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1. Start of Project 
 

George Mason University (GMU) received a Notice of Award from the Air Force Office of 
Scientific Research (AFOSR) on July 12, 2010. The award specified a period of performance of 
five years. 

The Center of Excellence in Neuroergonomics, Technology, and Cognition (CENTEC) was 
officially launched at GMU on July 15, 2010. CENTEC is funded by the AFOSR and by the Air 
Force Research Laboratory (AFRL). Program Managers are Dr. Willard Larkin AFOSR) and Dr. 
Morley Stone (AFRL). Dr. Jay Myung took over as the AFOSR Program Manager in July 2011. 

CENTEC was chartered as an official Center at GMU on September 20, 2010. The web site 
for the Center is centec.gmu.edu. 

This progress report describes research, training, and collaborative activities during the 
period from the start of the project, July 15, 2010 through July 14, 2011. Financial reports have 
been sent separately. 
 
2. Research 

 
There are 10 Project Areas of research within CENTEC, each with a GMU Project Leader. 

Each Project Area is also linked to associated project scientists at AFRL. The Project Areas and 
GMU Project Leaders are: 

 
1. Molecular Genetic and Neuroimaging Studies of Complex Cognition (Parasuraman). 
2. Trust in Automation and Cyberspace (Parasuraman and Krueger). 
3. Computational Analysis of Neural Mechanisms of Learning and Memory (Ascoli). 
4. Emerging Cognitive Neuroimaging Technologies (Thompson). 
5. Interruptions and Multi-Tasking (Boehm-Davis). 
6. Auditory Cognition and Spatial Navigation (Baldwin). 
7. Eye Movements, Attention, and Situation Awareness (Peterson).  
8. Neuroadaptive Systems for Enhanced Training (Baldwin). 
9. Neuroadaptive Automation Based on Transcranial Doppler Sonography (Shaw).  
10. Training the Brain (Greenwood and Parasuraman). 
 
Research activities within and across each of these 10 Project Areas progressed at an 

accelerated pace during the first year. The first 9 areas were identified during the proposal 
development phase, but Project 10, on training, was developed at the start of the award period 
following discussions with AFRL personnel engaged in related activities. After an initial period 
in which new studies were planned, data collection has progressed well on several experiments 
within and across all 10 areas. The publications and presentations of CENTEC faculty and 
students that have resulted to date are listed at the end of this progress report in section 5. 
Training of graduate students and postdoctoral fellows associated with each project area is 
described in section 3. In addition, Project Leaders in each area have met with AFRL personnel 
in discussions to identify mutual areas of interest and to plan for collaborative research. Such 
collaboration plans include all 10 Project Areas (see section 4). 

Brief descriptions of the progress made in each of the project areas are given below. Note 
that considerable cross-fertilization has also taken place between these areas, so that some 
studies span more than one project area. 
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2.1 Molecular Genetic and Neuroimaging Studies of Complex Cognition (Parasuraman) 
 

The studies carried out in Project Area 1 have focused on the role of neurotransmitter genes 
in individual differences in performance of complex cognitive tasks. During Year 1, data 
collection was completed on a study examining the effects of two variants (single nucleotide 
polymorphisms, SNPs) in the dopamine beta hydroxylase (DBH) gene on decision-making 
efficiency in a simulated command and control task. To examine the impact of inter-individual 
variation in decision bias, participants performed the task with and without an imperfect 
automated aid. These DBH SNPs have been shown to be functional in influencing enzyme levels 
that control the relative availability of synaptic dopamine and norepinephrine. Following a 
haplotype analysis of the distribution of the two SNPs in a sample of 225 healthy adults, 
moderate to strong associations between the T allele of the -1021 C/T SNP and decision times 
were found (Parasuraman, 2010; Parasuraman & Jiang, 2011). While overall decision accuracy 
was unrelated to either SNP, associations were also found for the degree to which participants 
exhibited “automation bias,” i.e. following automated directives when they were incorrect for a 
particular event sequence. These DBH gene variants have previously been shown to be 
associated with inter-individual variability in working memory capacity (Parasuraman et al., 
2005). The results are consistent with a role for dopaminergic and noradrenergic genes in 
neuromodulation of prefrontal cortical activation important for working memory and decision-
making.  

In Year 2 of this project a follow-up study will be conducted examining the interaction 
between the DBH gene and other dopaminergic genes such as COMT in the modulation of 
decision-making performance. The results of a separate NIH-sponsored project (Raja 
Parasuraman, PI) will also be leveraged in the design of the follow-up study. This study involves 
a whole genome wide analysis (GWAS) on these same cognitive phenotypes. 

Given the link between working memory capacity and decision making under time 
pressure, we conducted a second study focusing on the neural mechanisms underlying the 
attentional modulation of working memory. This study, lead by postdoctoral researcher Maren 
Strenziok, has to date tested 15 healthy adults using fMRI and diffusion tensor imaging (DTI) in 
an attentionally cued working memory task. Data collection for 25 participants is expected to be 
complete by the end of the summer. This study will also make use of advanced fMRI and DTI 
analysis techniques that are being developed in Project Area 4 (see section 2.4).  

In Year 2, depending on the results, participants with DBH haplotypes associated with low 
and high working memory capacity will be selected for testing on the same working memory 
paradigm, with the expectation the genetic associations found previously for a cognitive 
phenotype will also be observed for fMRI and DTI “endophenotypes.” 

 
2.2 Trust in Automation and Cyberspace (Krueger and Parasuraman) 
 

Three studies have been carried out in Project Area 2 in Year 1. The studies have focused 
on the cognitive neuroscience of trust and social belief and on the similarities and differences in 
the neural mechanisms of human-human and human-automation trust. Trust in another human or 
computer agent can be described as the belief that others tell the truth. The goal of the first study 
was to investigate the neurobehavioral effects of the hormone oxytocin (OXT) on truth telling 
and trust behavior. The study combined nasal administration of OXT with economic game 
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paradigms that provide a sensitive method for observing human social behavior in the laboratory. 
The central hypothesis was that OXT will increase telling the truth and trust behavior during 
social exchange with another human. A total of 60 male college-age males randomly recruited 
from GMU via a web-based recruitment system were tested in a randomized, double blind, 
placebo-controlled design (OXT experimental group n=30; placebo control group n=30). In 
addition to psychological control measures, two economic game paradigms were used: a 
communication game measuring telling the truth and trust behavior (experimental condition) and 
a lottery game measuring risk behavior (control condition), which served as a control game 
ensuring that both telling the truth and trusting behavior can be distinguished from a general 
increase in the readiness to bear risks. Data analysis on this study is ongoing. 

Trust may be mediated by social beliefs, which can be thought of as the building blocks of 
people’s thoughts and behaviors. One such social belief is free will belief (FWB). The second 
study in Project 2 investigated the neural and psychological structure of FWB using 
multidimensional scaling (MDS) and functional MRI. A total of 36 participants (18 females, 18 
males) were asked to rate pairs of statements about FWB in terms of similarity. In addition, each 
statement was then rated on a number of variables of interest (e.g., intentionality, emotional 
intensity, etc.). A MDS analysis of the similarity ratings was used to determine the number of 
dimensions that best describes the underlying psychological structure of FWB, and ratings of the 
variables of interest were used to identify and interpret the dimensions. The MDS normative 
study was followed by an event-related parametric fMRI study designed to identify the neural 
correlates of these psychological dimensions. Twenty-six young adults (13 males, 13 females) 
participated in this phase and were scanned while rating their degree of agreement with 
statements about FWB. Parametric analyses of the fMRI data are being conducted to identify 
brain regions whose activation co-varies with the values on each dimension established in the 
MDS normative study. The main prediction is that the various dimensions of FWB resulting 
from the MDS portion of the study will influence the activation found during judgment of 
agreement. It was hypothesized that the mPFC represents goal and outcome knowledge, which 
interacts with posterior cerebral cortex and limbic structures via structural and temporal binding. 
Specifically, it was predicted that (1) the intentionality dimension of FWB will preferentially 
recruit goal knowledge represented in the dmPFC and (2) that the social-affect dimension of 
superstitious beliefs will preferentially recruit outcome knowledge represented in the vmPFC. 
Analyses to test these hypotheses are ongoing. 

