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27+(5�6,*1,),&$17�&2175,%87256�
1DPH� 2UJDQL]DWLRQ� 5ROH�RQ�3URMHFW�

Human Embryonic Stem Cells No  Yes 
If the proposed project involves human embryonic stem cells, list below  the registration number of the specific cell line(s) from the following list: 
KWWS���VWHPFHOOV�QLK�JRY�research/UHJLVWU\�HOLJLELOLW\&ULWHULD�DVS��Use continuation pages as needed. 
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Program Director/Principal Investigator (Last, First, Middle): 

DETAILED BUDGET FOR INITIAL BUDGET PERIOD 
DIRECT COSTS ONLY 

FROM THROUGH 

List PERSONNEL (Applicant organization only) 
Use Cal, Acad, or Summer to Enter Months Devoted to Project 
Enter Dollar Amounts Requested (omit cents) for Salary Requested and Fringe Benefits 

NAME 
ROLE ON 
PROJECT 

Cal. 
Mnths 

Acad. 
Mnths 

Summer 
Mnths 

INST.BASE 
SALARY 

SALARY 
REQUESTED 

FRINGE 
BENEFITS TOTAL 

PD/PI 

SUBTOTALS 
CONSULTANT COSTS 

EQUIPMENT (Itemize) 

SUPPLIES  (Itemize by category) 

TRAVEL 

INPATIENT CARE COSTS 

OUTPATIENT CARE COSTS 
ALTERATIONS AND RENOVATIONS (Itemize by category) 

OTHER EXPENSES  (Itemize by category) 

CONSORTIUM/CONTRACTUAL COSTS DIRECT COSTS 

SUBTOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD (Item 7a, Face Page) $ 
CONSORTIUM/CONTRACTUAL COSTS FACILITIES AND ADMINISTRATIVE COSTS 

TOTAL DIRECT COSTS FOR INITIAL BUDGET PERIOD $ 
PHS 398 (Rev. 6/09) Page Form Page 4 



         
 

   
   

 
 

 
 

 
 

 

 
 

 

  
 

 

  
 

 

   
 

                               

                               

                               

                               

                               
 

                               
 

                               
  
                               

                                
 

 
                               

   
                                 

 
 

                               

                               

        
    

      

       

  
  

  
  

Program Director/Principal Investigator (Last, First, Middle): 

BUDGET FOR ENTIRE PROPOSED PROJECT PERIOD  
DIRECT COSTS ONLY  

BUDGET CATEGORY 
TOTALS 

INITIAL BUDGET 
PERIOD 

(from Form Page 4) 

2nd ADDITIONAL 
YEAR OF SUPPORT 

REQUESTED 

3rd  ADDITIONAL 
YEAR OF SUPPORT 

REQUESTED 

4th  ADDITIONAL 
YEAR OF SUPPORT 

REQUESTED 

5th  ADDITIONAL 
YEAR OF SUPPORT 

REQUESTED 

PERSONNEL: Salary and fringe
benefits. Applicant organization 
only. 

CONSULTANT COSTS 

EQUIPMENT 

SUPPLIES 

TRAVEL 

INPATIENT CARE 
COSTS 

OUTPATIENT CARE 
COSTS 

ALTERATIONS AND 
RENOVATIONS 

OTHER EXPENSES 

DIRECT CONSORTIUM/ 
CONTRACTUAL 
COSTS 

SUBTOTAL DIRECT COSTS 
(Sum = Item 8a, Face Page) 

F&A CONSORTIUM/ 
CONTRACTUAL 
COSTS 

TOTAL DIRECT COSTS 

TOTAL DIRECT COSTS FOR ENTIRE PROPOSED PROJECT PERIOD $ 
JUSTIFICATION.  Follow the budget justification instructions exactly.  Use continuation pages as needed. 

PHS 398 (Rev. 6/09) Page Form Page 5 



BUDGET JUSTIFICATION 

PERSONNEL 

Gregory Samanez Larkin (PI)  
Gregory Samanez Larkin will devote 3.0 Summer Months for Years 1-3. Dr. Samanez Larkin will supervise the 
overall execution of the study, train and supervise all lab staff and students working on the project, oversee 
data analysis and manuscript preparation, and handle all IRB related issues.  

TBA, Research Assistant (5 months) 
This individual will be responsible for advertising, scheduling (including arranging lab tests, MRI scans, PET scans, 
medical and psychiatric screening, and staff coverage), meeting and taking the participant to the various study 
sites (MRI, PET, clinical labs), ensuring tasks and paperwork are completed, and data entry. They will also be 
responsible for running subjects through the fMRI and behavioral paradigms. Funds are allocated to support 5 
Calendar Months for this research assistant for all three years of the R00 phase. 

Salaries are projected to increase 3% annually. 

FRINGE BENEFITS 

Fringe benefits for the Principal Investigator are calculated at the Exempt rate of 32.4% for FY13-14, and 31.5% 
7/1/14 until amended.  Fringe rate for the Research Assistant are calculated at the Non-exempt rate of 54.6% for 
FY13-14, and 53.6% 7/1/14 until amended. These rates are in accordance with our DHHS approved rate 
agreement, dated 2/13/13. 

TRAVEL 

Travel funds will be used to visit collaborators on the west coast (trips to Berkeley/Stanford or USC) and 
attend national conferences (most likely including Society for Neuroeconomics, Cognitive Neuroscience 
Society, or Society for Neuroscience) We request $3,875 in Year 1 and $2,200 in Year 2. 

OTHER EXPENSES 

fMRI and PET Scans. During years 1–3 of the R00 phase healthy adults between the ages of 20 and 85 will 
complete a behavioral session, an fMRI session ($460/hr x 2 hour scan slot = $920/subject), and two PET 
sessions ($3600/scan = $7200/subject). Twenty-seven subjects will be funded through the R00 (27 subjects @ 
$8120 = $219,240). 

Subject Payments. Subjects will be paid approximately $450 for completing all sessions which includes up to 
25 hours of participation (27 subjects @ $450 = $12,150). 

INDIRECT COSTS 

Indirect costs are calculated at the Federal On-campus rate of 66.5% for FY13-14, and at the same provisional 
rate for the remainder of the project period.  These rates are in accordance with our DHHS approved rate 
agreement, dated 2/13/13. 



Program Director/Principal Investigator (Last, First, Middle): Samanez Larkin, Gregory, Russell 

RESOURCES 
Follow the 398 application instructions in Part I, 4.7 Resources.

Department of Psychology 

The Samanez Larkin Motivated Cognition and Aging Lab in the Department of Psychology is located on the 
fourth floor of Sheffield-Sterling-Strathcona (SSS) Hall. The laboratory includes five offices that can 
accommodate up to twelve workstations and two testing rooms. Computer resources in the lab include two 
Apple Mac Pro desktop computers dedicated to imaging analysis. An additional four Apple iMac desktops 
and two laptops are available for data collection and data processing in the lab. The laptops are also used 
for remote data collection at the imaging centers (i.e., laptops). Image analysis packages in use by the lab 
include AFNI, SPM, FSL, MRIcron, and several in-house customized programs written in MATLAB and 
Python. Offices for lab members (lab staff, graduate students, post-doctoral fellows, undergraduate research 
assistants) are located within the Motivated Cognition and Aging Lab in SSS Hall. Dr. Samanez Larkin’s 
office is connected to the lab. 

The central, joint-use Human Neuroscience Lab in the Department of Psychology (located on the same hall 
as the Samanez Larkin lab) includes additional software as well as an EEG lab and eyetracking equipment. 

Yale Magnetic Resonance Research Center (MRRC) 

The Yale Magnetic Resonance Research Center is part of a $176 million dollar research and teaching facility 
at Yale University School of Medicine. The imaging facilities include 33,000 square feet of laboratory and 
imaging space. This includes dedicated spaces for electrophysiological (1 dedicated EEG room) and 
psychological testing (3 behavioral testing rooms), computing, and image and data analysis. The Center also 
holds a fully equipped electronics shop with 4 full time electronics engineers. The Center thus contains all of 
the resources necessary for integrated studies of human brain function. It houses research magnets and 
personnel in one contiguous facility. An inventory of the current systems relevant to this project is given 
below. Patient monitoring within all of the magnets includes non-invasive measures of heart rate, blood 
pressure, pulse-oximetry and end tidal CO2 levels. Note that all of these systems are 100% dedicated to 
research activity. 

