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Executive Summary 
 

Research, training, and scientific collaboration continued at a high level in the second year of 
the Center of Excellence in Neuroergonomics, Technology, and Cognition (CENTEC), under the 
joint funding of the Air Force Office of Scientific Research (AFOSR) and the Air Force Research 
Laboratory (AFRL). Program Managers are Dr. Jay Myung (AFOSR) and Dr. Morley Stone 
(AFRL).   

This progress report describes: (1) CENTEC research; (2) graduate student and postdoctoral 
fellow training; and (3) scientific collaborative activities with AFRL during Year 2 of CENTEC, 
July 15, 2011 through July 14, 2012. Financial reports have been sent separately. 

In year 1 there were initially 10 research Project areas within CENTEC, each with a George 
Mason University (GMU) Project Lead. Based on feedback received after the AFOSR/AFRL 
review of Year 1 activities in November 2011, however, CENTEC was reorganized into 8 Project 
areas. In particular the Eye Movements, Attention, and Situation Awareness project was 
discontinued, Auditory Cognition was renamed Multimodal Cognition to reflect increased 
collaboration on auditory and tactile interfaces with AFRL scientists, and the two previous 
projects on Neuroadaptive Systems were merged into one Project area. Each Project area is also 
linked with associated project scientists at AFRL. Finally, two GMU faculty investigators were 
added to Project 2, Trust in Automation and Cyberspace. The revised list of Project areas and 
GMU Project Leads is as follows: 

 
1. Molecular Genetic and Neuroimaging Studies of Complex Cognition (Parasuraman). 
2. Trust in Automation and Cyberspace (Kennedy, De Jong, Krueger, Parasuraman). 
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. Multimodal Cognition (Baldwin). 
7. Neuroadaptive Systems (Shaw, Baldwin). 
8. Training the Brain (Greenwood, Parasuraman). 
 
Research activities within and across each of these 8 Project areas progressed at an 

accelerated pace during Year 2. Several studies have been completed and published in each 
Project Area, including experiments jointly designed, executed, and published by GMU and 
AFRL scientists, as described in sections 1-8 Training of graduate students and postdoctoral 
fellows associated with each Project area is also described. Publications and paper presentations 
are listed in section 9. In addition, Project Leads in each Project area have met with AFRL 
personnel and conducted joint studies and made plans for future collaborative research. Such 
collaborative activities include all 8 Project areas.  

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. In addition, training of graduate students and postdoctoral 
fellows, as well as collaborative activities with AFRL scientists, has also taken place both within 
and across Project areas. 
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Notable Scientific Breakthroughs 2011-2012 
 
1. Functional variants of the dopamine beta hydroxylase gene discovered that identify 

individuals less susceptible to bias in computer-assisted decision making. PLoS One, 2012. 
(Raja Parasuraman, CENTEC Director and Project 1 Lead). 

2. Oxytocin receptor gene variant found to be associated with human trust during decision 
making. Frontiers in Human Neuroscience, 2012 (Frank Krueger, Project 2). 

3. Computational network analytical model of the hippocampus (the “hippocampome”) 
developed.  Invited for position papers in Nature Reviews Neuroscience and Neuron. (Giorgio 
Ascoli, Project 3 Lead). 

4. Using fMRI, multi-voxel pattern analysis (MVPA), and retinotopic mapping, discovered that 
separate neural populations process form and motion cues independently in lateral 
occipitotemporal cortex, with their integration occurring later in posterior superior temporal 
sulcus. Invited Presentation for The Brain in Action Symposium at the Asia-Pacific 
Conference on Vision (APCV2012), Incheon, Korea, 2012.  (Jim Thompson, Project 4 Lead). 

5. Developed first comprehensive theoretical model of factors influencing interruptions during 
multi-tasking. (Deborah Boehm-Davis, Project 5 Lead). 

6. Demonstrated feasibility and effectiveness of tactile cues for spatial navigation (Carryl 
Baldwin, Project 6 Lead) 

7. Demonstrated feasibility of real-time measurement of cognitive workload during multi-UAV 
supervision using cerebral blood flow for use in adaptive systems (Shaw, Project 7 Lead). 

8. Direct current brain stimulation found to accelerate learning and enhance 24-hour retention of 
a complex perceptual learning task. PLoS One, 2012. (Pamela Greenwood, Project 8 Lead). 

 



 3 

Awards and Honors 
 
1. Giorgio Ascoli (Project 3 Lead), Outstanding Faculty Award, State Council for Higher 

Education in Virginia (SCHEV), 2012. 
2. Brian Falcone (Graduate Student), Research Award of $500 for the Proposal “Transcranial 

Direct Stimulation to Enhance Perceptual Learning and Retention,” Augmented Cognition 
Technical Group. Human Factors and Ergonomics Society, 2011. 

3. Christian Gonzalez (Graduate Student), Travel and Workshop Attendance Award, $2,500, 
International Community of Auditory Displays (ICAD), 2012. 

4. William Kennedy (Project 2) and Robert Patterson’s (AFRL) paper selected as one of the 
best papers at ICCM and invited for publication in the Journal of Cognitive Systems Research 
in 2013. 

5. Ryan McKendrick (Graduate Student), Best Student Paper Award, Cognitive Engineering 
and Decision Making Technical Group, Human Factors and Ergonomics Society, 2011.  

6. Raja Parasuraman (Project 1 Lead), Triennial Outstanding Educator Award, International 
Ergonomics Association Triennial Award, 2012. 

7. Raja Parasuraman (Project 1 Lead), Pioneer in Human-Automation Research Award, 
Cognitive Engineering and Decision Making Technical Group, Human Factors and 
Ergonomics Society, 2011. 

8. Jonathan Strohl (Graduate Student), Governor's Transportation Safety Award in the 
category of Youth Traffic Safety, Richmond, VA, 2012.  
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1. Project 1:  Molecular Genetic and Neuroimaging Studies of Complex Cognition 
(Parasuraman) 
 
1.1 Research 
 

During Year 2, three research studies (two with participant sample sizes of ~100) were 
completed in Project 1, focusing on molecular genetic and neuroimaging (fMRI) studies of 
working memory and decision making. The three completed research studies are described below. 

We have previously shown that two variants of the dopamine beta hydroxylase (DBH) gene, 
a functional gene affecting noradrenergic and dopaminergic activity in prefrontal cortex, are 
significantly associated with spatial working memory (Parasuraman & Jiang, 2012). Individual 
differences in working memory capacity are thought to play an important role in decision-making 
efficiency. Computerized aiding systems can assist human decision makers in complex tasks but 
can impair performance when they provide incorrect advice that humans erroneously follow, a 
phenomenon known as “automation bias.”  The extent to which people exhibit automation bias 
varies significantly and may reflect inter-individual variation in working memory capacity and the 
efficiency of executive function, both of which are highly heritable and under dopaminergic and 
noradrenergic control in prefrontal cortex. We therefore examined decision-making performance 
under imperfect computer aiding in 100 participants performing a simulated military command 
and control task. The task required participants to make speeded decisions on which enemy 
targets to engage by using friendly units.  

Fig. 1.1 Representation of the 
DBH gene and its two major 
functional SNPs. 

We focused on the 
Dopamine Beta Hydroxylase 
(DBH) gene because it plays a 
role in dopamine and 
noradrenergic signaling and 
because we have previous 
linked it to individual 
differences in working memory 
capacity. We genotyped 

individuals on two variants of the DBH gene, -1041 C/T (rs1611115) and 444 G/A SNP 
(rs1108580) (see Fig. 1.1).  Participants were divided into groups of low and high DBH enzyme 
activity, where low enzyme activity is associated with greater dopamine relative to 
norepinephrine levels in cortex.  

Compared to those in the high DBH enzyme activity group, individuals in the low DBH 
enzyme activity group were more accurate in their decisions when incorrect advice was given and 
verified automation recommendations more frequently (see Fig. 1.2). These results indicate that a 
gene that regulates relative prefrontal cortex dopamine availability, DBH, can identify those 
individuals who are less susceptible to bias in using computerized decision-aiding systems. This 
study was recently published in PLoS One (Parasuraman et al., 2012). 

 
 

Figur
e 
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Increased working memory capacity is 
thought to allow individuals to consider 
more decision options and hypotheses, 
thereby enhancing decision making 
efficiency under time pressure (Parasuraman 
& Jiang, 2012). Individuals less susceptible 
to bias when using computerized decision 
aids are also hypothesized to attend more to 

sources of information that are relevant to decision outcomes (Parasuraman & Manzey, 2010). 
Given these close links between working memory capacity, attention allocation, and decision 
making, an important issue involves identifying the neural mechanisms underlying the attentional 
modulation of working memory. Accordingly we conducted an fMRI study using the same 
working memory task as in our previous research, but with the addition of a cueing procedure for 
guiding attention. The study was lead by postdoctoral researcher Maren Strenziok. Previous 
neuroimaging studies have shown that visuospatial attention and visual working memory engage 
overlapping neural networks in dorsolateral prefrontal and superior parietal areas. Thus, activation 
in these areas should vary with cue-driven attentional guidance during working memory (WM) 
tasks, depending on the precision of the cue in guiding spatial attention. Although it has been 
shown that target pre-cueing increases the success of target maintenance in working memory, cue-
driven brain activation changes have not been studied. In an event-related fMRI study, we 
assessed changes in brain activation during WM performance under cue-driven attentional 
guidance and in the presence or absence of distraction. Participants had to remember the location 
of target dots for 3s and judge whether a test dot matched the location of a target dot (target-test-
distance: 0°, 2°, or 4° of visual angle). Targets were preceded by a circular cue that provided 
either relatively good (medium cue=5.2°) or relatively poor (large cue=8.1°) attentional guidance, 
or no cue, for 500ms. In 50% of the trials, small circles were presented during the delay to serve 
as a distracter. There was greater brain activation during the delay period in the right dorsolateral 
prefrontal cortex (PFC) when no cue was presented compared to when a cue was presented. 
Presence of a distracter lead to greater activation in the left insula compared to when it was 
absent. Finally, the right dorsolateral PFC, left ventrolateral PFC, ventromedial PFC, right 
superior temporal lobe, and right occipital lobe were sensitive to the interaction between cue size 
and distracter presence. The results indicate that attentional guidance imposes a lower neural cost 
on working memory performance, whereas reorienting associated with distraction during 
retention reduces the efficiency of brain function. This study was presented the Annual Meeting 
of the Cognitive Neuroscience Society (Strenziok et al., 2012). 

The third study carried out in Project 1 extended the first DBH study described above to an 
examination of other dopamine genes in relation to decision making in a task requiring 
supervision of multiple unmanned vehicles (UAVs). Specifically, the COMT gene has been 
associated with dopaminergic function in PFC and has been previously linked to executive 
function, as assessed with neuropsychological tests such as the Wisconsin Card Sorting Task. 

