., backtracking, 
fixation duration).  
 
Potential Problems and Alternative Strategies:  Our preliminary studies have yielded practical applications 
for minimizing data loss (eyetracking and imaging). The two most prevalent problems involve motion artifact 
and patient exhaustion. Through our pilot studies we have discovered effective ways of dealing with both 
variables. We will limit eyetracking sessions to 20 minutes. We will also build into the paradigm numerous 
opportunities for a fast 5-point recalibration of the eyetracker should patients move unexpectedly.  
 
SA2 DESIGN: SA2 is a longitudinal observational study with the same 50 patients as in SA1, and an additional 
25 control patients. Data from the control patients will be used to note regions of interest to which the outcome 
measure will correspond. All patients will be measured at three timepoints.  
SA2 POWER ANALYSES: We powered the study using the AOI Count Ratio and the Dwell Time Ratio. For 
each patient, let Si be the mean of the three outcomes over time. We conservatively approximate the standard 
deviation of Si for each part of ASA2 with the standard deviation of one measure. The mean (s.d.) of one AOI 
dwell time ratio in the AD group was 0.19 (0.09), and in the SD group was 0.004 (0.007); we have 100% power 
for a two-sided level 0.05 test to detect this difference. The mean (s.d.) of one AOI count ratio in the AD group 
was 2.08 (2.63), and in the SD group was 0.08 (0.17); we have 100% power to detect this difference. 
SA2 DATA ANALYSIS PLAN: Let Yti be the outcome at time t for patient i. We will model the trajectories of Yti 
over time using a linear mixed model with a random intercept and conditional on baseline outcomes and AD 
versus SemD group. We will assume that missing data due to dropout or sporadic visits are missing at random. 
We will use our model to predict the score Si for each individual in order to conduct our primary analysis 
specified in the power section.  
 
Future Directions and Concluding Remarks      
We are enthusiastic about the prospect of undertaking this project and extend our thanks to the reviewers and 
program staff. In addition to immediate products, we envision the following extensions of this work beyond the 
project period: 1) Phase I/II clinical trial pairing the proposed behavioral intervention with drug therapies; 2) 
Automation, standardization, and streamlining of the therapy for home use. 
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