Siemens 1.5T Sonata Scanner. Dedicated to research studies using conventional anatomic imaging, cardiac 
imaging, and fMRI, this system has a top-of-the-line gradient system with 40mT/m maximum amplitude, a 
slew rate of 200T/m/sec, and a 100% duty cycle. The system also has an 8-channel receiver array head-coil 
for parallel imaging applications. The magnet is dedicated for basic radiology/neuroscience research 
including fMRI and the development of MR imaging approaches for neurosurgical planning. 
Siemens 3.0T Trio TIM Scanner (A). This system has the same gradient hardware as the 1.5T system and 
also includes an 8-channel receiver array head-coil and parallel imaging capabilities. This system is 
dedicated to research studies, primarily focused on the development of functional MRI and applications in 
Neuroscience, Psychology, and Neurosurgery. It was upgraded in early 2009 to a Trio TIM system with 32-
channel parallel imaging capabilities and a 32-channel head coil. 

Siemens 3.0T Trio TIM Scanner (B). A second Trio TIM system with 32-channel parallel imaging capabilities 
and a 32 channel head coil. It was installed in 2009. 



Using state-of-the-art MR imaging capabilities for a wide range of applications, the MRRC provides support 
for acquisition strategies, the development of new methodologies, validation, tracking in temporal studies, 
and data analysis and archiving. We have physicists on staff for help with specific pulse sequence strategies, 
and physics and electronics personnel to aid with the development and construction of novel hardware for 
improving the scope of applications available. 

Yale PET Center 

The state-of-the-art 24,000 square foot PET Center was opened at Yale University in July 2005. The PET 
Center has a GE PETtrace cyclotron, with targetry for producing C-11, F-18, N-13 and O-15 radioisotopes.  
Chemistry modules are available for the production of a wide variety of radiotracers. To date, over 2,000 
quantitative in vivo PET studies have been performed with 65 different radiopharmaceuticals, 25 of which 
have been used in human studies. A fully equipped laboratory for blood and metabolite analyses is available. 
The details for each component of the resources related to this proposal are listed below. 

PET radiochemistry laboratory. The radiochemistry laboratory complex at the PET Center, Yale University 
School of Medicine, is fully equipped for radiotracer synthesis with 6 mini hot cells, 6 full size hot cells from 
Comecer and a process chemistry cabinet (ProCab) from GE. The ProCab is fitted with several chemistry 
process modules, including a [11C]CO2 purification module capable of purifying and delivering [11C]CO2 at 
a controlled flow rate for various chemistry applications, a [11C]CO module for conversion of [11C]CO2 to 
[11C]CO, a [11C]cyanide module for conversion of [11C]CO2 to [11C]HCN.  Remote-controlled or 
automated synthesis modules from GE are installed in the various hot cells for either dedicated or diversified 
synthetic processes.  These automated modules include one MicroLab  [11C]methyl iodide synthetic device, 
one FxC module and one FxC-pro module for  [11C]methyl iodide production, methylation, purification and 
final product formulation, one FxN module for production of F-18 labeled compounds through nucleophilic 
reaction, one FxE module for making F-18 labeled ligands using electrophilic chemistry, one MX module for 
FDG production, and two other modules for dedicated production of  [15O]water and  [13N]ammonia.  In 
addition, there is also one Bioscan AutoLoop for performing loop-based chemistry in the production of C-11 
or F-18 labeled compounds.  Various home-made modules can also be used for the productions of labeled 
compounds using  [11C]CO2, [11C]CO and  [11C]HCN.  A total of five preparative HPLC systems complete 
the capability to produce and purify radiolabeled ligands.  A total of 6 Capintec dose calibrators are installed 
in the full-size hot cells and on the bench for measurement of radioactivity.  A microwave oven from 
Resonance Instrument can be used in radiolabeling with [18F]fluoride.  Various other equipment/instruments 
includes a drying oven, a glove box for preparation of moisture-free and oxygen-free reagents and solutions, 
refrigerators/freezers for sample storage, pH meters, vacuum pumps, vortex, sonicators, filtration equipment, 
water purification system, and others. 

Cyclotron. A GE PETtrace cyclotron for radioisotope production is located in the lower level of the PET 
Center. The cyclotron uses 19 MeV protons and 10 MeV deuterons to produce radioisotopes.  A total of six 
targets are mounted in the cyclotron: two C-11 targets, two F-18 targets for production of [18F]fluoride and 
[18F]fluorine, one O-15 target and one N-13 target.   

Quality control laboratory. The quality control laboratory, located in a room separated from the main 
radiochemistry laboratory, is equipped with two Shimadzu analytical HPLC systems including two HPLC 
pumps, one autosampler, one photodiode array (PDA) detector, one dual channel UV detector, two 
radioactivity detectors and computers running the Class VP HPLC control/data acquisition software.  There 
are one Shimadzu model 2014 gas chromatography (GC) system for residual solvent analysis that includes 



autosampler and dual injectors and one Bioscan AR-2000 TLC scanner.  In addition, a Varian LC/MS system 
is in place for quality control and analysis of product and byproducts. A laminar flow hood provides the 
capability for performing sterile preparations and compounding of radiopharmaceuticals.  Also located in this 
lab are one dose calibrator for measuring radioactivity and equipment for pyrogen testing of 
radiopharmaceuticals.  

Organic chemistry laboratory. Two rooms with a total of 1500 square feet of space in the Laboratory 
Medicine and Pediatrics (LMP) building are dedicated to organic chemistry and are equipped for the purpose 
of developing new synthetic strategies for C-11 and F-18 labeled radiotracers and to synthesize the 
unlabeled precursors required for radiotracer development and production.  There are a total of six fume 
hoods for performing chemical reactions.  Major instruments includes two HPLC systems for analysis of 
precursors and other synthetic compounds, refrigerators for reagents and samples storage, vacuum pumps, 
drying ovens, rotary evaporators, melting point apparatus, and others. 

Blood and metabolite analysis laboratory. A laboratory for plasma analysis is adjacent to the PET Imaging 
suites, with pass-through doors to allow direct passing of samples. This lab includes two Perkin Elmer 
Wizard gamma counters, one balance, three centrifuges, and one blood glucose analyzer. Two HPLC 
systems are dedicated to the analysis of plasma samples for unchanged radiotracer and radioactive 
metabolites, enabling generation of input functions required for kinetic analysis and image quantification.  
Each HPLC system consists of two Shimadzu pumps capable of delivering gradient mobile phase, one 
control module, one Rheodyne manual injector equipped with a 5 mL sample loop, one Shimadzu variable 
wavelength UV-vis detector, one Raytest radioactivity detector, and one fraction collector. HPLC system 
control was provided by the Shimadzu Class-VP software. As appropriate, devices are connected to the 
internal computer network (some via a terminal server) to allow direct reading of the data by IDL programs 
on the Linux machines.  

PET Scanners. The Yale PET Center has one whole body PET/CT scanner (Siemens mCT-X, with 109 PET 
slices with resolution of ~ 5x5x5 mm resolution, 128-slice CT), one whole body PET-only scanner (Siemens 
HR+ with 32 rings and 63 planes with a resolution of ~ 5 x 5 x 5 mm at center of field of view), one brain-
dedicated scanner (Siemens High Resolution Research Tomograph (HRRT), 104 rings, 207 slices with 
resolution of better than 3 x 3 x 3 mm), and two small animal PET scanners (Siemens Focus 220, 48 rings, 
95 slices with a resolution of ~ 1.4 x 1.4 x 1.4 mm at center field of view).  

Adjacent to each scanner room are patient prep and post-scan rooms. The HR+ has a SUN workstation 
dedicated to image acquisition, reconstruction, and archiving. The HRRT system acquires list-mode data. 
The HRRT list-mode data files are transferred over the local Gigabit network (behind a hardware firewall) to 
a dedicated Linux cluster with 74 nodes and 264 processors (3.0-3.2 MHz) ~ 20 TB of disk storage. Images 
are reconstructed with the MOLAR algorithm (Motion-compensation OSEM List-mode Algorithm for 
Resolution-recovery Reconstruction). Subject motion information is collected with a Vicra (NDI, Canada), 
which records head motion at a rate of up to 20 Hz. These are stored in a time-synced file and used by 
MOLAR to correct head motion. The mCT and Focus 220 scanners also acquire list-mode data, which is 
also used to reconstruct images using the manufacturer’s software.  Continuous bed motion and dual-gated 
acquisitions are features of the Focus 220. Respiratory and cardiac gating are available on the mCT. 
Eye-tracking system. We also have an infrared pupillometry system (ISCAN) so that we can utilize highly 
controlled and systematic oculomotor tasks, such as those requiring visual guided saccadic responses. 
Incorporated into this system for task control and monitoring, we also have a Tucker-Davis Technologies 
System III platform, equipped with analog and digital interfaces. 