The third study in Project 2, which forms part of the Ph.D. dissertation proposal of HFAC 
graduate student Ewart de Visser, focuses on the calibration of trust in cognitive agents. The core 
question addressed in this study is whether and how human-human trust (HHT) differs from 
human-automation trust (HAT). The few previous examinations of this issue have considered the 
human and the machine as two separate and discrete entities, rather than the machine and the 
human as two opposite ends along the same spectrum. Using a cognitive-agent spectrum as a 
guiding framework to describe the range of interaction of different types of machines, this study 
examined the view that the more a machine is made to be like a human, the more closely it will 
resemble human interaction and therefore human-human trust relationships. The second part of 
the dissertation proposal focuses on established temporal trust dynamics. Some differences 
between HHT and HAT can be explained by the fact that differential expectations arise from 
initial perceptions and prior belief. Second, differences in trust development can arise due to the 
limited nature of interaction between a machine and a human. Finally, after trust breaks down, it 
may be repaired at different rates for machines and humans. In the experiments that are part of 
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this dissertation proposal, the cognitive-agent spectrum can be used to investigate these temporal 
trust dynamics as well as their effect on trust calibration. A pilot study (n=45) aimed at 
developing “stories” that establish the “humanness” or “machineness” of cognitive agents has 
been completed and the first study of the dissertation proposal is expected to be completed by the 
end of summer 2011.  
 
2.3 Computational Analysis of Neural Mechanisms of Learning and Memory (Ascoli) 

 
The studies carried out in Project Area 3 focused on two distinct approaches to 

computational modeling and analysis of neural networks associated with learning and memory: 
(1) A systematic classification of the neuron types of the rodent hippocampus and their potential 
network connectivity; and (2) an empirical study of human autobiographical memory. 

(1) Characterizing neuronal circuitry at all levels of the nervous system is fundamental to 
explaining its function. Focusing on the rodent hippocampus at the level of cell classes, this 
study is engaged in creating the “Hippocampome,” a knowledge base to list and define all 
hippocampal neuron types. In this framework, a neuronal class is characterized by the presence 
or absence of their axons and dendrites in each of the layers and areas of the hippocampal 
complex (including dentate gyrus, CA3, CA2, CA1, subiculum, and entorhinal cortex). Starting 
from neurite locations as a defining feature of neuronal classes serves as the cornerstone for 
annotating additional information, such as physiological and molecular properties. To date, ~100 
neuron types from 26 cytoarchitectonic subregions have been catalogued. Each neuronal class is 
assigned a human- and machine-readable unique identifier to unambiguously link it to the 
relevant literature beyond the often-contrasting adopted nomenclatures.  

The effort of manually analyzing large amounts of empirical evidence from peer-reviewed 
publications is highly labor-intensive, requiring trained humans to interpret the complex graphic 
and descriptive characterizations of axonal and dendritic patterns. To achieve this goal, a 
FAcility for MIning LIterature (FAMILI) has been organized, staffed by ~15 research assistants. 
Difficulties in interpretations arise from the variety of experimental approaches, features, and 
terms employed to identify neuron types and hippocampal locations. Therefore, a set of explicit 
criteria has been established to reproducibly extract data from figures, summary schematics, and 
commonly used phrases. For example, “deep layers” of the entorhinal cortex is interpreted to 
mean layers V and VI. In an effort to further standardize the data mining process, a detailed 
protocol relating to all stages of information search, knowledge annotation, and quality control 
has also been implemented.  

Potential connectivity between classes (i.e., an edge in the network) is inferred from the 
spatial co-occurrence of the axons of one class and the dendrites of a second in at least one of the 
sub-regions/layers. More than 2,000 edges link the current cell classes. The connectivity of the 
resulting hippocampal structural network can be quantitatively characterized, studied, and 
compared via graph theory techniques. This form of analysis can lend insight into the 
organization and functionality of the neuronal circuit, while shedding light on its fundamental 
roles in memory and spatial navigation. Ongoing analysis is uncovering a set of topological and 
geometric properties that are also typical of transport systems, intracellular signaling pathways, 
and other small-world networks. For instance, the hippocampus has one or two cell class “hubs” 
per sub-region that possess high centrality and, consequently, might represent, at the overall class 
level, elements of increased vulnerability for network communication. In addition, a high 
clustering coefficient is observed, which points to locally specialized information processing and 
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a level of redundancy. At the same time, a short average path length between distant nodes 
suggests globally distributed information processing and a high level of efficiency. This 
prevalence of shortcuts, confirmed by motif analysis and comparison to an equivalent population 
of random networks, may be important in creating self-sustaining loops of activity that could 
play a role in the recording and storage of memories. 

(2) Autobiographical memories (AMs) are recollections of past experiences specified in 
time. Prospective memories (PMs) are recollections of intentions to act in the future. While these 
memories of past events and future intentions both influence decision-making and are 
fundamental in shaping our subjective lives, their recall has not yet been fully characterized in 
terms of spontaneous occurrence and recalled content. Adapting to new purposes a widely used 
sampling procedure, this study involved the random and repeated paging of participants 
throughout their waking day. At the time each page was received, participants documented the 
concurrence of either an AM or PM with the page, and estimated the duration of the recollection. 
The data were used to calculate the probability and duration of recall, and the number of AMs 
and PMs experienced in one hour (MpH). An independent participant sample estimated these 
same dimensions of AM and PM recall by completing an open-answer questionnaire. In a 
separate experiment, the AM word-cue technique was modified by stochastically sampling a 
more naturalistic word list to elicit AMs the technique’s dating protocol was revamped such that 
participants estimated the age of each elicited AM by placing it into one of ten temporal-bins, 
each bin corresponding to one-tenth of the participant’s life. Moreover, the technique was 
expanded by introducing a subsequent section that collected the number of identifiable details 
recalled within eight features, i.e. the number of People, Places, Things, Times, Contexts, 
Feelings, Episodes, and other Details. The data revealed the distribution of AM recall across the 
lifespan, the types and amount of detail that comprise a recollected experience, and how this 
measure of content changes with the age of the AM. This “CRAM” (Cue-Recalled 
Autobiographical Memory) test has also been adapted for the web (http://cramtest.info). 

Frequency measures from the first experiment have been analyzed from 116 participants, 
each receiving an average of 295 pages; AM content measures from experiment 2 have been 
analyzed from 194 participants, totaling 1,424 AMs. Probability, duration, and MpH were 
consistently equivalent for AM and PM. The mean probability to spontaneously recall either an 
AM or PM was 0.22 (SD=0.09), the mean memory duration averaged 30.8 seconds (SD=16.1), 
and MpH were calculated to be 30.5 (SD=16.6); an unexpectedly high hourly rate when 
compared to independent estimations. AM and PM recall was positively correlated across 
probability, duration, and MpH (r=0.597; r=0.881; and r=0.574, respectively). Total AM content, 
defined as the summed number of details recalled across all eight features measured 20.1 
(SD=9.8). While the probability of recall was drastically reduced with the age of the memory, the 
decay in total content was comparatively small. These data represent both the first quantitative 
characterization of spontaneous AM and PM recall, and a novel and extensive quantitative 
analysis of AM content across the lifespan. Furthermore, incorporating the above measures 
allows for unique estimations of typical AM recall, e.g. at a given moment, the probability of 
recalling a Feeling from an event that had occurred in the last tenth of the lifespan.  

 
2.4 Emerging Cognitive Neuroimaging Techniques (Thompson) 
 

Project 4 studies carried out in Year 1 have focused on improving neuroimaging methods 
for examining the neural basis of complex cognition. During this period, a study was completed 
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using multivoxel pattern analysis (MVPA) of functional fMRI data to examine the contribution 
of different visual cues to the processing of biological motion. Standard voxel-wise or region of 
interest analysis of fMRI data can fail to detect differences in overlapping neural populations, 
due to spatial resolution issues. In contrast, if there is a non-random distribution of these 
populations, MVPA techniques can take advantage of spatial patterns of activity across voxels in 
order to discriminate between the activities of these two populations. A novel multiple 
regression-based MVPA was developed to show that the response to biological motion in 
extrastriate visual cortex reflected the activity two independent neural populations, one selective 
for form and the other selective for motion, rather than the integration of these two cues. By 
varying the retinal location of stimuli, the contribution of each cue to biological motion could be 
independently manipulated and measured using the MVPA technique. By contrast, a region in 
superior temporal cortex, which is specialized for processing biological motion, was not well 
characterized by the linear regression model used. A manuscript from this project is currently 
under review at NeuroImage. In Year 2 this method will be extended to incorporate nonlinear 
methods to further investigate the role of different visual cues in the processing of biological 
motion, and will seek to extend this method to other multisensory paradigms. 

An important component of Year 2 will also be the further development of methods for the 
integration of fMRI and EEG. Dr. John Fedota has been hired as a postdoctoral fellow to design 
and conduct studies of executive function using fMRI and EEG. New methods will be used for 
the distributed source modeling of EEG, using information for fMRI to constrain the sources, in 
the analysis of these data. In addition, methods for diffusion tensor imaging (DTI) were 
implemented, in collaboration with postdoctoral fellows Dr. Maren Strenziok and Dr. Ming-kuan 
Lin. A study of the relationship between the integrity of white matter connections between 
frontoparietal cortex and working memory-related fMRI activity is currently underway. The 
results may also contribute to Project area 8 on neuroadaptive systems and learning. During Year 
2, new diffusion methods for measuring white matter tracts will also be implemented. 
 