 

Fig. 1.2. Decision-making accuracy in 
low and high DBH enzyme groups 
and for reliable and unreliable 
automation trials. 
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Accordingly, we examined genetic associations between COMT and the two DBH variants 
examined previously and performance on a multi-UAV air defense task. Participants supervised 
eight (friendly) UAV assets that were located inside a “Red Zone”, while numerous neutral and 
enemy UAVs approached the Red Zone from different directions; a yellow zone also marked a 
teammate’s area of defensive responsibility. Subjects had to complete three tasks during each 
simulation run: (i) using friendly UAV assets to attack and prevent enemies from entering the Red 
Zone; (ii) protecting their own assets from damage and destruction (via friendly fire or enemy 
attacks); and (iii) sending messages to the teammate (a simulated agent, in this case) to warn them 
whenever enemy UAVs fly into the yellow zone. A total of 104 participants completed the multi-
UAV task under low and high task load conditions, defined by the number of enemy targets that 
they had to engage. All participants were genotyped for the val158met SNP of COMT and the 
two DBH variants. The main hypothesis to be tested is that T allele carriers of the -1021 C/T SNP 
of the DBH gene and met carriers of the COMT gene will exhibit superior performance (e.g., Red 
Zone protection) than participants with other genotypes, and that this association will be stronger 
under high task load. This study was completed in June 2012 and data analysis is ongoing.   

Plans for Year 3 in Project Area 1 include the following: (1) Completed analysis of the 
genetic multi-UAV study, with proposed submission of the results to the Cognitive Neuroscience 
Society Conference in 2013; (2) Submission of the fMRI attention/working memory study to a 
peer-reviewed journal; (3) design and execution of a genetic study involving fMRI scanning 
during an attentionally-guided working memory task in individuals selected for low and high 
levels of DBH enzyme activity; (4) design and execution of a study using functional near infrared 
spectroscopy (fNIRS) as a low cost neuroimaging method to track day to day changes in brain 
activation as individuals learn to perform a complex multi-UAV supervisory control task. 

 
1.2 Training 
 

One postdoctoral fellow, Maren Strenziok, was recruited to work on fMRI studies of 
attentionally-guided working memory. Another, Ming-kuan Lin, worked on the two molecular 
genetic studies of cognition reported in the Research section. A third, John Fedota, was recruited 
in 2012 to work on neuroimaging (fMRI and ERP) studies of cognitive control and its training. In 
addition, two graduate students, Brian Falcone and Ryan McKendrick, who were recruited as “Air 
Force scholars” in Year 1 of CENTEC, continued to work under the supervision of Raja 
Parasuraman. Brian Falcone carried out studies on the effects of transcranial direct current 
stimulation (tDCS) on perceptual learning and its retention, as well a separate study on tDCS 
effects on multi-UAV supervision (described in Project Area 8). Ryan McKendrick carried out a 
study examining the effectiveness of “emphasis change” as a training method for enhancing skill 
acquisition in dual tasks involving attention and working memory sub-tasks. Brian Kidwell, a 
student in the Masters Program in Human Factors and Applied Cognition, and who spent the 
summer of 2011 at AFRl, Dayton (working with Gloria Calhoun), was accepted into the PhD 
program. Brian Kidwell worked on the second molecular genetic study reported in the Research 
section and will continue to work on other CENTEC studies in the Ph.D. program. 
 
1.3 Collaborative Activities 
 

The special issue of NeuroImage on “Neuroergonomics: The Brain in Action and at Work” 
was completed and published in the journal in January 2012 (available online November 2011). 
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The special issue was edited by Raja Parasuraman of GMU, James Christensen of AFRL, and 
Scott Grafton of the University of California, Santa Barbara. The special issue featured 16 papers, 
including four by GMU scientists and two by AFRL personnel, with a closing commentary by 
noted cognitive neuroscientist Michael Posner, who traced the history of neuroergonomics from 
the studies of human performance initiated by Paul Fitts in the 1950s (conducted at the Air Force 
Research Laboratory, Wright Patterson Air Force Base), through the cognitive science movement 
of the 1960s, to the neuroimaging revolution in the 1990s (which Posner pioneered), to the current 
application of neuroscience to issues of human performance at work. 

Meetings were held with AFRL scientists Drs. Joel Warm, Ben Knott, Scott Galster, Andy 
McKinley, Victor Finomore, Matt Funke, and Greg Funke to discuss ongoing and planned 
research collaboration at the following conferences: Human Factors and Ergonomics Society 
Conference (September, 2010); Society for Neuroscience Conference (November 2011); 
International Ergonomics Association (IEA) Symposium (February, 2012); and the Cognitive 
Neuroscience Society Conference (April 2012). A joint symposium between GMU and AFRL 
scientists on “Neuroergonomics, Technology, and Cognition” was held at the IEA Symposium in 
February 2012, featuring GMU scientists Raja Parasuraman, Deborah Boehm-Davis, and Carryl 
Baldwin, and AFRL scientists Ben Knott, Victor Finomore, Joel Warm, and Greg Funke. The 
papers from this meeting were published in the journal Work. 

Discussions were continued with scientific meetings at AFRL Dayton in August 2011 and 
March 2011 and at GMU in October 2011 and January 2012. In addition, the CENTEC review at 
GMU in November 2011 afforded a number of opportunities for discussions between GMU 
scientists and the many AFRL scientists present. 

Scott Galster and Raja Parasuraman chaired the Panel on Sensing at the AFRL-supported 
Workshop on Human Performance Augmentation in Tempe, AZ. The Panel provided 
recommendations for emerging sensing methods and neurotechnologies to aid the warfighter. 

Finally, Ryan Jankord of AFRL met with Raja Parasuraman of GMU on several occasions to 
discuss a collaborative project on the molecular genetics of attention and working memory. As a 
result of these discussions, they submitted a joint proposal in November 2011 to the Air Force 
Medical Service Agency (AFMSA/SG9). They proposed four projects using molecular genetics, 
cognitive testing, and neuroimaging to identify the molecular pathways underlying attention, 
working memory, and stress in challenging aerospace tasks.  

 
2. Project 2: Trust in Automation and Cyberspace (Kennedy, De Jong, Krueger, 
Parasuraman) 
 
2.1 Research 

 
Three experimental studies were carried out in Year 2 in Project 2. In addition, two new 

computational modeling projects were initiated. The research focused on the cognitive 
neuroscience and molecular genetics of trust and social belief, the similarities and differences in 
the neural mechanisms of human-human and human-automation trust, and the computational 
modeling of trust. During Years 1-2, the Lead for Project 2 was Dr. Frank Krueger, assisted by 
Dr. Raja Parasuraman. Dr. Krueger was involved in the first three studies described below. 
Following the review of CENTEC research in November 2011, given the feedback from the 
review panel, Dr. William Kennedy and Dr. Kenneth De Jong were asked to join as co-Leads of 
Project 2 in January 2012, with the continuing involvement of Dr. Krueger and Dr. Parasuraman 
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in support roles. In Year 3 of this Project there will be a greater emphasis on human-automation 
trust, including cyber systems, hence the recruitment of Professor De Jong, a leading expert on 
evolutionary computing and Professor Kennedy, an expert on computational cognitive modeling. 
Their initial work and their plans for research in Year 3 are described at the end of this section.  

Trust in another human or computer agent can be described as the belief that others are 
reliable and tell the truth. There are considerable individual differences in the propensity to trust 
others, which may be linked to variations in the neurohormonal modulator oxytocin. Brain and 
peripheral levels of oxytocin are controlled by the oxytocin receptor (OXTR) gene. This gene is 
an excellent candidate to investigate genetic contributions to individual variations in trust 
behavior. Although a single-nucleotide polymorphism involving an adenine (A)/guanine (G) 
transition (rs53576) has been associated with socio-emotional phenotypes, its link to trust 
behavior is unclear. In this study we genotyped 108 healthy male students who were 
administrated a two-person trust game that has been used in many previous studies. A commonly 
occurring genetic variation (rs53576) in the OXTR gene was reliably associated with trust 
behavior, rather than with a general increase in trustworthy or risk behaviors. Individuals 
homozygous for the G allele (GG) showed higher trust behavior than individuals who were A 
allele carriers (AA/AG). The molecular functionality of this genetic polymorphism is still under 
investigation, but the significant association suggests that it is one of the gene variants associated 
with propensity to trust other humans. Whether the same gene is also associated with trust in non-
human agents is a topic for future research. This study was published in Frontiers in Human 
Neuroscience  (Krueger et al., 2012a). 

Trust may be mediated by social beliefs, which are the building blocks of people’s thoughts 
and behaviors. One such social belief is belief in free will. The neuropeptide oxytocin functions as 
a hormone and neurotransmitter and facilitates social cognition and approach behavior. Given that 
empathy is an essential ingredient for third-party decision-making in institutions of justice, we 
investigated whether exogenous oxytocin modulates empathy of an unaffected third-party toward 
offenders and victims of criminal offenses. Healthy male participants received intranasal oxytocin 
or placebo in a double blind, placebo controlled, between-subjects design. Participants were given 
a set of legal vignettes that described an event during which an offender engaged in criminal 
offenses against victims. As an unaffected third-party, participants were asked to rate those 
criminal offenses on the degree to which the offender deserved punishment and how much harm 
was inflicted on the victim. Exogenous oxytocin selectively increased third-party decision-
makers’ perceptions of harm for victims but not the desire to punish offenders of criminal 
offenses. We argue that oxytocin promoted empathic concern for the victim, which in turn 
increased the tendency for prosocial approach behavior regarding the interpersonal relationship 
between an unaffected third-party and a fictional victim in the criminal scenarios. This study was 
published in Social, Cognitive, and Affective Neuroscience (Krueger et al., 2012b). 

The third study in Project 2, which forms the Ph.D. dissertation proposal of graduate student 
Ewart de Visser, focused on the calibration of trust in cognitive agents. The core question 
addressed was 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 as two opposite ends along the same spectrum. 
With the advent of cognitive agents, however, entities that are neither entirely machine or entirely 
human, it is important to revisit this theory. Some claim that HHT and HAT are the same and 
propose that if automation is designed to be human-like, similar social interactions can easily be 
elicited (Nass et al., 1994). Others say that HHT and HAT are fundamentally different and 
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propose models that indicate differences in initial perception, automation monitoring 
performance, and judgments that lead to differences in trust (Lee & See, 2004; Madhavan & 
Wiegmann, 2007).  

In four experiments, the degree of “humanness” of agents was varied on a cognitive 
spectrum with machines on the low end of humanness and humans on the high end. Participants 
were asked to guess a pattern in a number-sequence task following advice of one of these agents. 
In the first experiment, immediate performance feedback was provided after each 
recommendation and final choice. In a follow-up experiment, performance feedback was delayed 
to increase uncertainty. Experiment 3 was identical to Experiment 2, except that initial agent 
stories were changed to be adversarial as opposed to cooperative stories used in all other 
experiments. Experiment 4 was identical to Experiment 2, except that after each agent block 
positive or negative feedback was provided adaptively based on the participants’ performance. 

Experiment 1 showed that with increasing humanness, agents were relied on less, initially. 
This difference disappeared as familiarity with agents increased. As reliability deteriorated so did 
compliance. In the second experiment with delayed feedback, participants relied less on human-
like agents compared to machine-like agents. However, as reliability decreased the trust 
resilience, the stability of trust over time, remained high for human-like agents but decreased for 
machine-like agents. With delayed feedback, compliance remained high even when advice was 
always incorrect. In Experiment 3 with competitive agents, initial trust and compliance decreased 
again, but more steeply for human-like agents compared to machine-like agents.  However, as 
reliability decreased trust resilience again remained high for human-like agents while it decreased 
for machine-like agents. In Experiment 4 with human-like feedback, trust resilience was increased 
for all agents and remained stable as reliability decreased.  