Motion correction system. The Vicra infra-red tracking system (NDI, Waterloo, Canada) has previously been 
employed for PET motion correction by tracking the motion of a tool attached to the subject’s head. This 
system has now been in routine use for over 800 human brain studies on the HRRT PET scanner at Yale. 
Development and optimization of the use of this device has been funded under R01-NS058360 (PI: R. 
Carson). Motion information is acquired at 20 Hz and incorporated into a list mode reconstruction algorithm 
(MOLAR) implemented on a dedicated computer cluster. Clear improvement in image quality and time-
activity curve continuity is seen with hardware motion correction. 

Computing. PET images are converted to DICOM format and saved on a 20 TB disk farm. The disk farm is 
backed up to tape nightly.  Image processing is performed on one of 6 Linux (Redhat WS4) workstations 
housed in a data processing room connected to the network with NFS mounts to the disk array. These 
systems may be used at their consoles or over the network via X windows. Image data are accessed via the 
HAVEN image database using scripts and programs employing the commercial programs IDL and MEDx.  
All data are identified with a code created at the time of the subject's first PET scan.  Human subject 
identification can only be obtained from password-restricted access to the HAVEN database. Programs and 
scripts developed for image processing include PET-MR image registration, region-of-interest placement (on 
PET or MR), time-activity curve creation, input function creation (see Metabolite lab, above), mathematical 
modeling routines to create parametric images of flow, metabolism, binding potential, etc. and partial volume 
correction. 

PHS 398 (Rev. 6/09) Page 7 Resources Format Page 



  

    

    

    

    

    

      

  

  

 

  
 

  

    

  

 
 

   

   
 

   
   

 
 

 

     

  
   

 

 

 
       

   
  

 

 

     

     

Program Director/Principal Investigator (Last, First, Middle): 

CHECKLIST
TYPE OF APPLICATION  (Check all that apply.)

 NEW application. (This application is being submitted to the PHS for the first time.)

 RESUBMISSION of application number: 
(This application replaces a prior unfunded version of a new, renewal, or revision application.) 

  RENEWAL of grant number: 
(This application is to extend a funded grant beyond its current project period.) 

  REVISION to grant number: 
(This application is for additional funds to supplement a currently funded grant.) 

  CHANGE of program director/principal investigator. 

Name of former program director/principal investigator: 

  CHANGE of Grantee Institution.  Name of former institution: 

  FOREIGN application   Domestic Grant with foreign involvement 

INVENTIONS AND PATENTS  (Renewal appl. only) No   Yes 

List Country(ies) 
Involved: 

If “Yes,”   Previously reported      Not previously reported 

1. PROGRAM INCOME  (See instructions.)
All applications must indicate whether program income is anticipated during the period(s) for which grant support is request.  If program income is
anticipated, use the format below to reflect the amount and source(s).

Budget Period Anticipated Amount Source(s) 

2. ASSURANCES/CERTIFICATIONS (See instructions.)
In signing the application Face Page, the authorized organizational representative agrees to comply with the policies, assurances and/or certifications
listed in the application instructions when applicable. Descriptions of individual assurances/certifications are provided in Part III and listed in Part I, 4.1
under Item 14. If unable to certify compliance, where applicable, provide an explanation and place it after this page.

3. FACILITIES AND ADMINSTRATIVE COSTS (F&A)/ INDIRECT COSTS. See specific instructions.

DHHS Agreement dated: No Facilities And Administrative Costs Requested. 

DHHS Agreement being negotiated with Regional Office. 

No DHHS Agreement, but rate established with Date 

CALCULATION*  (The entire grant application, including the Checklist, will be reproduced and provided to peer reviewers as confidential information.) 

a. Initial budget period: Amount of base $ x Rate applied % = F&A costs $ 

b. 02 year Amount of base $ x Rate applied % = F&A costs $ 

c. 03 year Amount of base $ x Rate applied % = F&A costs $ 

d. 04 year Amount of base $ x Rate applied % = F&A costs $ 

e. 05 year Amount of base $ x Rate applied % = F&A costs $ 

*Check appropriate box(es):

Salary and wages base Modified total direct cost base 

TOTAL F&A Costs  $ 

Other base  (Explain) 

Off-site, other special rate, or more than one rate involved  (Explain) 
Explanation (Attach separate sheet, if necessary.): 

4. DISCLOSURE PERMISSION STATEMENT:  If this application does not result in an award, is the Government permitted to disclose the title of
your proposed project, and the name, address, telephone number and e-mail address of the official signing for the applicant organization, to
organizations that may be interested in contacting you for further information (e.g., possible collaborations, investment)? Yes  No 

PHS 398 (Rev. 6/09) Page Checklist Form Page 



BIOGRAPHICAL SKETCH 
Provide the following information for the key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

NAME OF FELLOWSHIP APPLICANT 
Gregory R. Samanez Larkin 

POSITION TITLE 
Assistant Professor 

eRA COMMONS USER NAME (credential, e.g., agency login) 
SAMANEZLARKIN.GREG 

   EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, and include postdoctoral training.) 

INSTITUTION AND LOCATION DEGREE 
(if applicable) YEAR(s) FIELD OF STUDY 

University of Michigan, Ann Arbor, MI B.A. 1998–2002 Psychology 
Stanford University, Stanford, CA M.A. 2005–2008 Psychology 
Stanford University, Stanford, CA Ph.D. 2005–2010 Psychology 
Vanderbilt University, Nashville, TN Post-Doc 2010–2013 Neuroscience/Psychology 

A. PERSONAL STATEMENT

Although at an early career stage, Dr. Samanez-Larkin is already a leading expert in the affective neuroscience 
and neuroeconomics of aging. His graduate training was under the supervision of Dr. Brian Knutson, a 
pioneering expert on reward processing in the brain, and Dr. Laura Carstensen, the world’s leading expert on 
emotion and aging. His dissertation studies supported by an individual NRSA from the National Institute on 
Aging were among the first neuroimaging studies of reward processing and decision making in the aging 
human brain. His post-doctoral fellowship under David Zald, a leading expert on dopamine imaging in humans, 
included initial training in PET imaging and pharmacology and was supported by an individual NRSA from the 
National Institute on Aging and the first phase of his Pathway to Independence Award (K99). His multimodal 
training has included measurement of peripheral physiology (undergraduate), functional brain imaging using 
fMRI (graduate, post-doc), and molecular brain imaging using PET (post-doc). The R00 phase of this Pathway 
to Independence Award is focused on individual and age differences in the function of neurobiological systems 
supporting incentive processing and decision making. He is also currently co-director of the Scientific Research 
Network on Decision Neuroscience and Aging.  

B. POSITIONS AND HONORS

Positions and Employment 
2013- Assistant Professor of Psychology, Yale University 

Academic and Professional Honors 
1999 Branstrom Prize for Freshman Scholars (top 10% of class), University of Michigan 
2001 Psi Chi Psychology Honors Society 
2002 University Honors, University of Michigan 
2002 W.B. Pillsbury Thesis Award, University of Michigan 
2006 NSF Graduate Research Fellowship, Honorable Mention 
2006 Summer School in Neuroeconomics Fellowship, Stanford University 
2007 Top Ten Scientific Advances, National Institute on Aging (for: Samanez-Larkin, et al., 2007) 
2008 Department of Psychology Teaching Award, Stanford University 
2009 Individual Pre-doctoral National Research Service Award (F31), National Institute on Aging 
2010 Albert H. & Barbara R. Hastorf Prize for Teaching, Stanford University 
2010 Adult Development and Aging Dissertation Award, APA Division 20 
2010 Council of Graduate Schools / UMI Distinguished Dissertation Award in the Social Sciences 
2011 Individual Post-doctoral National Research Service Award (F32), National Institute on Aging 
2012 Post-Doctoral Fellows Award, Cognitive Neuroscience Society 
2012 Pathway to Independence Award (K99/R00), National Institute on Aging 