2.5 Interruptions and Multi-tasking (Boehm-Davis) 

 
Few of us have the luxury of working without interruptions of one sort or another. In most 

workplaces, jobs arrive independent of jobs already in the queue, workers need to consult with 
each other to pursue parallel work streams, and jobs are suspended when parts or information 
needed are not readily available. In short, interruption is the norm in almost all work 
environments. Although interruptions have been the focus of much research, the findings have 
been incongruent.  A majority of research has found interruptions to be disruptive to 
performance on a task, leading to an increased time on task and errors.  However, other studies 
have pointed to interruptions as facilitating performance.  Clearly, there are relationships that 
still need to be explored as well as mediating factors that may be determining these disparate 
outcomes. 

Project area 5 work in Year 1 focused on the development of a model that allowed the 
capturing of known relationships between characteristics of interruptions and performance 
outcomes. The model was then expanded to account for characteristics that have not yet been 
explored in the literature. A paper describing this model is in preparation and will be submitted 
to a journal in the coming year. 

Also during this reporting period, investigations were continued into the factors that play a 
role in successful resumption of a task. Specifically, the studies focused on whether resumption 
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is guided primarily by the retrieval of goals from memory or by cues present in the environment. 
During the spring semester, data were collected which are currently being analyzed. Descriptions 
of this experiment, and previous studies that this one was based on, will be submitted for 
publication in the coming year. A paper describing earlier work on interruptions was published 
this past year. 

In the area of multitasking, the year was spent developing a research agenda, which is now 
in place. A copy of the simulated flight task known as AF_MATB was acquired. This requires 
participants to engage in multiple tasks involving sub-tasks aimed as ensuring that the aircraft is 
operating correctly over time. An eye tracker from AFRL was also borrowed to allow collection 
of eye gaze data. Multitasking performance and eye gaze patterns will be examined to provide 
some insight into the relationship between different tracking strategies and task performance.  

In the coming year, data will be collected to examine the relative usefulness of 2-D versus 
3-D cueing of locations to help guide participants to gauges that are need to be attended. This 
work will be done in conjunction with personnel at AFRL. 

 
2.6 Auditory Cognition and Spatial Navigation (Baldwin) 
 

Several studies have been carried out in Project Area 6, focusing on the effectiveness of 
auditory and other modality cues for spatial navigation. The first study, which is being conducted 
at AFRL in collaboration with Dr. Vic Finomore, involves a comparison of tactile, auditory, and 
visual cues for spatial location.  The study was jointly designed by Dr. Baldwin of GMU and Dr. 
Finomore of AFRL and is currently being conducted by HFAC graduate student Andre Garcia, 
who is spending the summer at AFRL 

A second set of two experiments were completed at GMU involving examination of ERP 
responses to spatial and semantically directional auditory cues that were either congruent or 
incongruent.  The first experiment included approximately 30 participants and demonstrated late 
ERP component differences between congruent and incongruent stimuli.  The second experiment 
was on ERP measures of conflict in a spatial auditory Stroop task. The N450 and Sustained 
Potential (SP) ERP components have been found to index conflict associated with visual Stroop 
tasks. This experiment evaluated whether these findings extend to the auditory modality. 
Participants were required to respond to either the semantic meaning or the spatial location of 
directional words, played from either congruent or incongruent spatial locations. In the Semantic 
task participants responded to the semantic meaning of the word (i.e., “Left” or “Right”) and 
attempted to ignore task-irrelevant spatial information. In the Location task participants 
responded to the spatial location of the stimuli, while attempting to ignore task-irrelevant 
semantic information. Behavioral results (response time and accuracy) indicated a robust Stroop 
effect, with semantic information interfering with the processing of spatial information during 
the Location task. In contrast to previous work on the visual Stroop task, preliminary analysis did 
not reveal congruency-dependent modulation of the N450 and SP for the task that elicited 
significant behavioral conflict (the Location task). The SP indexed conflict only during the less 
difficult Semantic task, suggesting that this component may not be a general index of conflict. 
Interestingly, an exploratory analysis suggested congruency-dependent modulation of the P3a 
component—an electrophysiological correlate of the orienting response—during the Semantic 
task. The observed increase in P3a amplitude during incongruent trials of the Semantic task 
might reflect the increase in executive control required to mitigate conflict from task-irrelevant 
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spatial information. Further research on the relation between response time and P3a amplitude 
during incongruent trials is currently being undertaken in order to substantiate such a claim.  

A final study in Project Area 6 involved way finding in a driving simulator using visual, 
auditory, or haptic cues.  In support of this study, a vibrotactile seat and a peripheral detection 
task were installed and integrated with the GMU motion-based driving simulator. In addition, 
ECG and EEG data collection capabilities were also implemented.  Data have been collected 
from approximately 60 people to date and analysis is currently on going.      

 
2.7 Eye Movements, Attention, and Situation Awareness (Peterson) 
 

Project Area 7 involved studies performed examining the use of eye movements as a proxy 
measure for situation awareness (SA). This research focuses on two aspects.  The first is to 
correlate eye movement patterns with explicit measures of SA.  Rather than using involved 
questions, such as those in the SAGAT technique, a two-alternative forced-choice task (2afc, 
Beck et al., 2006) task is used.  This allows a higher sampling rate, and hence finer granularity in 
the explicit measure, than SAGAT.  The basic idea behind these experiments is that there are 
individual differences in SA, and that this should correlate across subjects.  That is, changes in 
accuracy for the explicit 2afc task should correlate with the pattern of eye movements in the non-
interrupted task (e.g. refixation rate, saccade distance) across subjects.   

The second part of this research examined how task requirements affect SA.  For example, 
in a task that requires finding a singular instance of a particular target, there is little incentive for 
remembering the identities of rejected items.  To examine this, the encoding requirements of the 
task will be manipulated.  For instance, a task that requires subjects to count the number of 
armored vehicles gives little incentive to remember the identities of examined items.  In contrast, 
a task that requires subjects to count the number of pairs requires subjects to keep track of 
multiple items. It is anticipated that individual differences will have a much larger effect in the 
latter, which should have the effect of driving stronger correlations between the eye movement 
and explicit measures of SA. 

In addition to the research discussed above, experiments in collaboration with researchers 
at AFRL are also being planned.  The studies will use task environments that are more detailed 
and more complicated than the ones discussed above. 
 
2.8 Neuroadaptive Systems for Enhanced Training (Baldwin) 
 

Project Area 8 focuses on the use of neural measures to develop more effective adaptive 
learning systems. In support of this goal, Year 1 work has concentrated on developing improved 
neurophysiological (EEG) operator state classifiers that could drive such neuroadaptive systems.  
A neural network classifier was developed that is capable of driving a complex visual-spatial 
working memory (N-back) task in real time.  A follow-up study then examined to what degree 
classifiers are robust across tasks. An experiment was conducted that showed that it is possible to 
build more robust cross-task classification using EEG measures. A second experiment using an 
improved battery of cognitive tasks is currently underway to validate the cross-task classifier. 

In addition, collaborative work was also conducted at AFRL on the Team Vigilance Project 
with AFRL scientists Dr.Ben Knott, Dr. Greg Funke, and Dr. Joel Warm and GMU personnel 
Dr. Baldwin and Andre Garcia. The second experiment in this series was jointly designed by the 
team and data collection is currently ongoing. 
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2.9 Neuroadaptive Automation Based on Transcranial Doppler Sonography (Shaw) 

 
The focus of Project Area 9 is on measuring attentional resources using cerebral blood flow 

velocity (CBFV) during sustained attention and supervisory control tasks, for use in 
neuroadaptive systems. During this reporting period, an ongoing study was conducted examining 
the feasibility of measuring workload transitions using TCD during long-duration performance 
of a supervisory control task. A previous study (Shaw et al. 2010) showed that as task load was 
unexpectedly varied by increasing the number of enemy threats to be destroyed, the CBFV 
measure paralleled increasing performance demands of the task.  However, the results of that 
study showed that while CBFV did increase with task demand, CBFV remained high even when 
task demand was lowered following the initial increase. These findings point to a possible 
“hysteresis” effect in operator workload.  The study that is currently underway will examine the 
feasibility of using longer duration tasks with more transitions, and more time in between 
transitions, to further test the sensitivity of the CBFV measure in monitoring cognitive load.  

