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The U.S. Army Research Institute for the Behavioral and Social Sciences (ARI) is the Army’s lead agency for 
the conduct of research and development in the behavioral and social sciences focused on addressing person-
nel, organization, training, and leader development issues.  ARI is a Field Operating Agency of the Offi  ce of 
the Deputy Chief of Staff , G-1, Headquarters, Department of the Army.  ARI supports the DCS, G-1 via basic 
research, applied research, and advanced technology development aimed at improving Army readiness and 
performance.

The Basic Research Program is managed within the Foundational Science Research Unit of ARI and focus-
es on creating new knowledge and concepts in support of Army needs, through the conduct of foundational 
research (6.1) in high-risk, high-reward areas.  Broad program goals are searching out and advancing state-of-
the-art theory, measures, and methods in the behavioral and social sciences.  This includes research that rep-
resents paradigm shifts, as well as more incremental theory building.  The Basic Research Program provides 
the scientifi c basis for the Army to modernize the personnel testing, training, and leader development systems 
of the Army, as well as explore avenues for the Army to maximize unit eff ectiveness.  Major themes throughout 
the basic research program include (a) advancing the science of psychological measurement, (b) understand-
ing the infl uence of environmental context on behavior, and (c) integrating computational models and analytic 
approaches from other scientifi c disciplines into the study of organizational topics.  These themes cut across 
the research portfolios.

The Basic Research Program is a critical link between the military and the scientifi c community within the 
behavioral and social sciences.  ARI’s researchers within the Basic Research Program maintain close contact 
with ARI’s applied research units, as well as the foundational research organizations within the Department 
of Defense.  This regular communication enables the Basic Research Program to defi ne new issues requiring 
fundamental research, ensures that the Basic Research Program is coordinated across military services, and 
facilitates the transition of basis research results to applied research programs for eventual use by the Army.

The Basic Research Program is focused on state-of-the-art advances in six research portfolios.

Research Portfolios and Goals

Personnel Testing and Performance
Identify and understand fundamental processes underlying stable individual diff erences related to Soldier suc-
cess and develop effi  cient, accurate assessment tools and classifi cation measures useful in mass-administration 
testing environments.

Learning in Formal and Informal Environments
Advance theoretical understanding and develop specifi c learning methods to maximize the development, reten-
tion, and transfer of complex tactical/technical, perceptual, and interpersonal skills, via both formal and infor-
mal learning environments and experience.

Leader Development 
Advance theoretical understanding of leadership and leadership development within the operational environ-
ment and at home station, and create leader development methods for maximizing the requisite cognitive, 
perceptual, and interpersonal skills for eff ective leadership across all levels of command.
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Organizational Eff ectiveness  
Expand our knowledge of the complex social, cognitive, and behavioral processes, structures, and characteris-
tics of multi-echelon organizations and develop improved methods for identifying, measuring, and modeling 
these factors for predicting and improving organizational performance and eff ectiveness.

Socio-Cultural Capabilities  
Develop theories and models of culture that can be used to improve understanding and prediction of individu-
al perceptions, cognition, and behavior within diff erent cultural contexts and develop improved processes for 
assessing culture and culture-related behavior and cognition.

Psychophysiology of Individual Diff erences 
Understand underlying physiological dissimilarities that give rise to observable individual diff erences in 
behavior and identify useful biological correlates for psychological constructs with an emphasis on psycholog-
ical primitives, while advancing understanding of the theoretical framework linking internal body functions to 
cognitive processes.

Research Program Structure and Execution 

Basic research at ARI is conducted through intramural, extramural, and collaborative mechanisms.  ARI main-
tains robust support for extramural basic research through its Single Investigator Program.  Extramural basic 
research is solicited annually through a Broad Agency Announcement.  This report provides a listing and brief 
synopsis of ongoing and recently completed extramural basic research eff orts, organized into the six research 
portfolios.  Intramural basic research is conducted by Foundational Science Research Unit (FSRU) research 
scientists and research fellows with the Consortium of Universities: This research will be incorporated into   
future reports.  Finally, ARI provides support for behavioral science research at the military service academies, 
as well as collaborating with the Army Research Offi  ce on Multidisciplinary University Research Initiatives 
with a behavioral or social science component.  