C. SELECTED PUBLICATIONS (out of 25)

1. Fredrickson, B., Tugade, M., Waugh, C., Larkin, G.R. (2003) What good are positive emotions in crises?:
A prospective study of resilience and emotions following the terrorist attacks on the United States on
September 11th, 2001. Journal of Personality and Social Psychology, 84, 365–376. [PMC2755263]

2. Mikels, J.A., Fredrickson, B.L., Larkin, G.R., Lindberg, C.M., Maglio, S.J., Reuter-Lorenz, P.A. (2005).
Emotional category data on images from the International Affective Picture System. Behavior Research
Methods, 37(4), 626–630. [PMC1808555]
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D.  RESEARCH SUPPORT 
 
Pending 
 
NIA/NIH   R00-AG042596  Samanez-Larkin (PI)  9/1/2013–8/31/2016 
Neuromodulation of Motivated Cognition and Decision Making Across Adulthood 
Independent junior faculty phase of Pathway to Independence Award supporting research on the influence of 
motivation and cognition on decision making using multimodal neuroimaging including fMRI and PET imaging 
of dopamine receptors. 
Role: PI 
 
Active 
 
FINRA Investor Education Foundation Knutson (PI)    1/1/2011 – 10/31/2013 
Individual Differences in Susceptibility to Investment Fraud 
This study examines individual differences in cognitive and emotional characteristics associated with fraud 
victimization through the combination of broad assessments of a cross-national internet sample and a more 
focused assessment (including neuroimaging) of a northern California sample. The study compares actual 
investment fraud victims to age-matched controls. 
Role: Co-Investigator 
 
Completed 
 
NIA/NIH   K99-AG042596  Samanez-Larkin (PI)  8/1/2012–7/31/2013 
Neuromodulation of Motivated Cognition and Decision Making Across Adulthood 
Post-doctoral phase of Pathway to Independence Award supporting research on the influence of motivation on 
cognitive control and decision making using multimodal neuroimaging including fMRI and PET imaging of 
dopamine receptors. 
Role: PI 
 
NIA/NIH   F32-AG039131  Samanez-Larkin (PI)  7/1/2011–7/31/2012 
Imaging the Human Reward System Across the Adult Life Span 
Individual post-doctoral fellowship supporting multimodal (MRI, PET) neuroimaging training. 
Role: PI 
 
NIA/NIH   F31-AG032804  Samanez-Larkin (PI)  1/1/2009–9/30/2010 
Incentive Learning and Decision Making in the Aging Brain 
Individual pre-doctoral fellowship supporting the final two years of graduate training focused on age differences 
in reinforcement learning and risky decision making primarily using fMRI.  
Role: PI 
 
FINRA Investor Education Foundation Knutson (PI)    2006 – 2010 
Individual Differences in Financial Risk Taking Across the Life Span 
Research grant to examine individual differences in cognitive and emotional characteristics associated with 
financial risk taking and decision making across adulthood. 
Role: Co-Investigator 



May 16, 2013 

Review Committee 
National Institute on Aging / NIH 

Dear Review Committee: 

I am writing to verify our strong institutional commitment to Gregory Samanez Larkin as he 
transitions to the R00 phase of his Pathway to Independence Award and begins a tenure-track 
faculty position in our department. Greg was recruited through an open area search this year that 
attracted a large number of applicants from among the top emerging psychologists and 
neuroscientists in the world. He stood out as an especially good fit for our department and Yale 
University given his multidisciplinary and translational research program and strong 
commitment to training the next generation of psychological scientists through mentorship and 
teaching. Yale is a perfect home for Samanez Larkin to begin to develop his independent 
research program. In addition to faculty in our outstanding Department of Psychology, Yale has 
great strength in areas of interest and fields outside of psychology relevant to his research 
program including neurobiology of aging, behavioral economics/finance, neuroeconomics, and 
public health. Of note, Yale has one of the strongest behavioral economics/finance groups in the 
world and arguably the top human neuro PET group in the country. 

He will be appointed as an Assistant Professor of Psychology for an initial term of four years, 
from 2013 to 2017. He has been offered an initial salary of [redacted] for the academic year, 
consistent with other recent offers at this level. Yale fully supports the salary of its faculty 
holding a nine-month appointment, which includes research, instruction, and administration. 
Yale has a generous leave system and he will be eligible for a full year’s leave at full pay in his 
2nd, 3rd, or 4th year on the faculty. Additionally, assistant professors in the Faculty of Arts and 
Sciences who are promoted to the rank of associate professor on term are eligible for an 
Associate Professor Leave, which provides a full year’s leave at full salary. Samanez Larkin’s 
tentative plan for the R00 period is to teach three courses over the first 3 years. This course 
commitment does not include his lab meeting for which he will receive teaching credit. With an 
83% research commitment during the summer months, this averages out to approximately 80% 
time dedicated to research across the R00 period. Samanez Larkin has been in contact with his 
Program Officer, Jon King, to ensure that this effort commitment is consistent with the 
guidelines and goals of the R00 award.  

Our commitment to his career development is not dependent on the funding of this award. As we 
do for all new faculty, Greg has been given a start-up package that does not assume outside 
funding for the first several years, designed to help him launch a successful career in his chosen 
area of research.  In Greg’s case, [redacted] will be provided, distributed as [redacted] per year 
over the course of three years. Consistent with University policies on appropriate use of research 
funds, these lab set-up funds may be flexibly applied to equipment, supplies, services, 



computing, summer salary (and fringe benefits), and personnel for his laboratory. There is no 
time limit on spending these funds, as long as he is a member of the Yale faculty. 

Yale has a strong culture of mentorship to support Samanez Larkin’s early career development. 
Faculty appointments allow time for mentoring obligations, and such activities are encouraged as 
part of the research and training mission of Yale University.  Greg has already assembled a 
group of local senior faculty who are experts in the psychology and neuroscience of aging 
including myself, Amy Arnsten, and Becca Levy with whom he will meet regularly to get 
feedback on research progress and career development issues. Faculty members within the 
department and across the department regularly collaborate and Yale prides itself on eliminating 
barriers to collaboration across campus. In fact, many of our graduate students work with two or 
more faculty members, which greatly facilitates collaboration across labs. Additionally, many of 
Samanez Larkin’s most natural collaborators outside of the department (e.g., Daeyeol Lee, Amy 
Arnsten, Becca Levy, Nick Barberis) have secondary appointments in Psychology and are active 
members of our department already. 

His research will be conducted in the Department of Psychology, the Yale Magnetic Resonance 
Research Center, and the Yale PET Center. As described in the Resources document, all 
facilities are more than adequate to support the proposed work. Dr. Samanez Larkin will also 
have adequate office space and lab space for personnel and data collection and analysis. He will 
also have support of the services offered by our departmental office staff.  

In summary, the Department of Psychology and Yale University are committed to providing the 
resources necessary to enhance Dr. Samanez Larkin’s career development, meet the goals of his 
R00 research plan, and move rapidly toward an independent line of research. We are enthusiastic 
about having Samanez Larkin as our colleague, and we are looking forward to his arrival to Yale. 

 Sincerely, 

Marcia K. Johnson 
Chair 



Department of Psychology 
 PMB 407817  

   301 Wilson Hall,  
   111 21st Ave. South          tel 615.322.2874 

Nashville, TN 37240-7817  fax 615.343.8449 

6/14/2013 

Re: 99 mentor evaluation for Gregory Samanez-Larkin, Ph.D. 

Dear colleagues, 

I give my highest support for Dr. Greg Samanez Larkin’s continued support through the R00 phase of 
the Pathway to Independence Award. Greg has already demonstrated himself as an authority on the 
neural correlates underlying changes in decision making and value-based learning during aging. Greg’s 
publication record similarly speaks for itself as he already has 18 peer-reviewed papers, including papers 
in top tier journals such as Nature Neuroscience and Psychological Science, and 5 reviews/chapters (3 of 
these empirical papers and 3 of these reviews/chapters were published during the K99 phase in the past 
10 months). His current h-index is 13 and across publications he has over 1500 citations. He further has 
already shown leadership in the field, as he was a critical component of an R24 to create a Scientific 
Research Network on Decision Neuroscience and Aging. 