In addition to the ongoing study previously mentioned, planned projects for year 2 include, 
but are not limited to: (1) An examination of the way in which observers regulate effort during a 
vigilance task as a function of changes in extrinsic motivation. Motivation will be manipulated 
using differing reinforcement schedules; (2) an examination of situation awareness (SA) and 
cognitive workload (CW) in a high fidelity simulation of an urban terrain environment using 
3600 visual displays with neuroergonomic measures. Eye tracking will be used to assess SA and 
Transcranial Doppler will be used to assess CW. 

 
2.10 Training the Brain (Greenwood and Parasuraman) 

 
The main goal of studies in this Project area is to examine the effects on brain structure and 

function of new approaches to training perception and cognition. This project area was defined at 
the start of Year 1 when it became clear that there was substantial interest in the topic among 
AFRL scientists and that related research was being carried out at AFRL. Three studies were 
carried out in this Project area in Year 1. 

The first study, which is ongoing, examined the effects of transcranial Direct Current 
Stimulation  (tDCS) on learning a difficult perceptual task. tDCS is related to the better-studied 
Transcranial Magnetic Stimulation (TMS) technique, but tDCS uses low-voltage (9V) direct 
current applied to the scalp rather than the high-intensity magnetic pulses of TMS. In this study 
participants were trained to perform a difficult threat detection task (based on DARPA’s 
DARWARS program) in discovery learning paradigm. Participants received either 2 mA DC 
stimulation over right dorsolateral prefrontal cortex (active condition) or 0.1 mA (control) while 
performing the task with and without feedback. In addition to testing for accelerated learning 
effects, both short-term and long-term retention was also assessed by testing participants without 
stimulation 10 min and 24 hours after training. To date 16 out of a planned sample of 40 
participants have been tested. The study examines the hypothesis that right prefrontal stimulation 
will accelerate learning to detect threats, and that this benefit will be retained both in the short 
term and, in reduced form, in the long term. 

The second study examined the effectiveness of videogame training on cognitive 
performance (attention, working memory) and everyday problem solving. To evaluate whether 
training affected the brain, MRI diffusion tensor imaging (DTI) measures of white matter 
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integrity were also obtained, based on the fractional anisotropy (FA) measure. There is evidence 
that training on tasks such as working memory can enhance performance and improve axonal 
communication efficiency. However, an outstanding issue is whether such training transfers to 
other tasks and to measures of everyday cognitive performance. Previous results suggest that 
training tasks that engage task switching or dual task components of cognition may lead to better 
transfer. Accordingly, this study examined the effects of two videogames that are highly 
dependent on such cognitive functions, Rise of Nations and Space Fortress, as well as a task 
battery that has been studied in the language training literature, Posit. Each participant was 
trained for 6 one-hour sessions per week for 6 weeks. DTI scans were obtained before training, 
after 6 weeks, and (to be completed in Year 2) after 1 year. Performance on a range of cognitive 
tests was also assessed. To date about 20 out of a planned sample of 40 participants have 
completed the protocol. Preliminary analyses suggest that 6-week training in the Rise of Nations 
and Space Fortress games, but not in Posit, resulted in significant gains in cognitive 
performance, including a test of everyday problem solving. DTI analyses are ongoing. 

The third study examined another method of training for dual-task performance, variable-
priority (or emphasis change) training. Previous studies have shown that changing the priority of 
allocating attention (or emphasis) on one of a pair of dual tasks can accelerate learning compared 
to fixed-priority or part-task training. However, much of this evidence has been obtained in 
complex dynamic tasks (such as Space Fortress), in which it is difficult to tease apart the specific 
cognitive components that are affected by training. Accordingly, this study used two discrete 
tasks, a digit working memory task, and a visuospatial attention task. This study is currently in 
the pilot-testing phase, with the full study to be completed in Year 2. 

In Year 2, a new study is also planned that will assess the effects of tDCS on cognitive 
training-induced changes in white-matter integrity in the context of real-world functioning.  
There is animal evidence that neuronal activity along an axon modulates the amount of 
myelination over days to weeks, leading to the hypothesis that neuronal activity induced by 
tDCS will stimulate myelination in axons of the neurons in the path of the DC current. By using 
different types of training and measuring the effect of that training on white-matter integrity with 
fractional anisotropy in DTI, this study will investigate more precisely the brain changes related 
to cognitive and motor training. Participants will be first pretested cognitively and scanned for 
DTI. Then they will be randomly assigned to either standard or "emphasis change" training 
instructions in Space Fortress.  Next they will be supervised for 2 hours of training a day for 5 
consecutive days.  Post-training scan and cognitive testing will follow. Motor training (the 
aiming task of Space Fortress) is predicted to lead to increased myelination of the midbody of the 
corpus callosum where axons from motor and premotor cortices interconnect. Working memory-
demanding aspects of the task like spaceship protection would lead to increased myelination of 
the genu of the corpus callosum where axons from prefrontal cortices are found.  A relation is 
also predicted between the extent of increased FA in regions of the corpus callosum and task 
performance improvement related to tDCS.  

 
3. Training 

 
Several students and research assistants have been recruited and hired to receive training in 

neuroergonomics methods and to participate in one of the 10 CENTEC research projects. The 
personnel hired to date and their faculty advisors are listed below: 
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3.1 Graduate Students in the Human Factors and Applied Cognition Program 
 
Name    Faculty Advisor 
Brian Falcone   Raja Parasuraman 
Andre Garcia   Carryl Baldwin 
David Kidd   Carryl Baldwin 
Ryan McKendrick  Raja Parasuraman 
William Miller   Deborah Boehm-Davis 
Nicole Werner   Deborah Boehm-Davis 
         (Beginning Fall 2011) 
Bello Penaranda   Carryl Baldwin 
Raul Ramirez   Tyler Shaw 
 
Brian Falcone was recruited into the Ph.D. Human Factors and Applied Cognition HFAC) 

Program as an “Air Force Scholar.” He is working under the supervision of Dr. Raja 
Parasuraman on the effects of transcranial direct current stimulation (tDCS) on cognitive 
functioning. Andre Garcia, a 3rd year student in the HFAC Program, spent the summer of 2010 
working at AFRL on a project on EEG and team vigilance. He has since continued research 
under the supervision of Dr. Carryl Baldwin on topics related to EEG, driving, and simulator 
sickness. David Kidd worked on driver alarm research with Dr. Carryl Baldwin. He graduated 
from the HFAC Program with the Ph.D. degree in May 2011. Ryan McKendrick was recruited 
into the Ph.D. Human Factors and Applied Cognition HFAC) Program as an “Air Force 
Scholar.” He is working with Dr. Raja Parasuraman on studies examining the effectiveness of 
“emphasis change” as a training method for enhancing skill acquisition in dual tasks involving 
attention and working memory sub-tasks. William (Bill) Miller and Nicole Werner are first and 
third year graduate students in the HFAC Program. They are working under the supervision of 
Dr. Deborah Boehm-Davis. Bill Miller’s focus is on multitasking while Nicole Werner’s is on 
interruptions. Finally, two “Air Force Scholars” have been recruited into the Ph.D. HFAC 
program for the Fall 2011 semester, Bello Penaranda, who will work under the supervision of Dr. 
Carryl Baldwin, and Raul Ramirez, who will work under the supervision of Dr. Tyler Shaw. 

 
3.2 Graduate Students in the Neuroscience Program 

 
Name          Faculty Advisor 
Ashley Safford   Jim Thompson 
 
Ashley Safford is a third year student in the Neuroscience Ph.D. program. She is working 

with Dr. Jim Thompson on fMRI studies of attention and biological motion. 
 

3.3 Graduate Students in the Bioinformatics Program 
 

Name          Faculty Advisor 
Robert Murphy   Karl Fryxell/Raja Parasuraman 
Christopher Rees   Giorgio Ascoli 
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Graduate student Robert Murphy was recruited into the Ph.D. program in Bioinformatics. 
He is working under the supervision of Dr. Karl Fryxell. Christopher Rees was recruited as an 
“Air Force Scholar” to work under the supervision of Dr. Giorgio Ascoli. He is working on the 
Hippocampome project, which uses advanced computing methods to characterize neuronal 
connectivity in the hippocampus. 

 
3.4 Graduate Students in the Biopsychology Program 
 

Name          Faculty Advisor 
Robert Gardner   Giorgio Ascoli 
 
Robert Gardner is third year graduate student in the Ph.D. Biopsychology Program. He was 

supported part time to work with Dr. Giorgio Ascoli on studies of human autobiographical 
memory. 
 