ARI’s Basic Research Program is responsible for maintaining an international behavioral science and technolo-
gy watch, and maintains outreach eff orts to Historically Black Colleges and Universities (HBCU) and Minority 
Institutions (MI). 

Additional information about these eff orts is available upon request.

Gerald F. Goodwin, Ph.D.  
Chief, Foundational Science Research Unit 

Gregory A. Ruark, Ph.D.
Team Leader, Basic Research Program 
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The Army has historically undergone cycles of rapidly growing and contracting the force and will likely continue to 
do so in the future.  The Army has a constant need to access and retain high quality personnel throughout the force 
structure.  To do this, it needs to identify and assess aptitude and skill requirements for Soldiers and leaders and to 
place personnel into jobs matched with their capabilities to encourage productivity and optimal performance in the 
Army.  Current personnel tests assess general cognitive abilities, some vocational aptitudes, and an array of tem-
perament dimensions, which provide good prediction of success in initial training and first assignment after train-
ing.  However, improvements in test efficiency, accuracy, and coverage continue to be sought to allow for improved 
prediction of Soldier success, as well as the possibility of expanding the application scope to include prediction of 
collective performance, improvements in job classification, and occupational assignments.  In order to achieve great-
er testing efficiency and accuracy, limitations of current testing methods and theory must be overcome.

The overarching goal of this research portfolio is to identify and understand fundamental processes 
underlying stable individual differences related to Soldier success and to develop efficient, accurate 

assessment tools and classification measures useful in mass-administration testing contexts.

Research objectives within this portfolio can be organized into three broad areas: 
assessment methods, measurement theory, and personnel systems.

Assessment Methods
ARI’s Basic Research Program seeks to explore the assessment of existing constructs implicated in Soldier and 
leader success to include cognitive complexity, cognitive flexibility, curiosity, creativity, spatial reasoning, social/
interpersonal skills, and fundamental cognitive abilities.  The Basic Research Program also seeks to identify testing/
assessment methods and associated statistical analysis approaches to accurately assess multiple constructs 
simultane-ously to improve selection and classification techniques, as well as new and emerging maximal 
performance testing methods that resist socially desirable responding.  

Measurement Theory
The Basic Research Program seeks to explore the boundaries of existing test theory and develop novel contributions 
that provide for understanding of test context, variation in trait/ability expression, test-taker motivation and perspec-
tive, and other relevant facets of observed score variance.  Developing a multi-level theory of selection and occupa-
tional classification processes to provide a better understanding of how individuals contribute to collective perfor-
mance is also of top priority.  Moreover, the program strives to develop job analysis theory to assess relatedness (i.e., 
similarities and differences) across many jobs in order to create overarching criteria for job classifi cation and 
compe-tency assessment while minimizing or eliminating reliance on subject matter experts.  

Personnel Systems
ARI’s Basic Research Program seeks to advance the understanding of motivational, psychological, demographic, 
organizational, and societal factors that influence personnel enlistment, retention, and productivity. 

PERSONNEL TESTING AND PERFORMANCE

DR. ANDREW J. SLAUGHTER, RESEARCH PORTFOLIO LEAD
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Currently Funded Research

ARI’s Basic Research Program is currently funding fi ve extramural research projects.  

Brief descriptions of the contracts are provided below, with detailed research summaries of each 
contract provided on pages 3-19.

Testing the Situational Strength Process Model: The Important Role of Motivational States 
   (W5J9CQ-12-C-0036; 2012–2017) 
             Dr. Reeshad Dalal (George Mason University) and colleagues are examining how implicit and explicit 

environmental cues indicating the desirability of behaviors (situational strength) infl uence the link between 
an individual’s personal characteristics and subsequent job performance.

Predicting Success With Elementary Cognitive Tasks 
   (W5J9CQ-12-C-0037; 2012–2015) 
             Dr. Meredith Frey (Otterbein University) and colleagues are developing a computer battery of tests that uti-

lize culture fair, general ability measures (e.g., reaction time, working memory), which are believed to more 
directly measure the basic processes of intelligence and remain relativity free of formally acquired knowl-
edge. 

Integrating Trait, Subjective Judgment, and Physiological Measures: Cognitive, Perceptual Speed, Psychomotor Performance and 
Sustained Operations
   (W911NF-13- 1-0441; 2013-2017)
             Dr. Phil Ackerman (Georgia Tech) is investigating individual performance, eff ort, and attention through the 

combined use of psychological traits (including traits associated with ability, personality, and  motivation)
            and key physiological indicators of arousal, stress, emotional reactions, and activity.