Greg’s ability level is off the charts. He combines great technical skills in image analysis, statistical 
analysis and programming, with exquisite conceptual acumen. He is creative in thinking about 
experiments, but also well grounded and practical in accomplishing tasks. He is a thorough and careful 
experimenter. These virtues are combined with an intellectual curiosity and willingness to take intellectual 
risks. He is consistently able to articulate both the strengths and weakness of different research ideas. He 
is an excellent and well-organized speaker, and writes with both precision and style. He is an easy 
person to mentor in that he has enough self-confidence to listen closely to criticisms and advice. His 
excitement about this research endeavor is contagious. Perhaps more importantly, he has a well-
developed long-term vision of where he wants his research program to go. There is little doubt that Greg 
could have skipped doing a post-doctoral fellowship and gone straight into an assistant professor position 
after completing his Ph.D. However, because his work was pointing him towards dopamine, he decided 
to forego immediate independence (and the promise of more money) to instead develop the skills to 
pursue a truly unique research program in the aging field.  

The skill set that Greg has begun to and will continue to obtain over the course of this award will 
make him a unique researcher in the field. He already has extremely developed skills in fMRI and 
behavioral economics. But with the combination of PET dopamine imaging and MRI techniques that he 
has been mastering at Vanderbilt, he will become one of the only people in the field of aging taking a 
multimodal approach to imaging the human brain, and the only individual I know of who will be combining 
these modalities to understand the relationship between changes in brain function and changes in 
decision making. He also will be one of very few scientists directly examining the impact of changes in 
motivation within the context of research on the neurobiology of aging. As such, he will be a truly unique 
researcher and a pioneer in this emerging field of research.  

His training during the mentored K99 phase has focused primarily on PET data collection, modeling, 
and analysis. He learned to combine PET and fMRI data, worked on task development to examine 
motivation-cognition interactions, and broadened his base of knowledge about cognitive control and 
neuromodulation through directed readings and hands-on research. All of these activities have 
significantly expanded the scope of his research program. Through mentoring and grant management, 
Greg also gained necessary laboratory management experience that will facilitate his transition to 
independence. 
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Mentored Hands-on Research Training. During the K99 phase Greg has begun to build a base of 
skills with multi-modal imaging by combining PET and fMRI. Greg received individualized training from 
Ron Price in the Department of Radiological Sciences to learn about kinetic modeling, and he received 
training in PET+MRI data preprocessing and coregistration in my lab. His first PET imaging publication 
with my lab was published this year in Biological Psychiatry (Samanez-Larkin et al, 2013). The study 
documents associations between individual differences in dopamine receptors and release and individual 
differences in the benefits of a dopaminergic drug for increasing cognitive flexibility. The study also 
includes a novel application of structural equation modeling (which he learned during the K99 phase as 
described below) to construct a network model of individual differences in the dopamine system and 
pharmacological cognitive enhancement. 

It will be extremely beneficial that faculty mentorship continues throughout the R00 phase while Greg 
works toward building a sustainable and successful multidisciplinary longitudinal multi-modal imaging 
project as an independent scientist. This novel study would be the first of its kind, and has the potential to 
fill in a number of gaps in the literature between psychology, neuroscience, and economics and in doing 
so contribute to a more comprehensive model of human aging. This mentorship will enable Greg to 
pursue his ambitious research plan at a far earlier stage than otherwise possible. 

Task Development. Greg worked closely with me and co-mentor, Dr. Logan, a leading expert on 
cognitive control, to develop a rewarded stop signal task. This was a rare opportunity for novel task 
development under the guidance of leading affective and cognitive psychologists. Although there are 
some limitations of the task we designed (detailed in the K99 progress report) that will prevent Greg from 
using this particular task in the R00 phase, this process has inspired Greg to continue to develop 
integrative paradigms that will lead to new approaches and research directions throughout his career. 
The other primary behavioral task used throughout this career award is a temporal discounting task, 
which was developed by collaborators, Drs. McClure and Laibson. Greg implemented this task in the K99 
phase with Dr. McClure, who is also a consultant on the R21 that supported data collection for the 
project. Greg will continue the already in progress work on adapting this task in the R00 phase for use 
with older adults (Samanez-Larkin et al 2011, Frontiers in Neuroscience). Both tasks were included in 
behavioral and fMRI studies of younger adults during the K99 phase. Both tasks also have a strong 
computational foundation from which to further develop Greg’s expertise with cognitive models. Both Drs. 
Logan and McClure have ensured that Greg has a solid foundation of modeling skills, which will be vital 
for a career focused on the multidisciplinary study of decision making. 

Increased Knowledge Base. A key training activity focused on increasing Greg’s knowledge base of 
cognitive control and the detailed neurocircuitry and function of neuromodulators. A set of directed 
readings focused on cognitive control and the dopamine system. Co-mentor, Dr. Logan, Dr. Price, and I 
recommended papers, reviews, and texts ranging from the behavioral/theoretical and neuroscience 
literature on cognitive control to the basics of pharmacology and molecular neuroscience to the details of 
PET receptor imaging methods and analysis. Although directed readings within the specialized areas 
outlined above were the core avenue for increasing Greg’s knowledge base, he also audited two 
advanced statistics courses: Computational Modeling and Structural Equation Modeling. In addition to 
this formal coursework, Greg attended a weekly meeting on countermanding that included reading and 
discussion of recent research on response inhibition and cognitive control. 

Honing Teaching and Mentoring Skills. Greg co-mentored several undergraduate and full-time 
research assistants and one undergraduate honors student with me during the K99 phase. He was 
responsible for managing 40% of the time of one full-time research assistant and was primarily 
responsible for supervising one undergraduate honors student and three undergraduate research 
assistants.  
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Building Grant Writing and Management Skills. During the K99 phase, Greg wrote two R01 grant 
applications (with me as PI) to study adult age differences in dopamine receptors and decision making. 
One of the applications was funded on the first round (R01-AG044838) and the other (R01-AG043458) 
received a favorable score and was resubmitted this March. Greg will continue to serve as KSP on these 
projects after his move to Yale. We will have weekly project meetings by phone and Greg will be regularly 
involved in data analysis. During the K99 phase, Greg assisted with grant management by taking a lead 
role on the projects funded by a recent R21 grant on dopaminergic modulation of self-regulation (R21-
DA033611). Greg and I met regularly to discuss time and budget management and research progress. 
He is now in a great position to start managing a large research fund of his own. 

Faculty Mentorship. All research activities from study design to data collection and analysis to 
manuscript preparation were carried out not only with my advice and counsel but also with additional 
faculty co-mentors and consultants (Drs. Logan and Kessler at Vanderbilt University and external 
collaborators and consultants, Drs. Jagust, McClure, Laibson, McArdle, and Carstensen). Greg had 
regular individual meetings with me to discuss progress and attended my weekly hour-long lab meetings 
where labmates provide updates and discuss research in progress, manuscripts in progress, funding 
opportunities and grantsmanship, ethical conduct of research, scheduling and human subjects issues, 
and general lab business. The mentors will continually provide feedback and guidance to Greg 
throughout the independent phase minimally over the next 3 years, but likely beyond. He has also added 
new mentors to the team at Yale (Marcia Johnson, Amy Arnsten, Becca Levy) who are experts in the 
psychology and neurobiology of aging. 

The Transition to Independence. In the autumn of the first year of the K99 phase Greg applied for 
junior faculty positions at Vanderbilt, the University of Florida, Washington University in St Louis, UCLA, 
USC, and Yale. He was offered interviews at 5 out of 6 schools and received 3 job offers before 
accepting the Yale position. Drs. Logan, Carstensen, McClure, and I assisted Greg with the preparation 
of application materials (e.g., research and teaching statements) and discussed strategies for 
interviewing and negotiating offers. He has secured a very generous offer and I am certain that he will 
thrive at Yale. 

In my continued role on Greg’s mentorship team in the R00 phase, I am fully committed to his 
development as an independent scientist. Greg has already pushed my own research agenda at 
Vanderbilt into issues of aging, and we will be working closely on our funded projects on aging over the 
next few years. Over the next three years I will meet with Greg (by phone/videochat or in person) at least 
quarterly to discuss his research program and to provide career development advice. Continued support 
through the R00 will ensure that he continues to pursue interesting questions with cutting-edge 
techniques. Even at this early stage, his work has drawn considerable attention with a recent post-doc 
award from the Cognitive Neuroscience Society and an invitation to the White House in May for a 
meeting on Psychology, Economics, and Public Policy. He was among a select group of 20 junior 
researchers invited to participate in this meeting. Given this early track record of success and the 
resources available to him in his upcoming job at Yale and through this funding source, I have no doubt 
that he will become an independent leader in the field. 