3.5 Postdoctoral Fellows and Research Assistants 
 

Name          Faculty Advisor 
Ryan McGarry   Pamela Greenwood 
Lara Moody   Frank Krueger/Raja Parasuraman 
Mike Trumbo   Vince Clark/Raja Parasuraman 
John Fedota   Raja Parasuraman/Jim Thompson (Beginning July 2011) 
 
Ryan McGarry is working as a Research Assistant under the supervision of Dr. Pamela 

Greenwood on studies examining the effects of different cognitive training methods (including 
video game training) on performance and brain connectivity (using diffusion tensor imaging).  
He has been accepted into the HFAC Ph.D. Program and will be starting as a graduate student in 
that program in Fall 2011. Lara Moody is working jointly with Dr. Frank Krueger and Dr. Raja 
Parasuraman on behavioral and fMRI studies of trust in human and machine agents. Mike 
Trumbo is working under the supervision of Dr. Vince Clark at the University of New Mexico 
on the effects of transcranial Direct Current Stimulation (tDCS) on perceptual learning, in 
collaborative studies with Dr. Raja Parasuraman. Finally, Dr. John Fedota has been hired in July 
2011 as a postdoctoral fellow and will work under the supervision of Dr. Raja Parasuraman and 
Dr. Jim Thompson on studies in Project Areas 2 (complex cognition) and 4 (cognitive 
neuroimaging technologies). 
 
4. Collaborative Activities 

 
One of the goals of CENTEC is to foster research collaborations and scientific exchanges 

between GMU and AFRL. The following collaborative activities have taken place to date. 
 

4. 1. Technical Exchanges at Conferences 
 

4.1.1. The 1st International Conference on Neuroergonomics. This conference was held in 
Miami, FL, July 17-20, 2010, as part of the Applied Human Factors and Ergonomics 
Conference, and was attended by both AFRL and CENTEC members. There were six two-hour 
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sessions on various topics in neuroergonomics research and practice, all of which were very well 
attended (standing room only).  Ten faculty and students from GMU, all members of CENTEC, 
contributed to several of the sessions, as did several scientists from the Human Effectiveness 
Directorate (HED) of the 711 Human Performance Wing (HPW) of AFRL.   

The following technical exchanges and collaborative activities took place: 
(a) Prior to the start of the main conference, CENTEC Director Raja Parasuraman and 

AFRL-HPW member Glenn Wilson jointly directed a half-day tutorial on Neuroergonomics 
Theory and Methods: Neural, Computational, and Genetic, that attracted 16 fee-paying 
attendees.  There was considerable interest generated among attendees regarding 
neuroergonomics techniques and their continuing development and application in CENTEC. 

 (b) CENTEC Director Raja Parasuraman and his group had productive interactions with 
AFRL-HPW Senior Scientist Joel Warm and his associates concerning new findings on cerebral 
blood flow and oxygenation in relation to vigilance performance. Drs. Warm and Parasuraman 
had one joint presentation and proceedings paper at the conference. 

(c) CENTEC Project Leader Carryl Baldwin and her students discussed similarities and 
common findings from her work on EEG-based neuroadaptive systems for enhanced learning 
with AFRL scientist James Christensen and his group’s research on real-time adaptive 
automation. Both technical areas depend on the use of artificial neural network methods for 
classification of operator states, as a result of which there was a productive exchange of 
information on these methods between the GMU and AFRL groups. 

(d) CENTEC Director Raja Parasuraman and his group discussed brain stimulation 
techniques for enhancing cognition with Andy McKinley and his group at AFRL who are using 
transcranial Direct Current Stimulation (tDCS) and transcranial magnetic stimulation (TMS). 
CENTEC possesses a MagStim TMS system and has acquired a tDCS system and begun a 
program of research on comparing the efficacy of brain stimulation to cognitive training 
techniques in enhancing skill acquisition .Dr. Raja Parasuraman is also collaborating with Dr. 
Vince Clark of the University of New Mexico on tDCS studies.   

4.1.2. Human Factors and Ergonomics Conference. This conference was held in San 
Francisco, September 27 to October 1, 2010. In attendance were many CENTEC members and 
also several AFRL members, including CENTEC Director Raja Parasuraman and AFRL Senior 
Scientist Joel Warm. The technical exchanges that took place at the 1st International Conference 
on Neuroergonomics were continued. In particular, the plans for the special issue of NeuroImage 
on neuroergonomics (see section 5.3) were further discussed and finalized. 

4.1.3. Society for Neuroscience. This large international conference, which took place in 
San Diego November 13-17, 2010, was attended by a few CENTEC members (Krueger, 
Parasuraman, Thompson, plus accompanying graduate students). While there were no CENTEC-
AFRL meetings that took place, CENTEC Director Raja Parasuraman took the opportunity to 
meet with several prominent neuroscientists who attended the meeting to inform them of the 
establishment of CENTEC and of the Air Force’s interest in this area as another example of 
translational neuroscience. He also met with some of the authors invited to submit a paper to the 
special issue of NeuroImage on neuroergonomics (see section 5.3). In addition, CENTEC 
member Giorgio Ascoli gave a demonstration at the conference that was illustrative of the use of 
advanced computational techniques that are also being examined in CENTEC projects.  His 
presentation was entitled “Neurons on the Net,” describing work on the “Hippocampone” 
project—a database of potential connectivity among neuronal classes in the rodent 
hippocampus—at the International Neuroinformatics Coordinating Facility booth. 
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4.1.4. International Symposium on Aviation Psychology (ISAP).  This meeting, held May 2-
5, 2011 in Dayton, was attended by several CENTEC researchers and students and AFRL 
scientists. CENTEC Project Leader Carryl Baldwin and AFRL Senior Scientist Joel Warm along 
with several AFRL scientists and CENTEC scholar Andre Garcia submitted collaborative work 
to this meeting and also engaged in further discussions on CENTEC-AFRL collaborations. 

With Dr. Gregory Funke, Dr. Ben Knott, Dr. Victor Finomore, and Dr. Joel Warm, 
meetings were held to discuss new developments pertaining to the Team Vigilance project in 
which data collection was completed summer 2010. Meetings focused on deciding publication 
outlets, division of labor, and editing process as well as strategies on how to approach and 
conduct the proper data analysis technique(s). Parts of this project were presented at this same 
conference where the meeting took place and other parts will be presented at the 2011 Human 
Factors and Ergonomics Society Annual Meeting. Several conclusions were decided during this 
meeting. First, there will be an additional follow up study to be conducted by the Collaborative 
Interfaces Division of the Air Force Research Lab’s Human Performance wing (Dr. Greg Funke, 
Dr. Ben Knott, Dr. Joel Warm). Additionally, further statistical analysis is to be conducted by 
Andre Garcia and Brian Taylor under the supervision of Dr. Carryl Baldwin at GMU. This 
further analysis is intended to look at the performance of “virtual teams” compared to co-located 
operators. Last, it was also decided that the goal is to publish two separate journal articles with 
the preferred outlet being the journal Human Factors.  

Dr. Baldwin also had a meeting with Dr. Victor Finomore, Dr. Jill Ritter, and Dr. 
Christopher Brill (Old Dominion University), to discuss collaborative research on the capabilities 
and potential of a haptic belt intended to aid the warfighter through the “BATMAN” project at 
AFRL. This vibrotactile belt will be the centerpiece of a collaborative project to be conducted in 
the summer of 2011. The project will assess navigation performance utilizing multimodal 
(haptic, auditory, and visual) navigation aids. This project will be conducted by Andre Garcia 
under the supervision of Dr. Carryl Baldwin and Dr. Victor Finomore as part of the 711th Human 
Performance Wing’s Repperger summer research scholarship. 

 
4.2 Scientific Meetings at AFRL  
 

During the period July 27-28, 2010, a group of 10 faculty and graduate students from 
CENTEC, including CENTEC Director Raja Parasuraman and project scientists Dr. Carryl 
Baldwin and Dr. Kenneth De Jong, visited the 711 HPW in Dayton, OH. The following activities 
took place. 

  
July 27, 2010. 

(a) Drs. Paul Havig, Kristen Liggett and Eric Geiselman, and John McIntire presented 
their research on “Information Visualization and Interaction Techniques.” 

(b) Dr. James Christensen presented research on adaptive interfaces involving real time 
assessment of operator cognitive state using EEG. 

(c) Drs. Ben Knott and Scott Galster discussed their team-based research “Cognitive 
Technologies for Teams”, which incorporated design tools used to enhance team 
performance. GMU Ph.D. student and CENTEC member, Andre Garcia, also gave a 
presentation about his summer AFRL internship research working in this group, on 
“Team Vigilance”.   
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(d) Drs. Nandini Iyer and Brian Simpson gave a demonstration of their spatial audio 
research, which incorporated 3-D technology (i.e. a large sphere for presentation of 
audio signals at 3-D locations). They illustrated the effectiveness of spatial 3-D audio 
cues in speeding response time during search for visual targets. 