PERSONNEL TESTING AND PERFORMANCE

DR. ANDREW J. SLAUGHTER, RESEARCH PORTFOLIO LEAD

An Evaluation of Alternative g Tests
   (W911NF-13- 1-0353; 2013-2017)
            Dr. Michael McDaniel (Work Skills First, Inc.) is testing the extent to which the dominance of a general
            factor of intelligence (“g”) is associated with group diff erences in some of the psychometric characteristics,     
            structure, and validity of these tests.

Individual Differences and Adaptive Flexibility: A Psychoneurometric Analysis
   (W911NF-14- 1-0018; 2014-2019)
            Dr. Christopher Patrick (Florida State University) is utilizing a multi-faceted conceptual and methodological    
            approach to investigate the infl uence of key individual diff erence variables on adaptive fl exibility, 
            specifi cally boldness-fear and inhibition-disinhibition.
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Testing the Situational Strength Process Model: The
Important Role of  Motivational States
Contract #: W5J9CQ-12-C-0036 Contract Dates: 21 SEP 2012 – 26 SEP 2017 
PI: Reeshad S. Dalal  Institution: George Mason University
Co-PIs/Subcontractors: Rustin D. Meyer, Georgia Institute of Technology

M odern Soldiers operate in fl uid 
environments that sometimes 
require personal discretion, 

yet other times require strict adherence 
to orders and/or rules of engagement. 
Unfortunately, psychologists have not 
yet reached a consensus regarding the 
eff ects of various environments on 
human behavior or even how to quantify 
environments’ key characteristics. Yet, 
one concept widely acknowledged as 
relevant to both these issues is “situation-
al strength,” which is defi ned as the pres-
ence of implicit or explicit cues provided 
by external entities (e.g., leaders, col-
leagues, organizational policies) regard-
ing the desirability of potential behaviors. 
Situational strength has been shown to 
have important eff ects on a variety of 
organizationally relevant behaviors and 
outcomes, including counterproductive 
(or deviant) work behavior, which is the 
focus of the present summary.

We empirically tested an unexpected 
fi nding from our previous ARI-funded 
research: namely, that individual diff er-
ences are more strongly associated with 
counterproductive work behavior in 
strong than in weak situations (the oppo-
site of what was expected on the basis of 
conventional situational strength theory). 

Our primary argument was that employ-
ees are generally likely to show negative 
emotional responses to strong situations, 
thereby also increasing the likelihood that 
they will engage in counterproductive 
work behavior, but that this eff ect will be 
especially pronounced among those with 
an already deleterious trait profi le (e.g., 
those with low levels of Conscientious-
ness and/or Agreeableness, those with 
antisocial tendencies).

This project has important implications 
for applied research in the context of 
modern warfare. For example, situa-

tional strength could serve as the foun-
dation for a novel way of quantifying 
the momentary environments Soldiers 
experience. This information could then 
be used to better predict Soldiers’ likely 
emotional and behavioral reactions to 
these situations based on their underlying 
personality, thereby reducing deviant 
Soldier behaviors, while increasing 
Soldier productivity and “citizenship.” 
Said diff erently, this research is intended 
to facilitate sense-making across diverse 
environments, thereby helping the Army 
better understand how to select and clas-
sify Soldiers who are able to adapt and 
perform eff ectively.

Research Approach

Emotions are, by defi nition, 
fl eeting. In order to understand 
emotions and their eff ects on 

individuals’ behaviors, researchers should 
therefore sample participants over time. 
As such, the present results are based 
on 2,307 observations collected from 67 
full-time employees. Participants fi rst 
completed a battery of tests designed to 
assess their demographic background, 
personality, and typical occupational en-
vironment. Then, for a period of 2 weeks, 
participants were asked fi ve times per day 
to report on their immediate occupational 
environment, emotional experiences, and 
behaviors using either an iPod Touch 
device or their personal smartphone. This 
research design is especially well suited 
to the present research question and 
provides a level of specifi city that is often 
not available using more commonly used 
research methods.