This study will be presented at the October 2012 meeting of the Human Factors and 
Ergonomics Society. The results show that increasing the humanness of automation confirmed 
automation bias in machine-like agents compared to more human-like agents. Trust resilience was 
higher for human-like agents compared to machine-like agents.  The results support the 
recommendation that automation should be designed to be more machine-like if it is highly 
reliable to stimulate appropriate reliance. Automation should be designed as more human-like if it 
is likely to be unreliable.   

In early 2012, a new, two-pronged approach to the topic of trust in automation was initiated, 
lead by William Kennedy and Ken De Jong, evolutionary computing and cognitive modeling.  

The evolutionary computation approach is focused on probing for weaknesses in complex 
cyber-systems. In general, agent-based modeling techniques are now an important tool in 
understanding the behavior of complex non-linear systems.  This provides an opportunity for a 
“devil’s advocate” approach to assessing the strengths and weaknesses of complex systems by 
using evolutionary computation techniques to evolve the behaviors of simulated “red” agents.  
This research builds on successful applications of this approach for evolving hacker behaviors for 
probing computer network security and terrorist scenarios for contaminating water distribution 
networks. 

In this first year of research in this project, we focused on two improvements over the current 
state of the art: 

- Improved computational representations of agent behavior to allow a wider range of 
evolving  agent behaviors. 

- Improved computational representation of co-evolutionary dynamics to allow the 
representation of the co-evolutionary responses of “blue” agents to perceived threats. 
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This research has resulted in: 
- a set of design tools for genetic programming representations of agent behavior.  The initial 

assessment of these tools was published in the 2012 peer-reviewed GECCO conference. 
- an expanded evolutionary computation toolkit that included co-evolutionary models.  Initial 

testing of the co-evolutionary models was done using existing parameterized representations of 
agent behaviors. 

In Year 3 we will apply the developed design tools and co-evolutionary toolkit to the 
increasingly difficult problem of cyber-security of computer networks, exposing the weaknesses 
of network security in a dynamically changing world of threats. 

The cognitive modeling approach is not based on explicit cognitive representations, but 
implicit, specifically, implicit learning and decision-making, a collaboration between GMU and 
AFRL (Robert Patterson). At the International Conference on Cognitive Modeling, Kennedy and 
Patterson reported on the development of a model of implicit learning and then the use of that 
learning in deciding if patterns in new stimulus were consistent or inconsistent with training. It is 
only one possible model, but it matched the human performance data and demonstrated the range 
of performance possible. Having such a model allows us to explore the applicability of the 
mechanisms used in the cognitive model to the training of Air Force personnel. The model is 
potentially applicable to training Air Force personnel in recognizing normal or out of normal 
patterns in sensor inputs. The plans for Year 3 are to explore the similarities in human and 
machine performance more deeply. Do both make the same mistakes, i.e., do they both have 
difficulty with certain types of patterns and if so, can the cognitive modeling efforts provide clues 
to overcome this? This effort involves re-analyzing the previously collected human data at the 
individual stimulus and response level compared with the corresponding data from running the 
model.  

 
2.2 Training 

 
The genetic and oxytocin studies on human-human trust were conducted by Lara Moody, 

under the supervision of Frank Krueger Raja Parasuraman, from July 2010 to May 2012, when 
she left to enter the Ph.D. program at Virginia Technological University. In May 2012 Kimberly 
Goodyear was recruited to replace Lara Moody. Kimberly is in the Ph.D. program in 
Neuroscience. Ewart de Visser conducted the experiments on human-automation trust. He is due 
to graduate with the Ph.D. degree in summer 2012, but will continue to participate in CENTEC 
research on a part-time, voluntary basis. Ewart will also be working with Dr. Kennedy on 
developing a computational cognitive model of the data from his dissertation. During Year 3, we 
plan to recruit a new graduate student to replace Ewart. The evolutionary computation research 
described above has involved one postdoc (Jayshree Sarma) and two PhD students in the 
Computer Science program (Jeffrey Bassett and Uday Kamath). 

 
2.3 Collaborative Activities 

 
Discussions were held with Scott Galster, Justin Estepp, and Charlene Stokes regarding 

AFRL work on trust in automation and cyber systems. In particular, we have discussed the 
possibility with Scott Galster of using the CyberNEX simulation platform for our studies on 
human trust in cyberspace. Finally, we are planning to submit a joint proposal with Scott Galster 
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on neuroimaging and oxytocin studies of human-automation trust to the basic research program of 
AFOSR on trust managed by Dr. Joseph Lyon. 

 
3. Project 3: Computational Analysis of Neural Mechanisms of Memory (Ascoli) 
 
3.1 Research 
 

During Year 2, the main activity under Project 3 consisted of advancing the main thrust of 
the “Hippocampome”, a knowledge base of neuron types in the mammalian hippocampus. The 
long-term goal of this effort is to collect sufficient quantitative information about hippocampal 
neurons to create a comprehensive real-scale neural network simulation with realistic connectivity 
and neuronal dynamics. The hippocampus is the brain region responsible for the consolidation 
and retrieval of autobiographic, episodic, declarative (conscious), and spatial memories. Thus, the 
Hippocampome constitutes a major focus of the aims of this CENTEC project. 

This year we had the first internal (alpha) release (version 0.8) of the morphological 
characterization of neurons. A total of 103 neuron types were characterized throughout areas 
CA3, CA2, CA1, subiculum, entorhinal cortex, and dentate gyrus. This initial characterization is 
fundamental because it allows the establishment of potential circuit connectivity by axon-dendrite 
overlap. We have developed the tools and approaches necessary to perform extensive graph-
theoretic network and motif analysis based on these data.  

In parallel, we began to characterize the molecular fingerprinting of these same neuron types 
in terms of a set of prominent biomarkers of wide interest, including calcium-binding proteins 
(parvalbumin, calbindin, calretinin), peptides (CCK, VIP, NPY, somatostatin), enzymes (nitric 
oxide synthase), and neurotransmitter receptor subunits (mGluR1, 5HT3). This biochemical 
phenotyping is important to estimate the number of neurons in each type (a key parameter for 
neural network simulations) through cell count in immunohistochemical preparations or in situ 
hybridization. 

The plans for Year 3 include the first public (beta) release of the Hippocampome data 
through a dedicated web portal. We secured the hippocampome.org domain name and finalized 
the conceptual design of the Hippocampome database schema. Next year we will import the 
morphological and molecular results into interactive web page functionality that will include 
search and browse capabilities. This year we will also complete the quality control of the existing 
data and will proceed to run the quantitative connectivity analysis. 

We are also co-organizing (together with leading researchers at UCSD, Oxford University, 
and the Medical University of Austria) an international invitation-only conference on 
hippocampus neuron types, with full funding by the Howard Hughes Medical Institute. The 
conference, to be held in November 2012 in Northern Virginia near George Mason University, 
includes the foremost experts on hippocampus neuron types, and it will be a golden opportunity to 
“crash-test” the first Hippocampome release and collect knowledgeable feedback. 

An additional component of Project 3 relates to the measurement of autobiographic 
memories from human subjects. Specifically, we designed two tests, named SPAM (spontaneous 
probability of autobiographic memory) and CRAM (cue-recalled autobiographic memory) to 
quantify frequency of occurrence of memories and their content in terms of the number of details 
remembered. We have submitted the first manuscript for publication based on results from the 
local college student population. Moreover, we are continuing to collect results from adults and 
elderly subjects. 
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3.2 Training 
 

This project supports one full time PhD student in Bioinformatics, Christopher Rees, who is 
engaged in the Hippocampome project. Moreover, partial tuition is provided for a second PhD 
student in biopsychology, Robert (Bob) Gardner, who is involved with the human memory study. 
Two additional graduate students are training with the Hippocampome team, but are not directly 
supported by CENTEC: David Hamilton, a neuroscience PhD student, and Sean Mackesey, a 
Bioinformatics Master student. Moreover, we are training a number of undergraduate interns in 
the “FAcility for MIning the LIterature” (FAMILI). These graduate and post-graduate trainees all 
work under the supervision of Dr. Ascoli 

 
3.3 Collaborative Activities 
 

Portions of this research involved a direct partnership with the Air Force Research 
Laboratory, Wright Patterson Air Force Base to access and utilize the “Raptor” supercomputer. 
Porting the network motif analysis code to this highly parallel architecture has reduced by a factor 
of 6,000 the computation time required for generating a statistically significant set of “equivalent 
random networks”. These are necessary as comparative controls for analysis of the hippocampal 
neuron type network of potential connectivity. Moreover, we have collaborated with Dr. Timothy 
Halverson at AFRL to prepare and submit an internal grant supporting the creation of a new 
AFRL intramural research project with a strong emphasis on neuroinformatics and cognitive 
modeling. The proposal is currently under consideration. 
 
4. Project 4: Emerging Cognitive Neuroimaging Techniques (Thompson) 
 
4.1 Research 
 

Four studies were carried out in Year 2 of this project area that focused on improving 
neuroimaging methods for examining the neural basis of cognition. A project using a novel 
method for multivoxel pattern analysis (MVPA) of fMRI data to examine the contribution of 
different visual cues to the processing of biological motion was completed and published 
(Thompson & Baccus, 2012). Pilot studies for a follow-up to this experiment were also 
conducted. Two studies using a new stimulus set designed to examine the role of attention in 
processing the motion of humans and objects were conducted. Lastly, a study was designed and 
completed that used MVPA to examine cognitive control in medial frontal cortex. The four 
completed studies are described below. 

In last year's progress report we described a study using a regression-based MVPA 
technique that can take advantage of spatial patterns of activity across voxels in order to 
discriminate between the activity of different neural populations to a compound visual stimulus. 
This study combined the MVPA method with careful experimental design and was able to 
demonstrate independent processing of form and motion cues in lateral occipitotemporal cortex 
during the processing of biological motion. During Year 2 this method was refined and improved 
and a paper was published in NeuroImage. We received considerable positive feedback about this 
paper from colleagues, including an invitation for a symposium presentation at the Asia-Pacific 
Conference on Vision in Seoul, South Korea in July 2012, and a nanosymposium at Society for 
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Neuroscience in New Orleans in November 2012. A pilot study using luminance contrast to 
manipulate the contribution of form and motion to the pattern of neural response to biological 
motion was also successful, and we will begin fMRI scanning on this protocol in Year 3. To 
consolidate some of the findings from this new technique, a methods paper is currently in 
preparation. 