 
Sincerely, 

 
David H. Zald, Ph.D. 
Professor of Psychology & Psychiatry 



RESEARCH STRATEGY 
 

Significance 
Increases in human life expectancy over the twentieth century will continue to expand the proportion of 

older adults in the global population, magnifying the relative economic impact of their decisions. Decision 
making competence at any age relies on the integration of a number of motivational and cognitive 
subprocesses including reward sensitivity, value estimation, memory, attention, and cognitive control. A wealth 
of behavioral research on the psychology of aging reveals change over the life span in both cognition and 
motivation, making it imperative to characterize and understand age-related changes in both of these domains 
across adulthood.  

Over the past several decades, psychologists and neuroscientists have made rapid progress towards 
elucidating the effects of aging on cognition [1,2]. Both behavioral and neuroimaging studies show a negative 
linear relationship between age and perceptual and fluid cognitive performance across many types of tasks 
related to attention, memory, and cognitive control [3,4]. Although there is some evidence for intact visual 
attention and short-term memory maintenance, deficits across attention and memory have been largely 
attributed to age differences in attentional control and interference resolution [5-10]. Consistent with early 
theories that lateral frontal changes are dominant in healthy aging [11], one unifying current hypothesis is that 
deficits in memory during healthy aging are largely the result of age-related declines in inhibitory control and 
top-down suppression mediated by the lateral prefrontal cortex [12] rather than medial temporal regions like 
the hippocampus [13]. Related theories of cognitive aging are centered on age-related change in 
neuromodulation, focusing specifically on the neurotransmitter dopamine (DA). Although a number of 
theoretical accounts link DA function with age-related cognitive decline [14,15], relatively few studies have 
directly measured changes in DA function across the adult life span using positron emission tomography (PET) 
[16]. Research supporting these theories has documented relationships between decline in DA function and a 
number of fluid cognitive measures including speed of processing, working memory, episodic memory, and 
verbal fluency. Thus, theories of cognitive change in the aging brain are relatively well-grounded in 
neuroscientific evidence. 

In contrast to cognitive aging, a growing body of research suggests that motivation and emotion remains 
relatively intact across the adult life span [17-19]. These somewhat surprising findings contribute to what is 
often called the “paradox of aging.” Despite age-related losses in cognitive resources, emotional well-being 
remains relatively high in old age. This work is well organized under the theoretical framework of 
socioemotional selectivity theory (SST [20,21]). The theory contends that as people age and time horizons 
imposed by mortality shrink, people are motivated to place increasingly greater priority on goals related to well-
being. Consequently social and cognitive resources are more likely to be allocated to the regulation of 
emotional well-being [20,22]. Although research has recently begun to investigate emotional functioning in the 
aging brain [23], there is currently no established neuropsychological model of how these “motivational” 
processes work. Although some studies provide evidence for lateral prefrontal activity contributing to 
differential emotional processing in old age, a large proportion of the studies find age differences in medial 
cortical and subcortical regions [23]. Although not previously suggested 
by existing theories of aging, DA might also play an important role in 
these motivational effects. 

The DA system is composed of an interconnected network of 
structures in the midbrain, striatum, and frontal cortex [24] (Fig. 1). In the 
midbrain, the substantia nigra (SN) and ventral tegmental area (VTA) 
serve as the core source of DA for the striatum and other cortical and 
subcortical regions. Beyond these initial projections, these regions are 
organized into ascending anatomical loops through glutamatergic and 
GABAergic direct connections and relays through the globus pallidus 
(GP) and thalamus [25-27]. The connectivity of these circuits, drawn from 
early studies in non-human primates [26] and recently replicated in 
humans using diffusion tensor imaging [28,29], verifies the strong 
connectivity between the GP and cortex. The lateral cortical circuit has 
been referred to as a cognitive/executive loop whereas the ventral striatal 
and medial temporal circuit has been referred to as a motivational loop 
[30,31].  

 Importantly, DA is not only implicated in variability in cognitive 
function (as described above), but also plays an important role in 

 
Figure 1. Organization of DA source 
and target regions (38). 



motivation. Studies have recently documented a number of relationships between midbrain and striatal DA 
function and motivational characteristics such as reward sensitivity, novelty seeking, and impulsivity [32-34]. 
Theories suggesting a link between mesolimbic DA and positive emotional experience and improvements in 
cognitive control [35] have not been thoroughly tested or applied to understanding age differences in 
motivation and cognition. Overall, the relation between age-related declines in DA functioning and motivational 
factors have received little study, and no studies have explored the potential overlap of or dissociations in DA’s 
influence on neurobiological systems that are associated with cognitive and motivational changes in adulthood.  

A single study is proposed here that combines a range of measures of emotion, motivation, and cognition 
with measures of functional brain activity (with fMRI) and DA receptors and release (with PET imaging). We 
selected tasks that are likely to rely on dopaminergic function [36,37], likely to change with age [38,39], and 
likely to be related to decision making in the real world [40].  

In general, the majority of the research in the cognitive and affective neuroscience of aging is limited to 
evidence drawn from fMRI. Thus, these particular studies cannot directly speak to the possible role of age-
related DA changes. Even previous PET studies of aging are limited in their almost exclusive focus on DA 
function in striatal regions [41-46]. However, new brain imaging techniques have the potential to address these 
limitations when applied to in vivo human neuroimaging across the life span [47]. Unlike other D2/D3 ligands, 
[18F]fallypride and [11C]FLB453 allows stable estimates of D2-like binding in extrastriatal (e.g., midbrain, frontal 
cortical, medial temporal, thalamus, pallidum) regions [48-52] suitable for individual difference analyses [32-34]. 
Using these PET techniques allows for previously unavailable broad measurement of human DA receptors 
across the adult life span.  

 We have recently theorized that there may be differential decline in the DA system across adulthood. 
Reasoning from the combined literature on age differences in cognition and motivation, we theorize that 
mesolimbic aspects of the DA system (medial temporal, ventral striatal) will undergo relatively less age-related 
change when compared to anterior lateral cortical regions and interconnected pallidum [53]. In addition to PET 
data being collected at Vanderbilt University in a related project, the PET data collected for this study will also 
be used to test this hypothesis. Importantly, several unique aims will be pursued under this project at Yale. 

This project aims to provide a framework toward developing a more integrative and comprehensive theory 
of human aging that incorporates neuroscientific theories of the role of DA function for cognition and motivation 
with psychological theories of aging [11,14,15,20,54-56]. Assessing relationships between DA function across 
the brain and a wider variety of psychological processes including measures of both cognition and motivation 
as well as both laboratory-based and real-world measures of decision making has the potential for tremendous 
impact in the field. Specifically, the comprehensive assessment of both a broad range of behavior as well as 
spatial regions of the DA system has the potential to more precisely characterize age differences in the neural 
processing stream and provide focused targets for future interventions. There are currently very few scientists 
with the integrative training to approach these issues from a truly multidisciplinary perspective. Success in 
these areas will require expertise in the collection of both comprehensive sets of process-relevant behavioral 
and neurobiological measures as well as measures of decision making ability drawn from well-controlled 
laboratory studies and the real world. 
 

Innovation 
This proposal has a number of key innovations including: 1) the comprehensive examination of age 

differences across a range of psychological functions, 2) the potential to begin to construct a neurobiological 
model of the complex interactions between motivation and cognition across adulthood, and 3) the examination 
of relationships between well-controlled laboratory measures and real-world economic outcomes. 

The research is highly novel in its attempt to directly link measured DA functioning in humans to core 
behavioral measures of cognitive ability, motivation, and decision making. The existing PET research on age 
differences in DA function has been exclusively limited to examining relationships between measures of speed 
of processing and basic fluid cognitive ability. No previous PET studies have explored potential relationships 
between changes in DA and motivation in older adults. Although theories of cognitive aging are not only 
supported by but also based on neurobiological evidence for age differences, the same is currently not true for 
motivational theories of aging. Despite the large and growing body of behavioral research exploring age 
differences in motivation and emotion, far fewer functional brain imaging studies have examined these 
processes in the aging brain. Although growth in this area is encouraging, these studies have yet to provide 
much explanation for how “motivation” is associated with brain function in aging. By allowing for more direct 
assessment of the role of neuromodulation in motivation over adulthood, this critically moves the field beyond 
reliance on neurobiologically unspecified theories and toward a more integrative scientific model of human 



aging. Further, the proposed studies aim to directly extend this work to explaining decision-making behavior in 
the lab and decision outcomes in the real world. 
 