Accomplishments

R esults of the present project re-
veal six key fi ndings (see Figure 
1 for a visual depiction). First, as 

anticipated, situational strength showed 
signifi cant momentary fl uctuations over 
the course of the observed 2-week period. 
This fi nding is a novel contribution in 
and of itself because previous research 

Situational strength is defined as “implicit or explicit cues provided 
by external entities regarding the desirability of  potential behaviors” 
(Meyer, Dalal, & Hermida, 2010, p. 122), and is believed to consist 
of  four facets (i.e., clarity, consistency, constraints, and consequences; 
Meyer et al., 2010).  The present study extends previous ARI-funded 
research through the development of  a moderated-mediation process 
model that details the joint influences of  situational strength and indi-
vidual differences on motivational states and subsequent performance 
outcomes.  This model is then extended into four areas of  inquiry:  (a) 
the relationship between situational strength and personality, moti-
vational states, and performance; (b) the additive and multiplicative 
effects of  situational strength emanating from multiple sources (e.g., 
supervisor) on goals, state affect, and task performance; (c) the emo-
tional and behavioral reactions to both conscious and non-conscious 
forms of  situational strength; and (d) the influence of  situational 
strength on organizational citizenship behaviors and counterproduc-
tive behaviors.  Combined, this research can inform applied research 
for selecting and classifying Soldiers to optimize performance.
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Model tested via the Experience Sampling Method in Project 4.

has treated situational strength as a fi xed 
characteristic of work environments. The 
presence of moment-to-moment variabil-
ity, therefore, allows us to examine situ-
ational strength’s potential connections 
with emotional experiences and specifi c 
subsequent behaviors.

Second, the personality traits of Con-
scientiousness (i.e., the extent to which 
someone is dutiful, industrious, and 
rule-oriented) and Agreeableness (i.e., 
the extent to which someone is coop-
erative, kind, and considerate) showed 
negative relationships with counterpro-
ductive work behavior, meaning that 
Conscientious and Agreeable employees 
were generally less likely to engage in 
instances of counterproductive work be-
havior than their low-Conscientiousness 
and low-Agreeableness counterparts. 
Although several previous studies have 
shown this eff ect, it is important to rep-
licate it given the nature of the research 
methods used here.

Third, and consistent with our past 
ARI-funded research, strong situations 
led to increased counterproductive work 
behavior. This fi nding is especially 
important because it was the primary 
driver of the present project. Specifi cal-
ly, we sought to investigate the extent 
to which situational strength serves as a 
“double-edged sword” that simultane-
ously encourages task performance and 
citizenship behavior, but also encour-
ages increased counterproductive work 
behavior.

Fourth, and directly relevant to the pre-
vious fi nding, another novel contribution 
of the present study is that situational 
strength correlated with state negative af-
fect, such that employees reported greater 
levels of negative aff ect in strong situa-
tions compared to weak situations. This 
fi nding is particularly important because 
it may suggest that employees generally 
react negatively to attempts by external 
entities to infl uence their behavior.

Fifth, as predicted, momentary increases 
in negative aff ect predicted momentary 

increases in counterproductive work be-
havior. This fi nding is important because 
it provides a key insight into one psycho-
logical mechanism that can help explain 
why increased situational strength leads 
to negative emotional experiences, which 
then leads to increased counterproductive 
work behavior.

Sixth, partially consistent with our expec-
tations, the aforementioned process was 
more pronounced for employees with low 
levels of Agreeableness, though not for 
those with low levels of Conscientious-
ness. This partial support suggests that 
another (i.e., non-emotional) pathway 
may exist that explains this eff ect for 
Conscientiousness. 

Data collection on two additional re-
search projects has not yet begun. One 
of these projects pertains to the rela-
tive importance of situational strength 
emanating from various sources (e.g., 
supervisor, coworkers, upper manage-
ment) in generating perceptions of over-
all situational strength and, ultimately, in 
aff ecting performance. The other project 
pertains to an investigation of uncon-
scious (as opposed to conscious) situa-
tional strength generated by non-verbal 
and emotionally laden stimuli.