(e) Drs. Dianne Popik and Victor Finomore discussed their research on a Multi-Modal 
Communications System that uses speech recognition software to convert audio to 
text for a more naturalistic communication interface. 

(f) Dr. John Schlager presented research on Nano-Toxicology and Molecular-Based 
Performance, involving the study of cellular pathways involved in cognitive 
functioning.  

(g) Dr. Andy McKinley closed the day with a presentation on his research on “Non-
invasive Brain Stimulation to Accelerate Learning and Enhance Cognition”, which 
uses Transcranial Magnetic Stimuation (TMS) and, Transcranial Direct Current 
Stimulation (tDCS) as techniques to enhance cognitive functioning. 

 
July 28, 2010. 
CENTEC members gave presentations to a large group of AFRL scientists. The meeting 

was very well attended; in fact because of lack of space in the main conference hall, an overflow 
space with closed-circuit TV had to be provided for attendees who were unable to find a seat in 
the main room.  

Dr. Morley Stone initiated the meeting by describing his efforts at AFRL at setting up a 
Center of Excellence in the field of Neuroergonomics. He expressed thanks to AFOSR and to Dr. 
Jun Zhang, Program Manager.  

Dr. Raja Parasuraman then gave an overview of CENTEC and its major goals. He briefly 
described the nine major CENTEC project areas, the project leaders and associated investigators, 
and examples of the research issues involved in each project. He also emphasized that CENTEC 
was not just a research project but also involved training of graduate students and postdoctoral 
fellows in neuroergonomics techniques, as well as collaborations between AFRL and GMU 
personnel. 

Three research presentations followed this overview talk. First, Dr. Parasuraman gave a 
talk on “Cognitive Superstars: Neural and Genetic Studies.” This presentation focused on the use 
of molecular genetic studies of cognitive functioning, with a focus on individuals with 
exceptional ability. This work falls within Project Area 1 in CENTEC, Molecular Genetic and 
Neuroimaging Studies of Complex Cognition. 

Dr. Carryl Baldwin then talked on “Neuroadaptive Systems for Enhanced Learning.” She 
described her research on using real-time assessment of operator cognitive state using EEG and 
artificial neural networks. She then described this neuroadaptive system could be used to change 
the pace and presentation format during learning of a UAV task involving identification of 
specific targets. This research falls within Project Area 8 in CENTEC, Neuroadaptive Systems 
for Enhanced Training. 

Finally, Dr. Kenneth De Jong gave a presentation on “Evolutionary Computation and Trust 
in Cyberspace.” He described his research on the use of evolutionary computation in addressing 
complex problems in computer and network security, and how this is related to the issue of trust 
in automated systems. This work falls within Project Area 2 in CENTEC, Trust in Automation 
and Cyberspace. 
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The meeting ended with a discussion of the presentations and of the previous day’s lab 
tours, between the AFRL and CENTEC scientists. 

 
August 10, 2010. 
Andre Garcia, a CENTEC member and a graduate student in the Human Factors and 

Applied Cognition (HFAC) Ph.D. program at GMU, gave a presentation at AFRL on his summer 
internship research conducted there. Mr. Garcia gave a well-regarded talk on “Team Vigilance: 
The Effects of Co-Action on Cortical Activity, Workload, and Stress.” This work was conducted 
under the direction of Ben Knott, Greg Funke, and Joel Warm at AFRL. Mr. Garcia, who 
received a Repperger Fellowship to spend the summer at AFRL, returned to GMU August 25, 
2010 to continue his graduate studies and his participation in CENTEC. It is anticipated that 
other GMU students in the HFAC program will similarly spend time in AFRL labs in the 
summer of 2011 and beyond. 

 
November 6, 2010. 
Dr. Bill Kennedy was in the Phoenix/Mesa area for a meeting on computational social 

science and met with Dr. Glenn Gunzelmann of AFRL to discuss potential areas of mutual 
interest associated with CENTEC and cognitive modeling.  Further discussions are planned. 

 
November 16, 2010. 
Project Scientist Dr. Matt Peterson (Attention, Eye Movements, and Situation Awareness) 

traveled to Dayton and met with AFRL scientists Drs. Benjamin Knott, Gregory Funke, and 
Victor Finomore at 711 HPW in Dayton, OH.  They demonstrated current and past projects using 
eye tracking to assess situation awareness and workload during complex visual and multi-modal 
tasks. 

 
December 8, 2010 
AFRL scientists Dr. Ben Knott and Dr. Greg Funke visited GMU and had further 

discussions with CENTEC Director Raja Parasuraman and Project Scientist Dr. Matt Peterson on 
the use of eye movements to assess situation awareness. 

 
January 2-4, 2011 
CENTEC Director Dr. Raja Parasuraman attended the annual meeting of the AFOSR 

Cognition and Perception program annual review. Dr. Parasuraman met with Dr. Jun Zhang, 
program manager of the Cognition and Perception program as well as Dr. Jay Myung, who is 
scheduled to replace Dr. Zhang as AFOSR program manager and technical manager of the 
CENTEC grant in April 2011. CENTEC scientists Dr. Raja Parasuraman and Dr. Carryl Baldwin 
also met with AFRL scientists Dr. James Christensen, Nandini Iyer, and Scott Galster, in further 
discussions to assess progress of CENTEC-AFRL research collaborations. 

 
 January 29, 2011 
Dr. James Christensen of AFRL met with CENTEC Director Dr. Raja Parasuraman in 

Washington DC to discuss various issues, including the joint CENTEC-AFRL special issue of 
the journal NeuroImage. 
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May 9-10, 2011 
CENTEC Project Leaders Dr. Raja Parasuraman and Dr. Pam Greenwood visited AFRL in 

Dayton to meet with Dr. Ryan Jankord to discuss a potential new area of research 
collaboration—on synergistic studies of the molecular genetics of cognition and human 
performance, combining human (CENTEC) and animal (AFRL) studies. He also had continued 
discussions with AFRL Senior Scientist Joel Warm and AFRL scientists James Christensen and 
Justin Estepp on planned joint collaborative research projects. 

 

 
 
 
4.3 CENTEC Inaugural Meeting at GMU 
 

The inaugural (kick-off) meeting of CENTEC was held at GMU September 13-14, 2010. 
This two-day event began on September 13 with tours of CENTEC lab facilities for about 20 
visitors (from AFRL and other institutions). CENTEC Director Raja Parasuraman met the AFRL 
visitors at the Mason Inn hotel on the GMU campus and then escorted them to the CENTEC 
labs. The tour began with visits to three labs: 1) Driving simulator lab, (2) Neuroadaptive 
learning lab, the Team UAV simulator lab. This was followed by a presentation on multi-modal 
neuroimaging. Subsequently, the visitors were taken for a tour of the robotics lab in the 
Engineering Building. The day ended with presentations by Dr. Sean Luke on the MASON 
simulation, an evolutionary computational modeling tool and by CENTEC member Dr. Bill 
Kennedy on the use of MASON in modeling the potential for conflict over scarce resources. A 
group of AFRL and CENTEC members then continued their interactions during a dinner that 
evening on the GMU campus.  

The inaugural meeting continued on September 14 with a full day of presentations by 
CENTEC and AFRL members. Dr. Roger Stough, Vice President for Research and Economic 
Development at GMU, opened the meeting. He welcomed all and indicated that CENTEC should 
prove to be a major center for research and training at GMU.  CENTEC Program Managers Dr. 
Morley Stone of AFRL and Dr. Jun Zhang then spoke briefly on the establishment of CENTEC, 
followed by CENTEC Director Dr. Raja Parasuraman who gave a historical overview of the 
development of the field of neuroergonomics. His talk concluded with a description of the 
project areas within CENTEC. 

 

CENTEC Inaugural Meeting at GMU, 
September 14, 2010. Pictured, from left 
to right are AFOSR Program Manager 
Dr. Jun Zhang, AFRL Program Manager 
Dr. Morley Stone, CENTEC Director Dr. 
Raja Parasuraman, AFRL Human 
Effectiveness Director Dr. Jack 
Blackhurst, and AFRL Senior Scientist 
Dr. Joel Warm. 
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The morning and afternoon sessions then featured seven talks by CENTEC members: 
(a) Dr. James Thompson: “Emerging Cognitive Neuroimaging Technologies.”  (Project 

Area 4) 
(b) Dr. Raja Parasuraman: “Molecular Genetics of Complex Cognition and Training.” 

(Project Area 1) 
(c) Dr. Giorgio Ascoli: “Neurocomputation, Learning, and the Hippocampus.” (Project 

Area 3) 
(d) Dr. Frank Krueger: “Neuroimaging of Human Trust.” (Project Area 2) 
(e) Dr. Bill Kennedy: “Cognitive Modeling of Trust between Agents and Humans.” 