We have developed an experimental paradigm to examine the role of attention in the 
processing of biological and non-biological object motion. We have successfully used this 
paradigm in studies that combine EEG and fMRI to examine temporal and spatial aspects of top-
down processing, as well as studies employing new methods for examining functional 
connectivity. During the past year, we further refined this experimental protocol in order to be 
able to characterize object motion category-specific regions in lateral temporal cortex on a single-
subject basis. We then conducted two fMRI studies examining potential mechanisms by which 
attention might act on these regions during perception. In one study, we first used this localizer to 
identify object motion category-specific brain regions in 11 participants. We then examined the 
hypothesis that attention is required for object motion processing when competing stimuli fall 
within the same spatial receptive field (RF) as the preferred stimulus. Our results supported this 
hypothesis, although there was some need for attention even when competing stimuli were 
presented in separated RFs. A second study examined whether top-down attention led to a 
preactivation of category-specific regions. This study used time-resolved fMRI methods in 16 
participants to examine if cuing the identity of an upcoming target stimulus led to increased 
neural activity prior to the onset of the stimulus. Data analysis in both projects is ongoing. 

In a fourth study, we used MVPA methods to distinguish between two proposed roles of the 
pre-supplementary motor area (PreSMA) in cognitive control. On the one hand, it has been 
argued that this region is a cognitive monitor, and is not selective to the nature of the required 
response. On the other hand, it has been argued that this region is involved in selecting different 
actions, but that standard fMRI methods lack sufficient spatial resolution. We scanned 16 
participants in a Go/No-Go paradigm and found that the overall neural activity in PreSMA did not 
differ between action conditions. However, an MVPA analysis revealed distinct neural patterns 
for each action, consistent with a role of this region in response selection. We are currently 
preparing a manuscript of this project for submission for publication. These findings show that 
our newly-developed MVPA method is superior to traditional fMRI analysis methods in revealing 
neuronal populations associated with specific components of cognition. 

Plans for Year 3 include 1) completion second study using the regression-based MVPA 
technique to examine the contribution of form and motion to biological motion, and the extension 
of this technique to audiovisual integration; 2) submission of manuscripts of the two studies 
examining the role of attention in the processing of biological motion; 3) submission of a 
manuscript on the MVPA study of PreSMA activity; 4) the design and conduct of a study 
combining MVPA methods and EEG/fMRI techniques developed in Years 1 & 2. This study will 
examine the rapid decoding of different biological motion actions using source localized EEG 
activity; 5) the completion of a methodological study outlining the regression-based MVPA 
technique will be completed.  
 
4.2 Training 

 
A graduate student, Ashley Safford, continued in her role as an “Air Force scholar.” Ms 

Safford is in the Ph.D. program in Neuroscience at George Mason University. She is working 
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under the supervision of James Thompson on fMRI and EEG studies of biological motion 
recognition. She has completed a project involving methods that integrate fMRI and EEG, and 
will continue to assist in the development of these methods in Year 2. In addition, post doctoral 
fellow John Fedota contributed to this area in Year 2 and will continue throughout Year 3. 

 
4.3 Collaborative Activities 
  

Collaboration with AFRL scientist James Christensen is planned for Year 3 as the 
neuroimaging capabilities at AFRL increase. 

 
5. Project 5: Interruptions and Multi-tasking (Boehm-Davis) 

 
5.1 Research 

 
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. 

During Year 2 of Project 5, we continued to develop a model that allowed us to capture 
known relationships between characteristics of interruptions and performance outcomes. We 
anticipate that the paper describing this model will be ready for submission to an archival journal 
early this fall. 

Also during this reporting period, we have continued our investigations into the factors that 
play a role in successful task resumption. Specifically, we have focused on issues surrounding 
complexity of the interrupting task. A paper describing this work was recently submitted to an 
archival journal for review. In addition, we expanded our work exploring the measurement of 
“overall quality.” Most interruptions research has been focused on the time required to resume a 
task and errors made at the point of resumption on tasks that do not require significant integration 
of information over time. However, many decisions or products that people care about in the 
workplace have this characteristic. For example, in a military setting, it is likely more important 
that an operator make the correct decision about whether observed threats in an environment 
signal an attack than about whether that decision is made in 5 versus 8 seconds (although timing 
can also be important).  In business settings, the quality of a report is likely more important than 
whether it took the individual writing it 2 hours, or 2 hours and 10 minutes.  A similar case can be 
made in academia; the quality of the final paper is more important than the amount of time it took 
the student to write it. We began to explore questions such as these a year ago, and submitted a 
manuscript describing this work to an archival journal. Since then, we have continued exploring 
these questions, and some interesting results are starting to emerge. In the next year, we intend to 
continue these explorations and continue to submit manuscripts describing the work to journals. 

In the area of multitasking, we began examining multitasking performance and eye gaze 
patterns to provide some insight into the relationship between different tracking strategies and 
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task performance. We have been particularly interested in the extent to which individuals of 
different ages use different strategies in performing multiple tasks simultaneously. We have just 
completed our initial data collection and written a preliminary report on our findings. We hope to 
expand that work in the coming year and submit the manuscript describing the work to a journal. 

In the coming year, we also anticipate collecting data to examine the relative usefulness of 
2-D versus 3-D cueing of locations to help guide participants to gauges that need to be attended. 
This work is being done in conjunction with personnel at AFRL. Although we had anticipated 
completion of one study by this point in time, equipment malfunctions prevented timely data 
collection. We have now resolved our equipment issues and we plan to begin data collection in 
earnest when students arrive back on campus this fall. 

 
5.2 Training 
 

Two doctoral students in the Ph.D. program in Human Factors and Applied Cognition, 
William (Bill) Miller and Nicole Werner, have been working under the supervision of Deborah 
Boehm-Davis over the past year. Bill’s focus is on multitasking while Nicole’s is on interruptions. 
Bill came to Mason with support from the SMART program, and he spent the summers of 2011 
and 2012 at AFRL in that capacity. Although his primary duties during the summer are not on 
CENTEC projects, he has met with Drs. Gloria Calhoun, Paul Havig and Eric Geiselman to 
continue our CENTEC research collaborations. In addition, doctoral candidate Erik Nelson has 
decided to focus his dissertation work on issues surrounding interruptions. He has now collected 
data for two of his three planned experiments and he hopes to graduate in the coming academic 
year.  
 
5.3 Collaborative Activities 
 

During Year 2, our research team continued our collaboration with Paul Havig and Eric 
Geiselman regarding use of their 3-D (and simulated 3-D) version of the AF-MATB. We also are 
developing a relationship with Dr. Gloria Calhoun and members of her team (including Terry 
Stanard) to do some collaborative work examining interruptions using a military-related task. In 
this work, we are teaming with AFRL to use imagery that they are generating to present more 
realistic representations of decisions soldiers would need to make, recognizing threats in street 
scenes and making decisions about what action to take. 

 
6. Project 6:  Multimodal Cognition (Baldwin) 

  
6.1 Research 
 

This Project area was redefined from Year 1, mainly based on interactions with researchers 
at the Human Effectiveness Directorate at AFRL. While auditory cognition was an initial point of 
contact with the AFRL scientists, further interaction and discussions lead to a redefinition of the 
area as involving both auditory and other non-visual sensory modalities, and hence the Project 
area was renamed Multimodal Cognition. 

During Year 2, our research team conducted 8 studies in this Project area.  The first two 
were a continuation of a major theme from Year 1—that of determining equivalent saliency and 
urgency of signals within and across sensory modalities.  Another two studies were a continuation 
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of research initiated at AFRL that examined the feasibility and effectiveness of tactile 
navigational cueing.  The final 4 experiments were aimed at addressing the potential need to 
implement a standardized set of distinctive auditory warnings for critical system states.  
Specifically, these experiments provide further evidence of delayed responding (negative transfer) 
when operators grow accustomed over time to a particular auditory warning and then experience a 
warning with different acoustic characteristics that are designed to represent the same event.  
Each of these experiments and the major results are summarized below.    
 
Multimodal Urgency Coding Series 
 
Urgency Ratings of Bimodal Stimuli Under Low Context. 
 A magnitude estimation experiment comparing perceived urgency of bimodal signals was 
conducted.  26 participants rated Audio-tactile, visual-tactile, and audio-visual signals for 
perceived urgency, annoyance and acceptability.  The highest ratings and greatest range of ratings 
were obtained for the audio-tactile combination. These bimodal are being compared to the 
multiple series of unimodal scales developed in Year 1 and serve to further populate the database 
for a Research/Design Tool designed to facilitate equating of stimuli saliency and urgency across 
modalities and modality combinations.     
 
Crossmodal matching. 

An experiment involving 31 participants performing crossmodal matching was conducted.  
The experiment was designed to examine the validity of the psychometric functions obtained in 
the series of unimodal experiments completed in Year 1.  Stimuli varied by modality (visual, 
auditory, and tactile) and parameter (7 in total).    Parameters included were auditory frequency, 
auditory intensity, auditory inter-pulse interval, visual color, visual inter-pulse interval and tactile 
inter-pulse interval.  Participants were presented a reference (a sound of a certain intensity and 
pulse rate) and were asked to match by method of adjustment a stimulus in another modality 
(tactile interpulse interval).  Psychometric functions obtained with the crossmodal paradigm 
closely resembled those obtained with unimodal magnitude estimation thus providing support for 
the validity of the results obtained in Year 1.   
 
Tactile Navigation Cueing Series 
 Two experiments were conducted to examine the intuitive mapping of vibrotactile signals 
with distance.  Specifically, participants were seated in a driving simulator and were presented 
vibrotactile signals varying by location in the seat pan (e.g., towards the knee versus directly 
under the buttocks) and interpulse interval alone and in combination were examined.  In the first 
experiment participants experienced each of the combinations and simply indicated which of six 
forward roadways they thought the signal represented (e.g., immediate turn, turn in several 
blocks).  A redundant cue of a slow interpulse interval presented at the knee best represented a 
distant turn while a fast interpulse interval presented at the buttocks was perceived by a 
significant majority of people to represent the need to make an immediate turn.      
 In the second experiment, participants were asked to driving a simulated vehicle through a 
novel route following cues presented via the vibrotactile system.  Results of the second 
experiment are still being analyzed.  Analyses to date indicate strong individual differences in the 
ability to learn routes traversed while receiving navigational cues from auditory or tactile systems 
and indicate that cues based on interpulse interval (slow versus fast) lead to better retention of 
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routes and better memory for the traversed spatial environment relative to cues using redundant 
(location and interpulse interval).   
 
Distinctive Alarms 
 Two experiments were run to examine what acoustic characteristics contribute most to the 
formation of a sound category.  Spectral, temporal, pattern, and complexity of sounds were 
systematically varied and participants were asked to make paired comparisons.  Data were then 
analyzed using hierarchical cluster analysis.   Though each acoustic factor plays a role, temporal 
and pattern characteristics appear to dominate perceptions of category membership.  This 
knowledge was then used to design a pair of “Distinctive Alarms” that were used in a subsequent 
collision avoidance driving simulation experiment.   
 
Standardization of Alarms 
 A driving simulation experiment involving 90 participants on three separate days each was 
conducted to examine the potential safety benefit of having a standardized sound as a collision 
avoidance alarm.  Participants drove through three routes per day for three days.  During each of 
the drives one potential collision event occurred.  There were 6 groups in a mixed design.  Except 
in the no warning control condition, participants heard one alert (Alert A or B) for each route for 
the first two days.  Then, on day three for three groups the alarm was switched to one previously 
never heard.  For two groups it was switched from Alert A to B.  For another group it was 
switched from A to A2 (a sound sharing distinct characteristics with sound A as determined in the 
previous experiment).  Results are still being analyzed on this project but preliminary analyses 
indicate that people exposed to the same alarm across all three days continue to respond to 
signaled events faster.  However, for participants hearing a unique alarm for the first time, a 
performance cost is observed in terms of increased response time.   