Contributions to 
Basic Research

P sychologists have long argued 
that it is important to understand 
the eff ects of “the person” and 

“the situation” on human emotions and 
behavior. Research on the person-side 
has yielded numerous systems to quantify 
key variables (e.g., personality, intel-
ligence, interests), but research on the 
situation-side lags behind, in that no 
universally accepted system exists for 
classifying situations and/or the dimen-
sions that defi ne them. We argue that 
one key distinction lies in diff erentiat-
ing between the “content” of situations 
(i.e., the specifi c behavioral messages 
sent by situations) and the “strength” of 
situations (i.e., the forcefulness of these 
messages). One analogy sometimes used 
to capture this distinction involves the 
comparison of situational content and sit-
uational strength to the dials on a radio. 
Specifi cally, the channel dial on a radio 
determines what will be heard, whereas 
the volume dial determines how loudly 
that message will be projected. Situa-
tional content is analogous to the radio’s 
channel dial, whereas situational strength 
is analogous to its volume dial. Critically, 
the present study shows that, regardless 
of situational content, strong situations 
have important eff ects on employees’ 
emotional and behavioral experiences. 
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Further, these eff ects are more pro-
nounced for employees with an already 
deleterious trait profi le.

In the coming months, we will continue 
to use this dataset and general framework 
to test related ideas pertaining to addi-
tional personality traits, motivational/
emotional states, and specifi c facets of 
situational strength. It is our hope that 
this line of research will continue to shed 
important light on the ways in which 
various types of individuals respond to 
various types of situations. Thus, these 
fi ndings will also have important implica-
tions in the context of the other projects 
funded as part of the present research 
contract. For example, we predict in 
Project 3 that (a) situational strength can 
also exist beyond conscious awareness, 
but that (b) it will not lead to negative 
emotional states and, hence, negative 
behavioral outcomes such as counter-
productive work behavior. That is, we 
hope to show that the negative eff ects of 
situational strength come not from having 
one’s behavior infl uenced by external 
entities, but from being aware that one’s 
behavior has been infl uenced.

In addition, research on situational 
strength can and should be used to 
inform research on the other side of the 
coin: personality strength. The defi ni-
tion, measurement, and likely eff ects of 
personality strength should be infl uenced 
by situational strength research. Indeed, 
we are already taking our own advice 
and beginning research on personality 
strength. We discuss this project in more 
detail in the Future Plans section.

Potential Army/Military 
Applications

T he most direct implication of 
the present project for the U.S. 
Army involves better predict-

ing the conditions under which certain 
types of Soldiers are at an increased risk 
of engaging in deviance/malfeasance. 
Typically, the primary driver of emotions 

in military environments is thought to 
be their inherent danger, but the present 
research also suggests that the presence 
of behavior-relevant information might 
also be a source of negative aff ect and 
might contribute to deviant behaviors 
for certain types of Soldiers. Thus, the 
construct of situational strength has 
profound implications for the U.S. Army 
because, according to recent statements 
about the changing nature of the Army’s 
role and structure, Soldiers are operating 
in constantly changing environments. 
For example, as described in the 2007 
Army Posture Statement and both the 
2006 and 2010 Quadrennial Defense 
Review Reports, the 21st century security 
environment is likely to be one of unpre-
dictability and uncertainty, with the Army 
facing irregular and complex environ-
ments that often involve non-state actors 
who adopt unconventional methods. As 
such, it is critical to understand how and 
why diff erent types of Soldiers are likely 
to respond to changing environments in 
predictably unique ways, both for their 
own emotional well-being as well as the 
functionality and stability of their combat 
units.

These new challenges are motivating an 
Army-wide (i.e., systems-level) emphasis 
on Soldier adaptability, fl exibility, and 
uncertainty management. Stated diff er-
ently, some situations that Soldiers are 
likely to encounter are much “weaker” 
than those experienced traditionally—
and the Army as a whole is re-orienting 
to refl ect this decrease in situational 
strength. On the other hand, however, 
other situations that Soldiers are likely to 
encounter may be much “stronger” than 
those experienced traditionally (e.g., due 
to changes in rules of engagement and/
or increased consequences). As such, 
the Army would benefi t from knowing 
how Soldiers are likely to react across 
environments defi ned by varying levels 
of situational strength. This includes, for 
example, research examining how leaders 
facilitate “sense-making” and create 
shared understanding among Soldiers 
through downward feedback. 