Approach 
The research proposed for this independent R00 phase will extend the candidate’s previous work on age 

differences in decision making into a study of age differences across adulthood that integrates multimodal 
imaging techniques with laboratory and real world measures of economic decision making. The R00 project will 
serve as both an independent cross-sectional study of adult age differences as well as a foundational project to 
establish a protocol for a future longitudinal multimodal imaging study of cognition, motivation, and decision 
making. 

The goal of this study is to integrate behavioral measures of decision making from the laboratory and real 
world with neuroimaging (PET, fMRI) measures of neural function to investigate age differences across 
adulthood. In this first major study as an independent scientist, the candidate will collect a range of behavioral 
and neural measures hypothesized to be both age- and DA-sensitive to more precisely isolate the individual 
contributions of DA function using radioligand PET across substructures of the DA system to specific aspects 
of reward processing and cognition. Participants will complete two reward-based tasks (a basic reward task 
and a reward-motivated cognitive learning task) while undergoing fMRI. Participants will also complete a 
subset of measures from the Health and Retirement Study (HRS) survey.  

As predicted by a combination of prior theory and neuroimaging research, we hypothesize that regions that 
have been previously associated with motivational function (ventral striatum, amygdala, midbrain) will show 
relatively weaker age differences when compared to regions previously associated with cognitive/executive 
function (anterior lateral frontal cortex and connected pallidum). Previous research suggests age-related 
declines in both basic cognitive abilities [4] and volume in a number of brain regions [57] are linear from young 
adulthood (20s) to older age (80s). We expect to observe approximately linear effects of age (i.e., age-related 
declines) in DA binding potential in the anterior and lateral cortical regions, and that these measures will 
partially account for age differences in performance on many of the cognitive measures (with the strongest 
relationships for working memory and cognitive control). The PET techniques will clarify the specific role of DA 
in previously documented PFC-mediated age-related cognitive change. We expect a different pattern to 
emerge for motivational circuits. We hypothesize that the preservation of reward processing with age will be 
associated with relatively reduced DA decline in the ventral striatum and medial temporal lobes (amygdala). As 
predicted by recent pharmacological effects in older adults [58], we expect that individual differences in DA 
release will be associated with reward learning. Across the age range we predict that individual differences in 
DA binding potential (BP) will be correlated primarily with striatal and medial frontal BOLD measures of reward 
sensitivity and reward learning (i.e., prediction errors) in the fMRI tasks. We predict that the individuals with the 
highest levels of mesolimbic preservation will also report having higher levels of emotional well being (e.g., 
relative positivity in emotional experience and fewer depressive symptoms) [23,59]. We also hypothesize that 
individual differences in neural function and performance on these laboratory-based tasks will be associated 
with decision making in the real world.  

Participants. Twenty-seven neurologically and psychiatrically healthy, drug free adults (ages 25–85) will be 
recruited to participate. An additional sample of 33 adults that also complete the behavioral and PET measures 
described below will be collected in a related study (supported by the PIs start-up funds) at Yale University. 
Thus, analyses of behavioral data, PET data, and relations between behavioral and PET data will be 
conducted in a sample of 60 adults aged 25–85. Local mentors Johnson and Arnsten will provide advice on 
recruiting older adults from the community surrounding Yale for neuroimaging studies. In addition to 
demographic measures all participants in the study will complete the following. 

Cognitive Individual Difference Measures. Participants will complete a cognitive battery including the 
Stroop task [60], the Wechsler Memory Scale (which includes several measures of immediate and delayed 
recall, recognition, and working memory) [61], measures of speed of processing (WAIS Digit Symbol Coding 
and Symbol Search [62]), verbal fluency [63], the Tests of Variables of Attention (TOVA [64]), a behavioral 
measure of task switching [65], and two measures of motor speed [66,67]. All tasks are included based on 
literature indicating that these functions decline with age [3,4,13,15,54,56] and have been linked to prefrontal 
function or DA modulation [11,15,68,69]. The speed measures are important to include given concerns raised 
about whether age-related control deficits share a significant amount of variance with simple speed of 
processing [70]. 

Emotional/Motivational Individual Difference Measures. A number of measures related to trait emotions, 
personality, and motivation will also be collected. The positive and negative affect scales (PANAS [71]) will be 
used to assess individual differences in the experience of positive and negative emotions. The Beck 



Depression Inventory (BDI [72]) will assess depressive symptoms. The Behavioral Inhibition System and 
Behavioral Activation System scale (BIS/BAS [73]) includes 4 subscales indexing drive (BAS-D), reward 
responsivity (BAS-R), fun-seeking (BAS-F), and behavioral inhibition (BIS). Additional measures include the 
Barratt Impulsivity Scale (BIS-11 [74]), the novelty-seeking subtest of the Tridimensional Personality 
Questionnaire (TPQ-NS [75]), and the NEO personality inventory-Revised [76]. 

Behavioral and fMRI Tasks. We will include measures of sensitivity to reward magnitude and a reward 
learning-dependent decision making task.  

Modified Monetary Incentive Delay (MID) Task. The MID task has been used by multiple members of our 
research team to examine individual and age differences in basic aspects of reward processing including 
sensitivity to reward magnitude, sensitivity to gains versus losses, and sensitivity to reward anticipation versus 
consumption [33,77]. In this study, we will use a variant of the MID task that also includes a reward probability 
manipulation. Four 6-minute runs of the task will be collected to examine functional sensitivity to both reward 
magnitude and probability. In this task subjects view cues indicating the potential for rewards of varying 
magnitude ($0.00, $1.00, $5.00) and varying probability (30%, 50%, 70%), respond to a target, and receive 
feedback. It is well demonstrated that there is both overlapping and distinct neural systems representing 
reward magnitude and probability, and that a subset of regions represent the combination of these variables 
(expected value) [78]. A recent meta-analysis demonstrates that the task is an excellent probe of striatal and 
medial prefrontal neural sensitivity to reward [79], with the striatal response to reward magnitude during 
anticipation showing high test-retest reliability over 1–3 years (r > .60) [80]. Additionally, for the large reported 
effect size, f2 = 3.07, of striatal activity differences during anticipation of +$5 versus +$0 cues [78], only 6 
subjects are required to achieve power of .80.  

Monetary Incentive Learning (MIL) Task. The MIL task is a simple decision making task that is highly 
dependent on rapid learning from probabilistic feedback [81]. Participants will complete 4 6-minute runs of the 
task (a total of 48 trials in each condition: gain, loss, neutral). The task assesses sensitivity to reward 
magnitude (like the MID task), but additionally measures sensitivity to reward learning signals (i.e., prediction 
errors). Although we are not predicting age differences in reward sensitivity in the MID task, we do expect an 
age-related reduction in learning signals in the striatum and medial frontal cortex [58,82] in the MIL task. We 
have demonstrated this dissociation in recent pilot data using these two tasks (Fig. 2). Thus, the inclusion of 
this task will allow us to go beyond simple measures of reward motivation and measure the additional cognitive 
demands required by learning in a novel environment. Consultant Yael Niv will assist with the computational 
modeling of prediction errors and expected values. We also expect to observe a relationship between better 
performance on this learning task and a lower debt-to-asset ratio [83]. 

MR Image Acquisition and Analysis. MR imaging will be performed on a Siemens 3T Trio TIM scanner. T1-
weighted images will be collected for structural normalization and ROI definition. T2-weighted and T2-Flair 
scans will be collected to rule out neuropathology. Prior to functional scanning, higher order shimming and a 
field map will be collected to minimize inhomogeneity and allow retrospective distortion correction. Thirty-three 
3.5 mm thick (.1 mm skip) axial oblique slices will be collected (TE=25ms, TR=2000ms, Flip=90, 80 x 80 
matrix), with slices covering the midbrain through the cingulate. Images will be preprocessed in AFNI [84]. 
Functional images will be slice-time corrected, motion corrected, coregistered to the anatomical images, 

 
Figure 2. Lack of age difference in reward response in MID task (L), but age difference in prediction error in MIL task (R) 



spatially normalized, spatially smoothed, and high-pass filtered. Coregistration of structural and functional 
images will be performed manually in AFNI. Regions of interest will be hand drawn in individual subjects and 
group analyses will use these individualized estimates. Multiple regression will be used to localize activity 
within the tasks. 