(Project Area 2). 
(f) Dr. Matt Peterson: “Attention, Eye Movements, and Situation Awareness.” (Project 

Area 7). 
(g) Dr. Carryl Baldwin: “Neuroadaptive Systems for Enhanced Learning.” (Project Area 

8). 
The meeting ended with three presentations by AFRL scientists: 
(a) Dr. James Christensen: “Real-time Assessment of Cognitive State using Pattern 

Classification.” 
(b) Dr. Glenn Gunzelmann: “Modeling the Impact of Fatigue on Cognitive Processing.” 
(c) Dr. Andy McKinley: “Brain Stimulation, Learning, and Cognition.” 
 

4.4 Other Ongoing GMU-AFRL Research Collaborations 
 

4.4.1 Graduate student Christopher Rees, working under the supervision of Dr. Giorgio 
Ascoli, requested and obtained access to the Wright Patterson Air Force Base Supercomputing 
Resource Center facilities. They are using these computational resources for their ongoing work 
on computational analysis of hippocampal neurons and their role in learning and memory. 

4.4.2 CENTEC Project Leader, Dr. Carryl Baldwin and AFRL scientist Nandini Iyer are 
holding discussions and making plans for collaborative auditory research projects.  Dr. Iyer 
visited the CENTEC auditory laboratories in summer 2010 and plans are being proposed to 
continue this exchange through a 3-month scientist in residence exchange where Dr. Iyer would 
conduct research in CENTEC at GMU.   

4.4.3.  CENTEC Project Leader, Dr. Carryl Baldwin and AFRL scientist Gregory Funke 
have exchanged data and numerous communications regarding physiological data collected by 
CENTEC scholar, Andre Garcia.  

4.4.4 CENTEC Project Leader Dr. Jim Thompson held discussions with AFRL scientist 
James Christensen in January 2011 to discuss research collaborations. As the neuroimaging 
capabilities at AFRL increase during Year 2, and as the Project 2 and Project 4 fMRI and EEG 
studies continue at GMU, further collaborations are expected. 

4.4.5 Graduate student Bill Miller, who is working under the supervision of Dr. Boehm-
Davis, is spending the summer of 2011 at AFRL. Although his primary duties during the summer 
are not on CENTEC projects, he has met and will continue to meet with Drs. Gloria Calhoun, 
Paul Havig and Eric Geiselman to continue CENTEC research collaborations.  

4.4.6 CENTEC Project Leader Dr. Tyler Shaw hosted Dr. Benjamin Knott and Dr. Greg 
Funke of AFRL in January 2011 to discuss collaborative efforts.  Additionally, a manuscript 
involving AFRL scientists Victor Finomore and Joel Warm was submitted to the Journal of 
Clinical and Experimental Neuropsychology and has received favorable reviews. 
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4.4.7 CENTEC Project Leader Dr. Pam Greenwood and CENTEC Director Dr. Raja 
Parasuraman had telephone conferences and email exchanges with AFRL scientist Ryan Jankord 
concerning molecular genetic studies of cognition. 

4.4.8 Graduate student Brian Kidwell, working under the supervision of Dr. Raja 
Parasuraman, is spending the summer of 2011 at AFRL working with Dr. Gloria Calhoun and 
Dr. Mark Draper on studies examining the use of “Playbook” adaptable automation for human 
supervision of multiple unmanned vehicles. 
 
5. Publications and Conference Presentations  
  
5.1 CENTEC Member Publications (Journals and Book Chapters) 
 
1. Ascoli, G. (2010.The coming of age of the hippocampome. Neuroinformatics, 8(1), 1-2,  
2. Ascoli, G. (2011). Neuron types, cortical circuitry, and the meso-scale connectome. HHMI 

Cortical Computation. 
3. Baldwin, C. L., Coyne, J. T., & Christensen, J. (2011, in press). EEG metrics of workload 

and learner engagement. In M. Fafrowicz, T. Marek, W. Karwowski & D. Schmorrow 
(Eds.), Neuroadaptive Systems: theory and applications: Taylor & Francis/CRC Press. 

4. Baldwin, C. L., Coyne, J. T., Roberts, D. M., Barrow, J. H., Cole, A., Sibley, C., Taylor, B., 
Buzzell, G.  (2010).  Prestimulus alpha as a precursor to errors in a UAV target orientation 
detection task.  In, W. Karwowski and G. Salvendy, (Eds.), Applied Human Factors and 
Ergonomics, Boca Raton, FL:  Taylor & Francis.  

5. Coyne, J. T., Sibley, C., Cole, A., Gibson, G., Baldwin, C. L., Roberts, D., Barrow, J. (2010).  
Adaptive training in an Unmanned Aerial Vehicle: Examination of several candidate real-
time metrics.  In W, Karwowski and G. Salvendy, (Eds.), Applied Human Factors and 
Ergonomics, Boca Raton, FL:  Taylor & Francis.   

6. de Visser, E., & Parasuraman, R. (2010). Etiquette and the brain: Behavioral, computational, 
and neuroergonomic perspectives. In C. Hayes & C. Miller (Eds.), Human-Computer 
Etiquette: Understanding the Impact of Human Culture and Expectations on the Use and 
Effectiveness of Computers and Technology.  (pp. 263-288). New York: Taylor & Francis. 

7. de Visser, E., & Parasuraman, R. (2010). A neuroergonomic approach to human-computer 
etiquette and trust. In W. Karwowski & G. Salvendy (Eds). Applied Human Factors and 
Ergonomics. Boca-Raton: Taylor & Francis.  

8. Fedota, J., & Parasuraman, R. (2010). Neuroergonomics and human error. Theoretical Issues 
in Ergonomics Science, 11(5), 402-421. 

9. Funke, M. E., Warm, J. S., Matthews, G., Finomore, Jr, V., Vidulich, M., Knott, B. A., 
Helton, W. S., Shaw, T. H., & Parasuraman, R. (2010). Static and dynamic discriminations 
in vigilance: Effects on cerebral hemodynamics and workload. In W. Karwowski & G. 
Salvendy (Eds). Applied Human Factors and Ergonomics. Boca-Raton: Taylor & Francis. 

10. Gartenberg, D., & Parasuraman, R. (2010). Understanding brain arousal and sleep quality 
using a neuroergonomic Smart Phone application. In W. Karwowski & G. Salvendy (Eds). 
Applied Human Factors and Ergonomics. Boca-Raton: Taylor & Francis. 

11. Parasuraman, R. (2010). Neurogenetics of working memory and decision making under time 
pressure. In W. Karwowski & G. Salvendy (Eds). Applied Human Factors and Ergonomics. 
Boca-Raton: Taylor & Francis. 

12. Parasuraman, R. (2011). Neuroergonomics: Brain, cognition, and performance at work. 
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Current Directions in Psychological Science, 20, 181-186. 
13. Parasuraman, R. (in press). Neuroergonomics: Brain-inspired cognitive engineering. In J. D. 

Lee & A. Kirlik (Eds.) The Oxford Handbook of Cognitive Engineering. Volume 1: 
Foundations, Perspectives and Cognitive Issues.  New York: Oxford University Press. 

14. Parasuraman, R., & Jiang, Y. (2011). Individual differences in cognition, affect, and 
performance: Behavioral, neuroimaging, and molecular genetic approaches. NeuroImage. 
doi:10.1016/j.neuroimage.2011.04.04. 

15. Peterson, M.S., & Beck, M.R. (in press). Eye movements and memory. In I. Gilchrist & S. 
Everling (Eds.) Oxford Handbook on Eye Movements. Oxford, U.K. 

16. Reinerman-Jones, Matthews, G., Warm, J.S., Langheim, L.K., Guznov, S., Shaw, T.H., & 
Finomore, V.S. (in press). The functional fidelity of individual differences research: The 
case for context matching, Theoretical Issues in Ergonomics Science. 

17. Shaw, T. H., Parasuraman, R., Guagliardo, L., & de Visser, E. (2010). Towards adaptive 
automation: A neuroergonomic approach to measuring workload during a command and 
control task. In W. Karwowski & G. Salvendy (Eds). Applied Human Factors and 
Ergonomics. Boca-Raton: Taylor & Francis.  

18. Thompson, J.C., Parasuraman, R. (2011). Attention, biological motion, and action 
recognition. NeuroImage, doii:10.1016/j.neuroimage.2011.05.044. 

19. Werner, N. E., Cades, D. M., Boehm-Davis, D. A., Peterson, M. S., Alothman, S. J., Zhang, 
X. (2010). Individual differences in resuming interrupted tasks. Journal of the Washington 
Academy of Sciences, 96 (3), 35-49.  

 
Several additional publications are anticipated in 2011. Among these will be journal articles 

for a special issue of a journal, as indicated in section 5.3. 
 