An important large-scale applied research 
project would involve the estimation of 
situational strength for a variety of indi-
vidual Military Occupational Specialties 
and/or common types of discrete situ-
ations Soldiers are likely to experience 
throughout the course of their Army 
tenure. These estimates could then be in-
corporated into an online database similar 
to O*NET (the Occupational Information 
Network; http://online.onetcenter.org) or 
even a database of discrete situations that 
could be remotely accessed by unit Com-
manders in the fi eld. The incorporation of 
situational strength into such databases 
would allow researchers and practitioners 
to improve Human Resources systems in 
the Army by more accurately assessing 
the likely validity of predictor variables, 
and by better estimating the likelihood of 
momentary deleterious outcomes based 
on situational strength-based misfi t. 
These databases would then be updated 
at systematic intervals in order to track 
changes in situational strength as the 
Army continues to adapt in response to 
changes in its mission.

Future Plans

W e presented fi ndings from 
Project 2 to the 2015 meeting 
of the Society for Industrial 

and Organizational Psychology. We sub-
mitted these fi ndings to a peer-reviewed 
journal in late 2016.  We completed data 
collection for Project 3 and are currently 
analyzing the data.  We have submitted 
our write-up of Project 4 to the Journal 
of Applied Psychology.

Lastly, although we did not use time 
funded by the ARI contract to work 
on this endeavor, we recently wrote a 
review article on “personality strength” 
(the notion that certain types of individ-
uals are likely to be less infl uenced by 
situational cues than others), which may 
be considered “the other side of the coin” 
from situational strength. This article was 
published in the Journal of Management 
in 2015. We are currently analyzing the 
data from an experience sampling study 
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we have conducted to test several of the 
propositions articulated in this review 
paper. We have also developed an idea 
for a dynamic test of the resilience 
process based on the personality strength 
concept—and we hope to turn our atten-
tion to this project in 2017.

Associated Publications

Dalal, R. S., Meyer, R. D., Bradshaw, P.,        
  Green, J., Kelly, E., & Zhu, M.       
(2015). Personality strength and the 
reduction of situational infl uences on 
behavior. Journal of Management, 
41, 261-287.†

Green, J. P., & Dalal, R. S. (in press).  
  How journals can facilitate the study 
of underlying situational charac-
teristics distinguishing worker and 
professional samples. In press at 
Industrial and Organizational 
Psychology.†

Kelly, E. D., & Meyer, R. D. (under 
  review). The Eff ects of Momentary 
Situational Strength, State Aff ect, 
and Trait Aggression on CWB 
& OCB: A Within-Person, Pro-
cess-Based Test. Under review at 
Journal of Applied Psychology.

†This paper was not funded by the cur-
rent contract, but was informed by our 
work on the current contract. 
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Predicting Success With Elementary Cognitive Tasks
Contract #: W5J9CQ-12-C-0037 Contract Dates: 27 SEP 2012 – 15 JUN 2015 
PI: Meredith C. Frey  Institution: Otterbein University
Co-PIs/Subcontractors: Cynthia Laurie-Rose, Otterbein University

ARI has expressed a need for the 
unbiased assessment of cognitive 
abilities to assist in selection 

of personnel. Measures currently used 
by the U.S. Army, the Armed Services 
Vocational Aptitude Battery (ASVAB) 
in particular, give emphasis to verbal 
knowledge and are susceptible to envi-
ronmental eff ects, such as poor quality 
schools. The current research, therefore, 
seeks to develop a computer battery that 
more directly measures the basic process-
es of intelligence.

Researchers have turned to elementary 
cognitive tasks, or ECTs, in an eff ort to 
provide culture-fair testing across broad 
strata of the population. Applied to more 
general abilities, ECTs demonstrate 
moderate predictive validity. Further-
more, they remain relatively independent 
of knowledge acquired through formal 
schooling. These tasks off er the advan-
tage of utilizing rigorously controlled 
experimental procedures and can be 
computer-administered and precisely 
timed. Although ECTs also demonstrate 
some promise for predicting complex 
outcomes, improvements are necessary 
to achieve a more prognostic battery. 
Such improvements can draw from recent 
research that has demonstrated a relation-
ship between attention and intelligence. 
For example, researchers have found 
through the use of structural modeling 

techniques that sustained attention per-
formance predicts cognitive abilities, and 
theorists postulate that working memory 
(WM) is strongly related to both attention 
and intelligence. In addition to the timed 
measures, the subjective experience of 
subjects—assessed through workload 
inventories—may provide clues about 
the allocation of mental resources in 
demanding tasks.