Planned research activities for Year 3 include completion of the Multimodal Urgency 
Coding Series.  Specifically, we will compare Bimodal vs. unimodal stimuli under varying 
cognitive load.  We also plan to conduct an investigation examining perceived urgency scaling of 
vibrotactile signals presented at different locations on the body (e.g., seat pan, waist, arm, 
shoulder strap).  We will further examine the issue of a potential need for standardization of 
warnings, extending this work to the tactile modality.  Importantly, we have also begun a series of 
collaborative investigations with AFRL personnel that is facilitated specifically by Nandini Iyer’s 
presence as a visiting scientist at GMU during the summer of 2012.  One experiment has already 
been designed and planning for two others which will be run during the Fall semester are 
underway.  Further, behavioral data for one experiment previously run at GMU will be collected 
at AFRL and data for another study previously conducted at AFRL will be conducted at GMU 
with the addition of neurophysiological measures.   
 
6.2 Training 
 

Six doctoral students, Andre Garcia, Nick Penaranda, George Buzzell, Jesse Eisert, Jane 
Barrow and Dan Roberts and five master’s students, Bridget Lewis (who will be in the Ph.D. 
program in Year 3), Christian Gonzalez, and Stephanie Pratt, Josh Brown, and John Payne 
worked on these projects. Of these, Andre Garcia, Nick Penaranda, and George Buzzell were 
funded under CENTEC. 
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Though all students discussed and participated in many aspects of each of the projects,  
certain students have had more of a key role in specific projects.   George Buzzell played a lead 
role on the Auditory Stroop series.  Andre Garcia primarily worked on the Tactile navigation 
series and Nick Penaranda primarily worked on workload classification projects related to Project 
7, as well as the Blind navigation project which has begun but will have greater emphasis in Year 
3.  Jesse Eisert played a key role on the Standardized Alarm investigation.  Bridget Lewis played 
a key role in the Multimodal Urgency Coding series and Christian Gonzalez primarily worked on 
the Distinctive Alarm series and the Standardized Alarm investigation.  Jane Barrow played a key 
role in the Music and Spatial Cognition experiment.  Further, Nick Penaranda, George Buzzell, 
and Dan Roberts have played a major role in training other students in EEG data collection and 
analysis techniques and Nick is currently a summer intern at AFRL. 
 
6.3 Collaborative Activities 
 
The following collaborative activities with AFRL scientists took place over Year 2.  
a) A joint submission between AFRL scientists Victor Finomore and Joel Warm and GMU 

CENTEC faculty Carryl Baldwin to the Human Factors conference. 
b) AFRL scientist Nandini Iyer is a visiting scientist at GMU during the summer of 2012, 

facilitating several cross lab collaborative projects that are underway. 
c)   Monthly research meetings were held throughout the academic year between GMU scientist, 

Carryl Baldwin and her students and AFRL scientists, Nandini Iyer, Brian Simpson, and 
Victor Finomore. 

d) Andre Garcia spent the summer of 2011 at AFRL and the work he conducted there with 
Victor Finomore continues to be a source of collaborative discussions and potential 
publications.   

e) Nick Penaranda is currently spending the summer of 2012 at AFRL.   
1. .   
 
7.  Neuroadaptive Systems (Shaw, Baldwin) 
 
7.1 Research 

 
During year 2, a total of three studies were completed in Project area 7.  The focus of the 

research is on diagnostic monitoring of cognitive workload using Transcranial Doppler 
Sonography (TCD) and Electroencephalography (EEG) to measure, classify, and predict 
performance capability for use in neuroadaptive systems.  Three peer-reviewed journal articles 
have been published and three additional articles have been submitted, all of which feature 
personnel from both GMU and AFRL as co-authors.  

The first study examined the feasibility of using Transcranial Doppler Sonography (TCD) to 
measure cognitive workload transitions during the supervision of unmanned aerial vehicles 
(UAVs) in long-duration tasks. A previous study (Shaw et al. 2010) showed that as task load was 
unexpectedly varied, cerebral blood flow velocity (CBFV) paralleled increasing performance 
demands but remained high when task load was subsequently decreased. These findings pointed 
to a possible “hysteresis” effect in operator workload. To further test the possibility that CBFV 
can be used to measure operator workload, a follow-up study was conducted.  Twenty participants 
performed two 30-minute scenarios.  In one group, enemy threats increased once late in the 
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simulation, and in another group enemy threats increased at two points; once early and once late 
within the simulation. All participants completed a comparison condition in which there was no 
variation in the number of incoming enemy threats. Performance was assessed by the ability of 
the operator to protect a no-fly zone from enemy incursion.  Subjective mental workload was 
assessed using the NASA-TLX and physiological workload was assessed using TCD.  Results 
showed that as performance decreased during periods of high load, CBFV was increased, and 
there was a close parallel between the CBFV and performance measures in all experimental and 
comparison conditions. Additionally, the NASA-TLX was insensitive to detecting differences in 
workload between the different conditions, highlighting the limitations of subjective measurement 
techniques.  The results suggest that the CBFV measure is 1) capable of assessing workload 
during the performance of dynamic tasks and 2) shows that the measure may be an indicator of an 
operator’s ability to “mobilize” cognitive resources for task performance. This study, led by Kelly 
Satterfield, was completed this year and will be presented at the 4th International conference on 
Applied Human Factors and Ergonomics to be held in San Francisco in July. 

The second completed study was an examination of the workload associated with using 
spatialized auditory display during a vigilance task using the Multi-modal communication device 
(MMC; Finomore, 2010), which has been recently developed at the Human Effectiveness 
Directorate at AFRL. A common problem confronting the operators of Airborne early Warning 
and Control (AWACs), a mobile radar aircraft platform that is used to counter enemy attacks and 
direct armed forces in the air and on ground, are the taxing communication requirements 
involved, due to the fact that operators must monitor up to eight channels.  The MMC has been 
developed as a method of enhancing critical message intelligibility and mitigating cognitive 
workload.  Of primary interest in this investigation was comparing performance/workload 
associated not only with spatialized displays, but to determine the extent to which extensive 
training can mitigate workload. Using a between-subjects design, twenty-eight participants either 
served in the spatialized audio (n = 14) or monaural radio conditions (n = 14) in which they had to 
detect critical messages while multiple speakers were transmitting across a single channel.  Eight 
of these participants received fourteen hours of training on the task at WPAFB, while the 
remainder of the participants received 10-minutes of training at GMU.  Results show that 
performance was enhanced in the spatialized audio condition, and CBFV was elevated to a greater 
extent in the more demanding monaural radio condition as compared to the spatial audio 
condition. While there was no performance difference between the well-trained group and novice 
groups, there was no change from resting baseline in the well-trained group, whereas in the 
novice group there was significant elevation in CBFV.  Both results are consistent with a resource 
account of vigilance, and also suggest that the CBFV measure can be used to diagnose the degree 
of “free-capacity” among individuals, perhaps identifying those operators who are capable of 
performing multiple tasks.  This study was a joint effort between Tyler Shaw and Victor 
Finomore.  A portion of this study has been accepted for presentation at the Human Factors and 
Ergonomics Society for this fall, and the study in its entirety has been submitted to the journal 
Ergonomics for publication.   

The third study examined workload classification accuracies stemming from an artificial 
neural network (ANN) trained on EEG activity (Baldwin & Penaranda, 2012).  The goal was to 
achieve high cross-task classification accuracies among persons with little prior experience on a 
given task with minimally invasive neurophysiological equipment.  This goal must be achieved if 
we are to use real-time workload classification methods to enhance computer based training 
(Baldwin, Coyne, & Christensen, in press).  Naïve participants performed three different complex 
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working memory tasks each at low and high difficulty levels.  The tasks included a spatial n-back 
task, a Sternberg memory search task, and a Reading span task.  A low density electrode array 
recorded EEG activity throughout.  Off-line ANNs were trained on portions of the collected data 
and then used to classify remaining portions of data from the same and different tasks.  High 
within task classification accuracies were achieved.  This result is unique in the literature due to 
the fact that participants were not given extensive practice on the to-be-classified tasks and only a 
few channels of EEG were used to train the ANN.  Cross-task classification accuracies however 
approached chance levels.  We reasoned that the low classification results may have stemmed 
from tonic changes in neurophysiological state due on-going task performance or the fact that 
each of the complex working memory tasks may have required different types of processing.  

A second experiment was conducted in an attempt to improve cross-task classification 
accuracies (Penaranda & Baldwin, in press).  Two alternative explanations for the low cross-task 
classification accuracies were examined – time and task.  In an effort to examine the influence of 
time, each task was performed twice with a separation of at least 20 minutes between.  Three 
versions of an n-back task were presented, each at three difficulty levels.  Each of the tasks 
utilized the same stimuli but varied as a function of directions, one requiring spatial memory, 
another requiring verbal memory and the third task requiring both.  A similar low density 
electrode array was used to record EEG throughout and portions of each task in each block were 
used to train and then validate the ANN as in the previous experiment.  Within task classification 
accuracies were again high within each block.  However, both cross-task and cross-block (time) 
classification accuracies approached chance levels.  Though disappointing, these results are 
informative and indicate that methods of accounting for tonic changes in the on-going 
neurophysiological signal are needed to overcome spurious classification results.  We are 
currently examining a number of candidate algorithms.   

In addition to the aforementioned completed studies, two other studies are currently 
ongoing.  The first is an examination of the way in which observers regulate effort during a 
vigilance task as a function of changes in extrinsic motivation. This study, led by Raul Ramirez, 
was begun last year and is nearing completion. The second study currently underway is 
examining individual differences in the extroversion personality trait and the manifestation of that 
variable on CBFV response.  Plans for year 3 include 1) design and execution of a study 
examining whether the CBFV measure can be used to predict performance in a task in which 
operators have to control multiple unmanned aerial vehicles; 2) completion of data collection and 
analysis of the ongoing studies; 3) submission of the TCD/unmanned aerial vehicle study for 
publication in a journal; 4) continued development of on-line workload classification methods 
with a focus on those that can account for tonic changes in workload as a function of time-on-task 
and that are increasing less invasive and noncontact (e.g., pupilometry, voice, and posture 
analysis).   

 
7.2 Training 

 
Three doctoral students, Kelly Satterfield, Raul Ramirez, and Nick Penaranda entered the 

Human Factors and Applied Cognition program in Fall 2011 and have been working on CENTEC 
related projects.  Kelly has taken the lead on projects evaluating the workload of the MMC and 
has been instrumental in facilitating the collaborative efforts between Tyler Shaw and Victor 
Finomore.  Raul Ramirez has been carrying out studies further examining the vigilance/CBFV 
relation, including the effects of extrinsic motivation on vigilance performance. Nick Penaranda 
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has been examining cross-task workload classification driven by EEG and is currently a summer 
intern at AFRL. 