PET Image Acquisition and Analysis. All PET images will be acquired using a radiolabeled DA D2-
antagonist. Procedures for PET image acquisition and analysis follow previously published protocols [85,86]. 
All PET scans will be acquired on a Siemens HRRT scanner with resolution greater than 3mm x 3mm x 3mm. 
The radioligand will be produced in the radiochemistry laboratory attached to the PET unit. Serial scans are 
started simultaneously with the bolus injection. Dots are placed on the subject’s forehead and cheeks for 
periodic visual checks of alignment throughout the scan period, and for repositioning after breaks. Low dose 
CT scans are also collected for attenuation correction. 

Each subject’s serial PET scans will first be motion-corrected and then co-registered to each other and a 
structural MR image using algorithms based on the maximization of mutual information over a regular grid of 
splines [87]. Regional D2/D3 BP (non-displaceable) will be calculated using the reference region method 
[88,89], with cerebellum chosen as the reference region because of its relative lack of D2/D3 receptors [90]. 
Group-level and individual difference analyses of PET data will be conducted using both region of interest 
(ROI) and statistical parametric mapping approaches. Voxelwise analyses will be performed to determine if 
binding potential is significantly related to performance with p-corrected < 0.05 whole brain.  

Aging-specific PET Analyses. In the planned PET analyses we will define regions of interest in the midbrain, 
striatum, pallidum, and cortex based on methods developed for adults of various ages [91] by co-mentor 
Jagust. Behavioral measures and age will be mean-deviated and entered as regressors of interest to predict 
BP. We will also examine interactions between cortical and subcortical age-related declines in BP. When 
imaging the aging brain it is extremely important to address age differences in morphometry. Aside from 
common issues that arise with BOLD fMRI [92], findings from prior PET studies of aging may be limited by a 
lack of control for morphometric changes with age. Lacking information on morphometry, it is possible that 
observed declines in striatal D2 binding potential could be partially due to changes in grey matter rather than a 
specific D2 deficit. An additional innovation of this project is that we will examine the role of morphometric 
change, by directly examining whether controlling for structure volume in all analyses changes the results, 
applying partial volume averaging corrections for ROI analyses, and voxelwise procedures based on voxelwise 
morphometry techniques [93,94].  

Economic Measures. Measures of household financial status (e.g., accumulated assets and debt), 
perceived socio-economic status, risk preference & perception, and investment experience will be collected 
with an instrument developed and recently used by a team of psychologists and economists to examine 
relationships between psychological function and general measures of economic status [83,95]. We will include 
a questionnaire developed by the FINRA Investor Education Foundation on susceptibility to investment fraud. 
We will also include a subset of the HRS and CogEcon survey measures. We will examine the potential 
predictive validity of the behavioral (cognitive and motivational individual differences measures and laboratory 
tasks) and neural measures for decision making in the real world. 

Modifications and Alternatives. The inclusion of a consultant who is an expert in the cognitive neuroscience 
of aging and PET imaging of aging (Jagust) will allow the candidate to effectively resolve any problems he may 
encounter specific to the collection of data from an older adult sample. The inclusion of consultants who are 
experts in longitudinal study design (McArdle and Carstensen) will allow the candidate to effectively resolve 
any problems with subject recruitment, missing data, or analysis in the R00 phase as the candidate begins to 
build a cross-sectional sample that may be extended longitudinally in the future. One conceptual limitation of 
the present series of studies is that our core behavioral tasks use monetary incentives as the “motivating” 
factor. Certainly, the broad concept of motivation cannot be reduced to reward sensitivity. However, we have 
observed similar behavioral responses (reaction time speeding and accuracy) and neural responses (BOLD 
fMRI signals) to monetary incentives in prior studies across adulthood providing evidence for the motivating 
influence of these incentives [77,96]. Based on this evidence and our focus here on economic decision making, 
we adopt these reward-based tasks as an initial starting point. In future work, we will greatly expand these 
studies and the emerging theory to also integrate other socio-emotional aspects of motivation. Additional 
health-related measures may also be included after discussion with consultant Levy after PI arrives at Yale. 

Timeline. Recruitment and initial data collection will begin in Fall 2013. Data collection and preprocessing 
will be completed by four months prior to the end of the R00 phase, allowing time for final analyses, manuscript 
preparation, and preparation of the final report. At the beginning of year 3, an R01 application will be submitted 
for longitudinal follow-up.
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Targeted/Planned Enrollment Table 

This report format should NOT be used for data collection from study participants. 

Study Title: Neuromodulation of motivated cognition and decision making across adulthood 

Total Planned Enrollment: 27 
 

TARGETED/PLANNED ENROLLMENT: Number of Subjects 

Ethnic Category Females Males Total 

Hispanic or Latino 2 1 3 

Not Hispanic or Latino 12 12 24 

Ethnic Category: Total of All Subjects * 14 13 27 

Racial Categories  

American Indian/Alaska Native 0 0 0 

Asian 2 2 4 

Native Hawaiian or Other Pacific Islander  0 0 0 

Black or African American  2 2 4 

White 10 9 19 

Racial Categories: Total of All Subjects * 14 13 27 
* The “Ethnic Category: Total of All Subjects” must be equal to the “Racial Categories: Total of All Subjects.” 
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 Program Director/Principal Investigator:      Samanez Larkin, Gregory, Russell 
 (Last, first, middle) 

 PHS 398/2590 (Rev. 06/09) Page ___ Other Support Format Page   

For New and Renewal Applications (PHS 398) – DO NOT SUBMIT UNLESS REQUESTED 
For Non-competing Progress Reports (PHS 2590) – Submit only Active Support for Key Personnel 

PHS 398/2590 OTHER SUPPORT 
 
Provide active support for all key personnel. Other Support includes all financial resources, whether Federal, non-Federal, commercial or 
institutional, available in direct support of an individual's research endeavors, including but not limited to research grants, cooperative 
agreements, contracts, and/or institutional awards. Training awards, prizes, or gifts do not need to be included. 
 
There is no "form page" for other support. Information on other support should be provided in the format shown below, using continuation pages as 
necessary. Include the principal investigator's name at the top and number consecutively with the rest of the application. The sample below is 
intended to provide guidance regarding the type and extent of information requested.  
For instructions and information pertaining to the use of and policy for other support, see Other Support in the PHS 398 Part III, Policies, Assurances, 
Definitions, and Other Information.  
Note effort devoted to projects must now be measured using person months.  Indicate calendar, academic, and/or summer months associated with each 
project. 
 

Format 
 

NAME OF INDIVIDUAL 
ACTIVE/PENDING  
Project Number (Principal Investigator)  
Source 
Title of Project (or Subproject) 
 
The major goals of this project are… 

Dates of Approved/Proposed Project 
Annual Direct Costs 
 

Person Months 
(Cal/Academic/ 
Summer) 

OVERLAP (summarized for each individual) 
Samples 

 
SAMANEZ-LARKIN, G.R. 
ACTIVE 

1 K99 AG042596 01 (Samanez-Larkin)    8/1/2012 – 7/31/2013  12 calendar 
NIH/NIA        $79,736 
Neuromodulation of Motivated Cognition and Decision Making Across Adulthood 

 
Post-doctoral phase of Pathway to Independence Award supporting research on the influence of motivation 
on cognitive control and decision making using multimodal neuroimaging including fMRI and PET imaging 
of dopamine receptors. 

 
 
PENDING 

1 R00 AG042596 01 (Samanez-Larkin)    9/1/2013 – 8/30/2016  9 calendar 
NIH/NIA        $249,000 
Neuromodulation of Motivated Cognition and Decision Making Across Adulthood 

 
Pathway to Independence Award supporting research on the influence of motivation and cognition on 
decision making using multimodal neuroimaging including fMRI and PET imaging of dopamine receptors. 

 
 
OVERLAP: The R00 proposal is the second phase of the K99 award.
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General overview to HIPAA

 HIPAA Privacy  06/25/2013
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Yale University

Human Subject Protection Training - Yale
web-based training program Training

Certificate of Completion

This is to certify that

Gregory Samanez-Larkin

has completed the Yale University Training in Human Subject Protections on
06/14/13.
This course provides information on federal and University requirements
related to the ethical treatment of human research participants.
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