While academia is only one of the many 
contexts in which intelligence in general, 
and specifi c cognitive abilities in particu-
lar, have demonstrated predictive validi-
ty, it is also the environment in which the 
utility of cognitive ability is most clearly 
and fi rmly established. Therefore, while 
the ultimate goal of this research is to 
employ ECTs in the prediction of success 
in a variety of complex environments, 
the use of academic achievement as a 
starting criterion is certainly justifi ed. 
Once the battery of tasks employed here 
is confi rmed to be both useful and unbi-
ased in an academic setting, extension of 
the research beyond the college campus 
is desired.

Research Approach

W e seek to establish a battery 
of processing speed, working 
memory, and attention tasks 

that can be used to predict complex 
achievement outcomes. These tasks, 
which are measuring the basic mecha-
nisms of cognitive functioning, have the 
advantage of being less information laden 
and are likely to demonstrate smaller 
racial/ethnic group diff erences than do 
more traditional assessments.

Our plan is to collect data from 600 par-
ticipants over a 2-year period on 
established reaction time, stimulus 
discrimination, working memory, and 
attention tasks, as well as obtaining esti-
mates of mental workload, fl uid reason-
ing ability, and academic achievement 
measures. While we seek to avoid mea-
suring learned information, we intend to 
employ tasks that are quite diffi  cult (see 
Figure 1 for an example task).  We will 
aggressively recruit minority and male 
participants from a nonselective univer-
sity in order to diminish problems due to 
restriction of range and to establish the 
presence or absence of group diff erences 
in the cognitive task battery and/or the 
achievement criterion. The predictive 
validity of the basic task battery will be 
examined across gender and racial/ethnic 
groups, and workload data will be used 
to investigate resource allocation in very 
demanding tasks. 

Accomplishments 

S ince our last report, we have 
disseminated our fi ndings in the 
following ways: (a) Year 1 and 

Measures currently used by the U.S. military, the Armed Services 
Vocational Aptitude Battery (ASVAB) in particular, give emphasis to 
verbal knowledge and are susceptible to environmental effects, such as 
poor quality education. Researchers have turned to elementary cogni-
tive tasks in an effort to provide culture-fair testing across broad strata 
of  the population. The current research seeks to develop a computer 
battery that more directly measures the basic processes of  intelligence 
utilizing elementary cognitive tasks, providing the Army with selec-
tion tasks that are less biased.

 initial Year 2 results were presented at 
an IPR briefi ng in November 2013, (b) 
complete Year 1 results were presented 
at an international conference in 
December 2013, and (c) a manuscript 
exploring one aspect of the cognitive 
task battery—an abbreviated attention 
task—was sub-mitted for publication at 
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A dual 2-back complex working memory task.  The task requires that participants 
simultaneously process and remember the location of blue boxes that appear onscreen and letter 
sounds that are presented over headphones.  Every time the location or the sound matches one 
presented two items ago, the participants are required to press a button that indicates a match.

the American Journal of Psychology.  
While there is great interest in 
abbreviated attention tasks that can be 
employed in conjunction with other tasks, 
Year 1 data indicated that this task was 
not ideal in assessing vigilance.  In short, 
participants were not required to pay 
attention long enough to make that part of 
the task challenging.  Subsequent modifi 
cations have resulted in an attention task 
that preserves the characteristics of the 
original task but includes longer periods 
of time where people must remain alert 
and focused on detecting targets that 
appear onscreen.  

This modifi ed task appears in the Year 2 
battery tested on 232 participants, and 
results indicate that the changes to the 
attention portion have yielded more 
classic decrements in performance.   In 
total, performance on the task battery 
predicted 16 – 31% of the variance in 
academic achievement. We received a 
favorable review of the manuscript and 
are in the process of completing some 
minor revisions to the paper; we 
anticipate an acceptance in the coming 
months.