 
7.3 Collaborative Activities 

 
The following collaborative activities with AFRL scientists took place over Year 2.  

1. A joint submission between AFRL scientists, Matt Funke, Victor Finomore and Joel Warm 
and GMU CENTEC faculty Tyler Shaw and Raja Parasuraman to the journal Brain and 
Cognition. 

2. A joint publication between GMU CENTEC faculty Tyler Shaw and AFRL scientists Victor 
Finomore and Joel Warm in the Journal of Clinical and Experimental Neuropsychology. 

3. A joint submission between AFRL scientist Victor Finomore and GMU CENTEC faculty 
Tyler Shaw to the journal Ergonomics. 

4. A project has been developed and is currently underway examining the potential performance 
gains and decreased workload that accompanies the use of redundant displays.  This project is 
being led by Kelly Satterfield and is a collaborative effort with Victor Finomore. 

5. Emerging collaborations between Greg Funke (AFRL) and Tyler Shaw (GMU) who are trying 
to derive a conceptual framework for “team ergonomics”.  

 
8. Project 8: Training the Brain (Greenwood, Parasuraman) 

 
 In Year 2, our efforts in Project 8 were aimed at investigating the neurocognitive bases of 

cognitive training effects, specifically focused on the role of prefrontal cortex (PFC) in successful 
training, and in the use of transcranial direct current stimulation (tDCS) to accelerate learning and 
enhance performance. A total of four studies were completed under Project Area 8, with a fifth 
currently in progress. 

 
8.1 Research 
 
Study 1. Effects of Videogame Training on Cognition and Functional Brain Connectivity. 

 
We found that cognitive training improved reasoning and problem solving and also exerted 

specific effects on cortical connectivity. Participants were randomly assigned to a control 
condition (waitlisted controls were scanned and tested before and after 6 weeks with no contact) 
or to 6 weeks of one of three training conditions:  Space Fortress (fast-paced complex game 
requiring resource management, found previously to facilitate fighter pilot training; Rise of 
Nations (slow-paced strategy game, found previously to transfer to non-verbal IQ); Posit Brain 
Fitness (auditory and verbal discrimination, found previously to transfer to auditory cognition). 
Before and after control or training conditions, participants were scanned (fMRI resting state and 
sMRI, including MPRAGE and diffusion tensor imaging) and administered a battery of 
standardized tests.  

 

Fig. 8.1. Transfer of 
training effects. A (left). 
Everyday Problems Test 
(EPT). B (right). Word 
Series reasoning test 
(WLC=waitlisted controls). 
contrs). 
Word Series test (WLC = 
waitlisted controls). 
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The Rise of Nations group improved in accuracy on everyday problem solving (Figure 8.1A) 
and a reasoning task (Figure 8.1B). The Space Fortress group also showed benefits on speed of 
responding on everyday problems, but did not show brain change. The auditory discrimination 
task (Posit) showed no effect on brain or behavior.  

Brain changes related to training were assessed in the functional connectivity of the brain's 
resting state network. We obtained whole brain resting state connectivity maps from a seed in 
posterior cingulate (PCC) in the “default mode network”. Following Rise of Nations training, we 
found a significant change in the magnitude of the seed’s correlation with dorso-medial PFC 
(dmPFC) (Fig. 2A), a region associated with abstract strategic thinking in the service of cognitive 
control (Venkatraman et al., 2009). Because use of new strategies is necessary to improve Rise of 
Nations performance, these dmPFC connectivity changes after training suggest that cognitive 
control was improved by training. 

 To better understand this functional change, correlations 
were assessed between the dmPFC correlation time course and 
neuropsychological measures. Significant positive correlations were found between the change in 
dmPFC connectivity and post-training Word Series (reasoning), and pre-post-training changes on 
WAIS Matrix Reasoning. These findings support the interpretation that dmPFC connectivity 
changes reflect not only improved concrete decision making after Rise of Nations training but 
also improved abstract strategic thinking. No connectivity changes were seen with the other 2 
training tasks or with seeds placed in the dorsal attention network. Mean diffusivity (MD) also 
changed with training. Whole-brain correlations revealed that better accuracy on the Everyday 
Problem Test was associated with better white matter integrity (lower MD) in a fronto-parieto-
temporal network after training (Fig. 8.2B). This association was significant only post-training, 
suggesting a stronger reliance of reasoning and problem solving ability on fronto-parietal and 
temporal white matter after cognitive training. Overall, effects of Rise of Nations training were 
(a) selective in that only reasoning and problem solving ability improved (Fig. 8.1) and (b) 
consistent in that the improvement occurred in concert with increased connectivity in regions 
associated with strategic decision-making (Fig. 8.2). The other two training tasks showed weaker 
or no effects. These findings show that assessing intrinsic connectivity can inform interpretations 
of training-related cognitive change. 

 
Study 2. Effects of Frontal Cortical Stimulation on Learning and Retention of a Complex 
Perceptual Task. 
 

Transcranial Direct Current Stimulation (tDCS) provides a non-invasive brain stimulation 
technique that has the potential to accelerate learning and enhance performance on complex tasks. 
tDCS uses small DC electric currents (typically 1 to 2 mA) that are applied to the scalp. The 

Figure 8.2 (A, left) Rise of 
Nations training increased 
connectivity between posterior 
cingulate (PCC) and dorso-
medial prefrontal cortex 
(dmPFC); (B, right) Mean 
diffusivity (MD) in left 
posterior parietal, postcentral, 
superior temporal, and right 
prefrontal white matter was 
associated with more accurate 
Everyday Problems Test 
(EPT).  
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technique is considered to be safe for experimental use in healthy subjects for up to about 30 
minutes of stimulation (Biksom et al., 2009). tDCS is thought to affect  brain function by inducing 
small changes in the resting membrane potential of neurons, so that they fire more readily to input 
from other neurons. In vitro studies have shown that DC stimulation of rat hippocampal slices at 
low current levels decreases the threshold for neuronal firing (Biksom et al., 2004).   

tDCS has been shown to enhance performance in different perceptual, cognitive, and motor 
tasks (Utz et al., 201). However, additional questions must be addressed before a firm conclusion 
can be reached on the training potential of tDCS. One issue that needs further examination in 
tDCS studies, especially those involving perceptual detection tasks, is whether brain stimulation 
enhances perceptual sensitivity as opposed to making participants more liberal or conservative in 
responding. The latter could result from non-specific changes in arousal, which can influence 
response bias. For example, if tDCS only shifts response bias in a liberal direction so that 
participants are more likely to respond positively in a detection task, the hit rate will increase, 
even though there may be no change in the participant’s ability to detect the target. Thus, it is not 
known whether tDCS can enhance perceptual sensitivity independently of non-specific, arousal-
linked changes in response bias, nor whether any such sensitivity benefit can be retained over 
time.  

In this study, we therefore examined the influence of stimulation of the right inferior frontal 
cortex using tDCS on perceptual learning and retention in 37 healthy participants, using signal 
detection theory to distinguish effects on perceptual sensitivity (d’) from response bias (ß). 
Participants learned to perform a complex military threat detection task either under active tDCS 
or sham stimulation. Anodal stimulation of right inferior frontal cortex with 2 mA increased d’, 
compared to a 0.1 mA sham stimulation control, with no effect on ß. On completion of training, 
participants in the active stimulation group had more than double the perceptual sensitivity of the 
control group. Furthermore, the performance enhancement was maintained for 24 hours. The 
results show that tDCS augments both skill acquisition and retention in a complex detection task 
and that the benefits are rooted in an improvement in sensitivity (d’), rather than changes in 
response bias (ß). Stimulation-driven acceleration of learning and its retention over 24 hours may 
result from increased activation of prefrontal cortical regions that provide top- down attentional 
control signals to object recognition areas. This study was recently published in PLoS One 
(Falcone et al., 2012). 
 
Study 3.  Regionally-specific Effects of tDCS on Task Acquisition 
 

Study 2 showed that tDCS to prefrontal cortex (PFC) heightened perceptual sensitivity 
without affecting response bias and persisted for at least 24 hours. In Study 3 we sought to further 
explore both the basis for this effect and its breadth. We asked whether a task that usually cannot 
be mastered in a 1-hour training session could be learned in one session with tDCS.  We chose 
Space Fortress, based on prior evidence that it facilitated fighter pilot training (Gopher, Weil, & 
Bareket, 1994).  We administered the task with “emphasis change” training in 33 young right-
handed adults randomly assigned to 30 min of: (a) 0.1 mA sham stimulation; or (b) 2 mA of 
anodal stimulation to the right PFC; or (c) 2 mA of anodal stimulation to the right motor cortex 
(M1) (cathode on left arm).  There were selective effects of PFC stimulation on ship control, but 
not on velocity, missiles fired, or total points. The PFC simulation group improved faster over 
sessions compared to the sham group, who showed no improvement (Figure 8.3, p<.05). The only 
significant effect of M1 stimulation was on number of missiles fired, but that was seen only while 
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the stimulation was turned on, suggesting a local, motor effect. Effects of Sham and M1 
stimulation did not differ significantly on ship control. These results indicate some specificity in 
tDCS effects, with PFC, but not M1, stimulation expediting rate of learning executive control of 
the game and heightening retention after a 1 hour delay. Therefore, despite current spread beyond 
the location of the electrode, effects of tDCS were exerted fairly specifically on the cortex under 
the anode. Importantly, learning only occurred over the 12 sessions when PFC was stimulated 
with tDCS (Strohl, Greenwood, Lindgren, & Parasuraman, 2012). 

 
 
 

 
 

 
 
 
 
 
 

 
 
Results of Studies 1 and 2 converge in showing the importance of PFC in training effects.  In 

Study 1, connectivity changes related to training were specific and discrete – being seen most 
strongly in dorsomedial PFC. In Study 2, effects of tDCS were also specific – stimulation of PFC 
facilitated learning of one aspect of a complex task while stimulation of nearby M1 did not. As 
this suggests that involvement of PFC is important in successful training, the next step is to 
determine which of the functions mediated in PFC are important in successful training. 

Year 3 Plan. The goals in Year 3 are to (a) investigate the elements of cognition that are 
important for successful cognitive training and transfer of training and (b) investigate brain 
changes common to successful cognitive training. Identification of the time course and order of 
training-related cognitive and brain changes could be used as a metric of the progress of training, 
showing how connectivity change may presage white matter change and cognitive change. Such a 
metric could inform the design of training regimens to reduce the duration of training needed for 
skill acquisition and/or enhance the durability and transferability of training effects. Finally, 
identification of the specific structures involved in training can provide insight into the 
mechanisms of brain training.  
 
Study 4. Development of training effects: Effect of 2 months of intensive WM training on 
functional connectivity and white matter integrity.  