5.2 CENTEC Member Presentations and Posters 
 
1. Ascoli, G. (2010). The neuron registry and the Hippocampome. Presented at the HHMI 

Conference, JFRC. 
2. Ascoli, G. (2010). Quantifying autobiographical memory content. Presented at the 

Psychiatric Colloquium, University of Milan, Italy. 
3. Ascoli, G. (2011, January). Recent advances, low-hanging fruit, strategic vision in 

Cognitive Modeling. Presented at the AFRL Workshop Advanced Initiatives, Dayton, OH. 
4. Baccus, W., Thompson, J.C. (June 2010). Contribution of body form and motion to 

responses to biological motion in MT+ and EBA depends on cue reliability. 17th Annual 
Meeting Human Brain Mapping Abstracts. 

5. Barrow, J. H., and Baldwin, C. L.  (2010).  Spatial audio vs. verbal directional cues: an 
examination of salience and disruptiveness within a simulated driving context.  In 
Proceedings of the International Community of Auditory Display.  (June, 2010, Washington, 
D. C.).  

6. Barrow, J. H., and Baldwin, C. L.  (2010).  Allowing for Individual Differences in Auditory 
Warning Design: Who Benefits from Spatial Auditory Alerts?  In Proceedings of the 
Human Factors and Ergonomics Society Annual Conference.  (September, 2010, San 
Francisco, CA).   

7. Clarke, E., Andrews, A., Espeseth, T., Parasuraman, R., & Greenwood, P. M. (2010). 
Visuospatial attention influences mental representation in working memory as reflected in 
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the CDA. Society of Neuroscience Abstracts, 399.10/KKK66. Washington DC: Society for 
Neuroscience. 

8. Fedota, J., McDonald, C. G., & Parasuraman, R. (2010). Modulation of conflict monitoring 
processes by stimulus ambiguity in an Eriksen flanker task: An event-related potential 
study. Society of Neuroscience Abstracts, 699.5/JJJ35. Washington DC: Society for 
Neuroscience. 

9. Fu, S., Greenwood, P. M., Lin, M.-K., Wang, Y., Fryxell, K., & Parasuraman, R. (2010, 
November). CHRNA4 genotypes and visuospatial attention: An event-related potential 
study. Society of Neuroscience Abstracts, 198.9/III33. Washington DC: Society for 
Neuroscience. 

10. Garcia, A., Baldwin, C. L., & Dworsky, M. (2010).  Gender Differences in Simulator 
Sickness In Fixed- versus Rotating-Base Driving Simulator.  In Proceedings of the Human 
Factors and Ergonomics Society Annual Conference.   (September, 2010, San Francisco, 
CA).  

11. Garcia, A., Baldwin, C., Funke, M., Funke, G., Finomore, V., Dukes, A.,  Knott, B.,  & 
Warm, J., (2011, May). The effects of co-action on workload and stress in team vigilance. 
Paper presented at the 16th International Symposium on Aviation Psychology, Dayton, OH.   

12. Gardner, R., & Ascoli, G. (2011, May). Quantitative characterization of autobiographical 
and prospective memory. Presented at the Association for Psychological Science 
Conference, Washington DC, 2011.  

13. Kennedy, W. G. (2010). Towards understanding trust through computational cognitive 
modeling. In Proceedings of the First International Conference on Biologically Inspired 
Cognitive Architectures. November 13-14. Arlington, VA: American Association for 
Artificial Intelligence. 

14. Kidd, D. G., Nelson, E. K., & Baldwin, C. L.  (2010).  The effects of repeated exposures to 
collision warnings on driving and secondary task performance.  In Proceedings of the 
Human Factors and Ergonomics Society Annual Conference.   (September, 2010, San 
Francisco, CA). 

15. McCorry, D., & Thompson, J.C. (Nov 2010). Decoding covert speech states using 
functional magnetic resonance imaging and multi-voxel pattern analysis. Society for 
Neuroscience Abstracts. San Diego, CA: Society for Neuroscience.  

16. Parasuraman, R. (2011, June). Neuroergonomics research at CENTEC. Invited Lecture, 
Institute for Aerospace Engineering, Technical University of Berlin, Berlin, Germany. 

17. Safford, A.S., Hussey, E.A., Parasuraman, R., Thompson, J.C. (2010). Object-based 
attentional modulation of biological motion: Spatiotemporal dynamics using fMRI and 
EEG. 17th Annual Meeting Human Brain Mapping Abstracts. 

18. Tsai, Y.D., Kang, S., & Peterson, M.S. (September 2010). Effects of individual differences 
on visual search task performance. In Proceedings of the Fifty-fourth Annual Meeting of the 
Human Factors and Ergonomics Society. Santa Monica, CA: Human Factors and 
Ergonomics Society. 

19. Wheeler, D., Rees, C., & Ascoli, G. A. (November 2010). The "Hippocampome", a database 
of potential connectivity among neuronal classes in the rodent hippocampus. Society of 
Neuroscience Abstracts. Washington DC: Society for Neuroscience. 
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5.3 Special Issue of NeuroImage on “Neuroergonomics: The Brain in Action and at Work.” 
 

This special issue represents a key development relevant both to the research and 
collaboration goals of CENTEC. There is a strong need for a special issue on the topic in a high 
impact cognitive neuroscience journal. While neuroergonomics is increasingly well known in the 
human factors area, it is not yet well represented in the mainstream neuroscience literature.  

Accordingly, CENTEC Director Raja Parasuraman made an initial inquiry to the editors of 
two high profile journals in cognitive neuroscience, The Journal of Cognitive Neuroscience and 
NeuroImage regarding the possibility of a special issue. Both editors were positive, but the first 
journal declined because they no longer publish special issues. The editor of the second journal, 
NeuroImage, was enthusiastically positive.  

Following initial inquiries, discussions, and a review by the editor and publishers, the 
special issue is now planned for 2011, with 14 invited papers to be submitted by February 2011, 
and a publication date of about September 2011. An exciting aspect of the  special issue is the 
agreement of Dr. Michael Posner to write a commentary article. Dr. Posner is particularly 
appropriate given that he is both a highly regarded pioneer of human performance research (e.g., 
Fitts & Posner, Human Performance, 1969) and is considered a “father” of the cognitive 
neuroscience revolution (Posner & Raichle, 1994). 

The papers of the special issue will describe how research and practice in the field of 
human factors and ergonomics can be enriched by consideration of theories and results from 
neuroscience—in particular non-invasive neuroimaging, brain stimulation, molecular genetic, 
and computational techniques. In turn, the papers will show how neuroergonomics offers another 
example of translational neuroscience—as applied to normal populations engaged in work, 
transportation, and other everyday activities, as opposed to applications to clinical populations 
and medicine. 

  
List of Invited Authors and Topics (CENTEC and AFRL contributors shown in bold). 

 
Editorial.  Parasuraman, Christensen, and Grafton. 
 
1. Attention, biological motion, and action recognition.  Thompson and Parasuraman, George 
Mason University. 
2. Decoding intention:  A neuroergonomic perspective. Grafton and Tipper, University of 
California, Santa Barbara. 
3. A selective review of simulated driving studies:  Combining naturalistic and hybrid 
paradigms, analysis approaches, and future directions. Calhoun and Pearlson, University of New 
Mexico.     
4. Optical brain monitoring for operator training and mental workload assessment. Ayaz et al., 
Drexel University. 
5. EEG metrics for within and cross task workload classification with an artificial neural 
network. Baldwin and Penaranda, George Mason University, 
6. The effects of day-to-day variability of physiological data on operator functional state 
classification. Christensen et al., Air Force Research Laboratory. 
7. Cross-subject workload classification with a hierarchical Bayes model. Hope et al., Rensselaer 
Polytechnic Institute. 
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8. Individual differences in cognition, affect, and performance: Behavioral, neuroimaging, and 
molecular genetic approaches. Parasuraman and Jiang, George Mason University. 
9.  Individual differences in cognitive style and strategy predict similarities in the patterns of 
brain activity between individuals. Miller et al., University of California, Santa Barbara. 
10. Neural decoding of collective wisdom with multi-brain computing. Eckstein et al., University 
of California, Santa Barbara. 
11. Computational neuroergonomics. Liu et al., University of Michigan. 
12. TDCS guided using fMRI significantly accelerates learning to identify concealed objects. 
Clark et al., University of New Mexico. 
13.  Modulating the brain at work using noninvasive transcranial stimulation. McKinley et al., 
Air Force Research Laboratory 
14. Effects of training strategies implemented in a complex videogame on functional 
connectivity of attentional networks.  Voss et al., University of Illinois, Urbana-Champaign. 
15. Expanding horizons in ergonomics research. Posner, University of Oregon. 