 
This study was initiated in April 2012.  We are seeking to understand those cognitive 

elements important in successful training effects. There is evidence that working memory (WM) 
and executive function are fundamental to intelligence (Duncan et al., 2004) Based on evidence 
that adaptive WM training increased: (a) D1 receptor binding (McNab et al., 2009); (b) activation 
in middle frontal gyrus, parietal cortex (Olesen et al., 2004); (c) FA in white matter adjacent to 
IPS and in genu of CC (Takeuchi et al., 2010); and (d) transfer of training effects to fluid IQ 
(Jaeggi et al., 2008), we hypothesized that training WM will reveal a relation between change in 

Fig. 8.3. Progress in learning ship control in 
Space Fortress as a function of presence and 
location of tDCS . 
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intrinsic connectivity and white matter integrity. This study seeks to develop a metric of the 
progress of training, i.e. the nature and order of brain changes which accompany cognitive 
change. 

Young native English-speaking right handed participants were engaged in a study of adaptive 
working memory training, with neuroimaging and cognitive assessment before, during and after 
training. Following a practice session, cognitive assessment and a pre-training scan was 
conducted, as detailed below. Then training was initiated for 8 weeks.  This involves 1.5 hours of 
training a day, 6 days a week, with three of those sessions/week supervised in our laboratory. 
Participants emailed their scores in daily so that progress can be checked. Training is described 
below.  During the 4th week, a mid-training cognitive assessment and scan were performed.  At 
the end of the 8th week, a post-training cognitive assessment and scan were performed.   

Following a 1 s fixation cross, from 1 to 5 black target dots (.67o) appear one at a time in a 
4x4 grid for 100 ms each. After the last dot, participants make a mouse click to indicate the 
location of each dot in the order in which they appeared. The number of targets increases by one 
when the participants answer correctly, and decreases by one when participants fail to answer 
correctly three times in a row. 

We acquired: (a) Diffusion Tensor Imaging (DTI) data to assess training-related changes in 
white matter integrity; (b) BOLD functional connectivity MRI scans at rest to measure changes in 
functional connectivity (fcMRI) in the default and dorsal attention networks; (c) BOLD fMRI to 
assess changes in brain activation during an attention-guided working memory task (Strenziok, 
Greenwood, McGarry, Thompson, & Parasuraman, 2011). Task-related BOLD activations will 
further be submitted to dynamic causal modeling to assess changes in the effective strengths of 
task modulated causalities between brain regions associated with cued spatial working memory 
processing. This study is ongoing and will be completed Fall 2012. 
 

Study 5. Comparing effects of WM training with effects of tDCS to prefrontal cortex.  
 
 This study was initiated in June, 2012.  Evidence from Studies 1 and 3 (above) implicated 

PFC in successful training effects. We hypothesized that WM processes, known to be mediated in 
PFC, are important to training effects due to the need to integrate and organize new information 
during training. 

We are testing this hypothesis by comparing effects of two manipulations of PFC: (a) WM 
training and (b) tDCS applied to PFC. We selected the Balloon Analog Risk Task (BART), based 
on imaging evidence that decision-making in the task was associated with neural activity in the 
right dorsolateral PFC (dlPFC) (Rao et al., 2008) – a region specifically linked with ability to 
organize items of information in WM (evidence reviewed in (Blumenfeld & Ranganath, 2007)). 
This includes the region of increased connectivity after training in Study 1. Young, right-handed 
adults are tested on the Raven’s Progressive Matrices before and after one of the following 
randomly assigned conditions: (a) WM training (adaptive spatial WM task) followed by sham (.1 
mA) tDCS during the BART task; (b) sham WM training (low-level non-adaptive WM task) 
followed by standard (2mA) tDCS to PFC during the BART task); (c) sham WM training (low-
level non-adaptive WM task) followed by standard (2mA) tDCS to M1 during the BART task).  
If, as we hypothesized, processes of WM that are mediated in dlPFC are fundamental to cognitive 
training effects, then the two manipulations should exert similar effects on the BART task.  When 
considered together with Study 1, such a result implicates the processes associated with dlPFC  -- 
organization of information that is active in working memory (Blumenfeld & Ranganath, 2007) – 
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with successful training that transferred to problem solving and reasoning.  This knowledge 
would allow design of more effective and targeted training tasks. 

 
8.2 Training  
 

Post-doctoral fellow Maren Strenziok conducted and supervised analyses of the structural 
imaging data.  Data collection in Study 1 was managed by doctoral student Ellen Clarke and 
Master’s student Brittany Sarbone. Study 2 was conducted by doctoral student Brian Falcone. 
Dean Cisler, recently admitted to the Masters program in Human Factors and Applied Cognition, 
conducted much of the resting state analyses under Dr. Strenziok’s supervision. Doctoral student 
Ryan McGarry and Master’s student Dean Cisler are responsible for the behavioral data analysis 
in that study.  Data collection in Study 3 was carried out by Master’s student Jon Strohl and 
undergraduate Erin Lindgren.  Data collection in Study 4 is being supervised by Dr. Strenziok 
(imaging) and Brittany Sarbone (behavioral) and carried out in part by undergraduate Sophia 
Santacruz. Data collection in Study 5 is being carried out by Brittany Sarbone. 

 
8.3. Collaborative Activities 

 
During Year 2 we had collaborative discussions with Andy McKinley of the Human 

Effectiveness Directorate and with Jeremy Nelson of Booz Allen Hamilton, who is a contractor 
doing tDCS research with Dr. McKinley. A joint publication with Drs. McKinley and Nelson on a 
tDCS study of vigilance, conducted at AFRL, has been submitted for publication. 
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9.  Publications and Presentations  
 

CENTEC faculty, postdoctoral fellows, graduate students and AFRL scientists shown in 
bold). Joint GMU/AFRL co-authored articles and presentations shown in yellow highlight). 
 
9.1 Summary 

 
Peer-Reviewed Journal Articles: 22 
Journal Articles Submitted: 7 
Conference Proceedings: 7 
Books and Book Chapters: 13 
Presentations: 49 
 
9.2 Peer-Reviewed Journal Articles 
 
1. Ascoli, G. (2012). Potential connectomics complements the endeavor of “No Synapse Left 

Behind” in the cortex. Invited Perspective. Journal of Physiology, 590(4) :651-652. 
2. Baldwin, C. L. (2011).  Verbal collision avoidance messages during simulated driving: 

perceived urgency, alerting effectiveness, and annoyance.  Ergonomics, 54(4), 328-337. 
3. Baldwin, C. L., & Ash, I. K. (2011). Impact of sensory acuity on auditory working memory 

span in young and older adults. Psychology and Aging, 26(1), 85-91. doi: 10.1037/a0020360 
4. Baldwin, C. L. & May, J. F.  (2011).  Loudness interacts with semantics in auditory warnings 

to impact rear-end collisions, Transportation Research Part F:  Traffic Psychology and 
Behavior, 14(1), 36-42.   

5. Baldwin, C. L., Eisert, J. L., Garcia, A.J., Lewis, B., Pratt, S. M., & Gonzalez, C.  (2012).  
Multimodal urgency coding:  Auditory, visual, and tactile parameters and their impact on 
perceived urgency.  Work: A Journal of Prevention, Assessment and Rehabilitation, 41, S1, 
3586-3591.  DOI:  10.3233/WOR-2012-0669-3586.     

6. Baldwin, C. L., & Penaranda, B. N. (2012).  Adaptive training using an artificial neural 
network and EEG metrics for within- and cross-task workload classification. NeuroImage, 
49(1), 48-56, DOI: 10.1016/j.neuroimage.2011.07.047.  

7. J. Bassett, U. Kamath & K. De Jong. (2012). A New Methodology for the GP Theory 
Toolbox, Proceedings of the Genetic and Evolutionary Computation Conference, pp. 719-
726, Philadelphia, PA, ACM Publications. 

8. Cades, D. M., Boehm-Davis, D. A., Monk, C. A. & Trafton, J. G. (2011). Mitigating 
Disruptive Effects of Interruptions through Training:  What Needs to be Practiced? Journal of 
Experimental Psychology: Applied, 17(2), 97-109. doi: 10.1037/a0023497. 

9. Costa L., Batista J., Ascoli G. (2011). Communication structure of cortical networks. 
Frontiers in Computing and Neuroscience, 5:6. doi: 10.3389/fncom.2011.00006. 

10. Falcone, B., Coffman, B. A., Clark, V. P., & Parasuraman, R. (2012). Transcranial direct 
current stimulation enhances perceptual sensitivity and 24-hour retention in a complex threat 
detection task. PLoS One, 7(4), e34993. doi: 10.1371/journal.pone.0034993. 

11. Greenwood, P. M., Parasuraman, R., & Espeseth, T. (2012). A cognitive phenotype for the 
nicotinic receptor gene CHRNA4 rs1044396. Neuroscience and Biobehavioral Reviews, 36, 
1331-1341. 



 28 

12. Hamilton D., Shepherd G., Martone M., Ascoli G. (2012). An ontological approach to 
describing neurons and their relationships. Frontiers in Neuroinformatics, 6:15. doi: 
10.3389/fninf.2012.00015. 

13. Krueger, F., Parasuraman, R., Iyengar, V., Thornburg, M., Weel, J., Lin, M., Clarke, E., 
McCabe, K., & Lipsky, R. (2012). Oxytocin receptor genetic variation promotes trust 
behavior. Frontiers in Human Neuroscience, 6, doi: 10.3389/fnhum.2012.00004. 

14. Krueger, F., Parasuraman, R., Moody, L., Twieg, P., de Visser, E., McCabe, K., O'Hara. 
M., &, Lee, M. (2012). Oxytocin selectively increases empathy for victims but not the desire 
to punish offenders of criminal offenses. Social, Cognitive, and Affective Neuroscience, in 
press. 

15. Parasuraman, R., Baldwin, C. L., Knott, B., Warm, J. S., Finomore, V., Boehm-Davis, 
D., & Galster, S. M. (2012). Neuroergonomics, technology, and cognition. Work: A Journal 
of Prevention, Assessment and Rehabilitation, 41, 5167-5171.  

16. Parasuraman, R., Christensen, J. & Grafton, S. (2012). Neuroergonomics: The brain in 
action and at work. NeuroImage, 59, 1-3.  

17. Parasuraman, R., de Visser, E., Lin, M.-K., & Greenwood, P. M. (2012). DBH genotype 
identifies individuals less susceptible to bias in computer-assisted decision making. PLoS 
One, 7(6). e39675. doi: 10.1371/journal.pone.0039675.  

18. Parasuraman, R., & Jiang, Y. (2012). Individual differences in cognition, affect, and 
performance: Behavioral, neuroimaging, and molecular genetic approaches. NeuroImage, 59, 
70-82. 

19. Ropireddy D., Ascoli G. (2011). Potential synaptic connectivity of different neurons onto 
pyramidal cells in a 3D reconstruction of the rat hippocampus. Frontiers in Neuroinformatics, 
5:5. doi: 10.3389/fninf.2011.00005. 

20. Shaw, T. H., Finomore, V. S., Warm, J. S., & Matthews, G. (2012). Effects of Regular or 
Irregular Event Schedules on Cerebral Hemovelocity During a Sustained Attention Task. 
Journal of Clinical and Experimental Neuropsychology, 34, 57-66.    

21. Thompson, J.C., Baccus, W. (2012). Form and motion make independent contributions to the 
response to biological motion in occipitotemporal cortex. NeuroImage. 59, 625-34. 

22. Thompson, J., & Parasuraman, R. (2012). Attention, biological motion, and action 
recognition. NeuroImage, 59, 4-13. 

 
9.3 Journal Articles Submitted 
 
1. Berzhanskaya J., Chernyy N., Gluckman B., Schiff S., Ascoli G. (2012). Modulation of 

hippocampal rhythms by subthreshold electric fields and network topology. Submitted. 
2. Cades, D. M. & Boehm-Davis, D. A. Interruptions’ effects on the quality of task performance 

in a classroom setting. Submitted to Journal of Experimental Psychology: Applied (rejected; 
being revised for submission to another journal). 

3. DeFelipe J., López-Cruz P., Benavides-Piccione R., Bielza C., Larrañaga P., Anderson S., 
Burkhalter A., Cauli B., …. Ascoli G. (2012). GABAergic interneurons of the cerebral cortex: 
Evaluation of a gardener’s classification and nomenclature. Submitted. 

4. Funke, M. E., Shaw, T., Dillard, M., Funke, G., Warm, J. S., & Parasuraman, R. (2012). 
Event-related cerebral hemodynamics reveal target-specific resource allocation for both “go” 
response-and “no-go” response-based vigilance tasks. Submitted to Brain and Cognition. 
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5. Gardner R., Vogel A., Mainetti M., Ascoli G. (2012). Quantitative measurements of 
autobiographical memory content. Submitted. 

6. Nelson, J., McKinley, R. A., Golob, E. J., Warm, J. S., & Parasuraman, R. (2012). 
Enhancing vigilance in operators with prefrontal cortex transcranial direct current stimulation 
(tDCS). Submitted.  

7. Werner, N. E., Cades, D. M., Wymard, K. & Boehm-Davis, D. A. Handling interruptions is 
complex, but what defines interruption complexity? Submitted to Journal of Experimental 
Psychology: Applied. 

 
9.4 Conference Proceedings 
 
1. Coyne, J. T., Sibley, C., Baldwin, C. L., (2011).  Ongoing Efforts Towards Developing a 

Physiologically Driven Training System.  In Proceedings of the Human Computer Interaction 
Society Conference.  (June, 2011:  Orlando, FL). 

2. Fong, A., Sibley, C., Coyne, J., Baldwin, C.  (2011).  Method for Characterizing and 
Identifying Task Evoked Pupillary Responses During Varying Workload Levels. Proceedings 
of the Human Factors and Ergonomics Society Annual Meeting.  (September, 2011, Las 
Vegas, NV).   

3. Garcia, A. J., Baldwin, C. L., Funke, M., Funke, G., Knott, B., Finomore, V., Warm, J.  
(2011).  Team Vigilance: The Effects of Co-Action on Workload in Vigilance. Proceeding of 
the Human Factors and Ergonomics Society Annual Meeting.  (September, 2011, Las Vegas, 
NV).      

4. Garcia, A., Baldwin, C., Funke, M., Funke, G., Finomore, V., Dukes, A., Knott, B.,  
Warm, J. (2011). The Effects of Co-Action on Workload and Stress in Team Vigilance. 
Proceedings of the 16th International Symposium on Aviation Psychology (May, 2011, 
Dayton, Ohio). 

5. Howard M., Bhattacharyyaa R., O’Reilly R., Ascoli G., Fellous J. (2011). Adaptive Recall in 
Hippocampus. In A. Samsonovich & K. Johannsdottir, Eds., BICA Proceedings, IOS Press, 
pp. 151-7. 

6. Robinson, E., Lerner, N., Jenness, J., Traube, E., Brown, T., Baldwin, C., Llaneras, R.  
(2011).  Crash Warning Interface Metrics:  Evaluating Driver-Vehicle Interface 
Characteristics for Advanced Crash Warning Systems.  Proceedings of the 22nd International 
Technical Conference on the Enhanced Safety of Vehicles (June, 2011, Washington, DC).    

7. Werner, N., Cades, D., Boehm-Davis, D. A., Chang, J., Khan, H., Thi, G. (2011). What 
Makes Us Resilient to Interruptions? Understanding the Role of Individual Differences in 
Resumption. In Proceedings of the Human Factors & Ergonomics Society Annual Meeting. 
Santa Monica, CA: The Human Factors & Ergonomics Society. 

 
9.5 Books and Book Chapters 
 
1. Baldwin, C. L.  (2012).  Auditory Cognition and Human Performance:  Research and 

Applications.  Clermont, FL:  CRC Press – Taylor & Francis.    
2. Baldwin, C. L., Coyne, J. T., & Christensen, J. (2012, in press). EEG Metrics of Workload 

and Learner Engagement. In M. Fafrowicz, T. Marek, W. Karwowski & D. Schmorrow 
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(Eds.), Neuroadaptive Systems: Theory and applications.  Boca Roton, FL:  Taylor & 
Francis/CRC Press. 

3. Boehm-Davis, D. A. (in press). George Mason University’s Arch Lab. In R. W. Rieber (Ed.), 
Encyclopedia of the History of Psychological Theories, Springer. 

4. Boehm-Davis, D. A. (in press). Using Task Analysis and Computational Cognitive Models to 
Design and Evaluate Interfaces. To appear in J. L. Szalma, M. Scerbo, R. Parasuraman, P. A. 
Hancock, &R. R. Hoffman (Eds.), The Handbook of Applied Perception Research. 
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6. Gillette T., Ascoli G. (2012). Dendritic Morphology. In Le Novere N., Bhalla U. (Eds.), 

“Computational Systems Neurobiology”, Springer, In Press.  
7. Greenwood, P. M.,  & Parasuraman, R. (2012). Nurturing The Older Brain and Mind. 

Cambridge, MA: MIT Press. 
8. Parasuraman, R., & Rizzo, M. (2012). Neuroergonomics: The brain at work. (In Chinese). 

Ed. K. Zhang. Nanjing, China: Dongnang University Press. 
9. Parasuraman, R. (2012). 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. 

10. Remington, R. W., Boehm-Davis, D. A. & Folk, C. L. (in press). An introduction to humans 
in engineered systems. Hoboken, NJ: Wiley. 

11. Samsonovich A., Ascoli G. (2011). NeuroNavigator: A hippocampus-inspired cognitive 
architecture for spiking network implementation. In Sariel-Talay, S., Smith, S. F., & Onder, 
N. (Eds.). Automated Action Planning for Autonomous Mobile Robots: AAAI Technical 
Report WS-11-09, pp. 76-7, AAAI Press, Menlo Park, CA. 

12. Satterfield, K., Shaw, T., Ramirez, R. & Kemp, E (2012). A neuroergonomic evaluation of 
cognitive workload transitions in a supervisory control task using Transcranial Doppler 
Sonography. In W. Karwowski & G. Salvendy (Eds). Applied Human Factors and 
Ergonomics. Boca-Raton: Taylor & Francis. 

13. Wickens, C. D., Hollands, J. G., Banbury, S., Parasuraman, R. (2012). Engineering 
Psychology and Human Performance. 4th Ed. New York: Pearson. 

 
Paper Presentations 
 
1. G. Ascoli (2011, December). Molecular phenotyping of hippocampal neurons. 

Neurodevelopmental Gene Expression Workshop, Allen Brain Institute, Seattle, WA. 
2. Baldwin, C.L., Spence, C., Wogalter, M., Ferris, T., et.al.  (2012, October).  Multimodal 

cueing:  The relative benefits of the auditory, visual, and tactile channels in complex 
environments.  Paper to be presented at the Human Factors and Ergonomics Society Annual 
Meeting, Boston, MA.   

3. Barrow, J., Borne, J., Wenger, L., & Baldwin, C. L. (2011, September).   Musical Valence 
Affects Spatial Attention in a Likert Scale Rating Task. Paper presented at the Human 
Factors and Ergonomics Society Annual Meeting.  Las Vegas, NV.  

4. Boehm-Davis, D. A (2012, February).  Understanding Interruptions: A Model and Data. 
Paper presented at the International Ergonomics Association Triennial Congress. Recife, 
Brazil. 
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5. Boehm-Davis, D. A. (2012, February). Can you control your bias? Subliminal actions of the 
brain that can affect your case work. Lecture presented at the American Academy of Forensic 
Science Meeting. Atlanta, GA. 

6. Also presented (2012, April). At the Chesapeake Bay Division of the International 
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12. Dziura, S., Baccus, W., Thompson, J.C. (2012, May). The effects of stimulus contrast on 
action discrimination. Annual Meeting of the Vision Sciences Society, Naples, FL. 

13. Eisert, J., & Baldwin, C. L.  (2012, May).  Vibrotactile Signals Effectively Convey Collision 
Avoidance Information With Less Annoyance.  Paper presented at the Intelligent 
Transportation Society Annual Conference.  Washington, D.C.  

14. Fong, A., Sibley, C., Coyne, J., Baldwin, C.  (2011, September).  Method for Characterizing 
and Identifying Task Evoked Pupillary Responses During Varying Workload Levels. In  
Paper presented at the Human Factors and Ergonomics Society Annual Meeting. Las Vegas, 
NV.     

15. Funke, G., Dillard, M., Funke, M., Warm, R., & Parasuraman, R. (2012, February). The 
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29. D. Marchette, G. Ascoli et al. (2012, January).  Investigation of a Random Graph Model for 
Neuronal Connectivity. Am. Math. Soc., Boston, MA. 

30. McKendrick, R., Shaw, T., Saqer, H., de Visser, E., & Parasuraman, R. (2011, September). 
Team performance and communication within networked supervisory control human-machine 
systems. Paper presented at the Annual Conference of the Human Factors and Ergonomics 
Society, Las Vegas, NV. 

31. Parasuraman, R. (2011, August). Neurogenetics of individual differences in working 
memory and decision making: Implications for selection and training. Paper presented at the 
Annual Meeting of the American Psychological Association, Washington DC. 

32. Parasuraman, R. (2011, September). Can behavioral, neuroimaging, and molecular genetic 
studies of “cognitive superstars” tells us how to augment cognition? Paper presented at the 
Annual Conference of the Human Factors and Ergonomics Society, Las Vegas, NV. 

33. Parasuraman, R. (2011, September). Neuroergonomics: Theory and methods. Invited 
Webinar, Human Factors and Ergonomics Society, Santa Monica, CA. 

34. Parasuraman, R. (2012, February). Neurogenetics of individual differences in complex 
decision making. Paper presented in the Symposium on Neuroergonomics, Technology, and 
Cognition, International Ergonomics Association Conference, Recife, Brazil. 

35. Parasuraman, R., & Galster, S. (2012, March). Invited Chair, Panel on Sensing, Workshop 
on Human Performance Augmentation, Arizona State University, Tempe, AZ. 

36. Parasuraman, R. (2012, June). Supercharging cognition: Neuroimaging, genetic, and brain 
stimulation studies. Invited Lectures given at: (1), Key Laboratory of the Cognitive 
Neuroscience of Learning, Beijing Normal University, Beijing, China; (2) Department of 
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Differential effects of transcranial direct current stimulation of prefrontal and motor cortex 
on a complex cognitive task. Paper to be presented at the Society for Neuroscience, New 
Orleans, LA. 
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