Contributions to 
Basic Research

T he fi rst manuscript that stems from 
this contract primarily concerns 
an abbreviated attention task that 

we modifi ed across the periods of data 
collection.  The attention task was origi-
nally modeled closely after one proposed 
by Helton and Russell in 2011.  This 
framework, however, proved to be a poor 
indicator of a person’s ability to sustain 
attention in our sample.  In short, partici-
pants were not exhibiting classic declines 
in performance that we would expect 
from a task that requires them to attend 
to specifi c events and ignore others over 
a period of time.  Due to these surprising 
results, we were motivated to modify the 
original task to include longer periods of 
sustained attention.  This modifi cation 
has produced the appropriate declines in 

performance, and it has given us an un-
expected contribution to basic research as 
a result of this contract.  Many attention 
researchers are interested in developing 
abbreviated tasks for inclusion in longer 
batteries of tasks, and a great deal of the 
literature is devoted to fi nding appro-
priate vigil lengths.  Our fi ndings on the 
attention tasks across Years 1 and 2 will 
be included in this literature.

More broadly, the goal of this research 
is to establish a computer-administered 
battery of cognitive tasks that can be used 
to predict success in a broad sample.  We 
believe we have made important gains in 
this goal as well.  Specifi cally, prelimi-
nary analysis of our Year 2 data indicates 
that the nonverbal computer-administered 
task battery is essentially equivalent to 
more traditional assessments (the ACT 
test) in terms of predicting our success 
criteria (see Figure 2).  We chose ACT 
scores as our traditional assessment for 
four reasons: (a) it was the most widely 
used college admission test for Ohio 
colleges and universities, (b) it was avail-
able for nearly all participants, (c) it has 
been shown to correlate strongly with a 
general factor extracted from the ASVAB 

subtests, and (d) it has been shown to be 
a very strong predictor of college GPA.  

In order to place these results in proper 
context, it is important to note diff erences 
that exist between our battery and the tra-
ditional assessments currently employed.  
First, unlike the ACT test, the battery we 
designed can be completed with minimal 
reliance on previously learned informa-
tion and may be more resistant to certain 
environmental factors, such as school 
quality.  Second, and perhaps equally 
important, the battery we designed can be 
completed in under 90 minutes, including 
instructions, opportunities for self-paced 
breaks, and debriefi ng.  We contrast 
this with the ACT, which takes nearly 
3 hours of direct testing time, exclusive 
of breaks.  Including breaks and instruc-
tions, the actual administration time of 
the ACT is just over 4 hours.  Finally, we 
note that much of the extant research into 
the predictive utility of specifi c cogni-
tive abilities has focused on academic 
achievement in school-aged children; 
therefore, this research in an adult popu-
lation represents an important augmenta-
tion of the literature.  
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Correlations with success criteria.  Preliminary results from the Year 2 battery 
indicate that a 90-minute computer-administered test of basic cognitive abilities can predict 

academic success essentially equally as well as can more traditional and more time consuming 
measures.  In this fi gure, the g factor is extracted from the four ACT subtests (English, Math, 
Reading, and Science) with the addition of a short from of the Raven’s Advanced Progressive 

Matrices, a 12-item nonverbal test of fl uid reasoning ability.  

Potential Army/Military 
Applications

A ccording to Broad Agency 
Announcement W5J9CQ-
12-R-0002, the U.S. Army seeks

the following under Basic Research: 
Identifying, Assessing, and Assigning 
Quality Personnel. This research do-
main is concerned with identifying and 
measuring the aptitudes and skills that 
are unique to the human performance 
requirements of the Future Force and the 
sociological and psychological factors 
that could infl uence recruitment, reten-
tion, and Army Performance.

While the ASVAB is a good measure of 
general cognitive ability and is useful at 
predicting academic ability in addition 
to the expected military performance, 
it relies heavily on learned information 
in many subtests, despite removal of 
the numerical operations subtest and 

the addition of assembling objects. 
Furthermore, in a large representative 
sample, the ASVAB has demonstrat-
ed signifi cant racial group diff erences 
on both mean scores and on the pre-
diction of relevant criteria. It is then 
a primary purpose of this research 
to develop a test battery to predict 
achievement in a general population 
independent of the measurement of 
learned information.  The ultimate 
goal of this line of inquiry is to estab-
lish a test that can be used for Soldier 
recruitment, selection, and assign-
ment that is relatively content-free 
and demonstrates minimal group 
diff erences and predictive bias.

It is imperative that the U.S. Army 
be able to quickly identify those 
individuals who possess the cogni-
tive skills to succeed in the military 
environment.  Assessing Soldiers and 
recruits on the basis of more basic 
cognitive processes allows for an 

objective evaluation of potential without 
incorporating environmental factors.  
Because the battery is designed to be 
more culture-fair, it is likely that this 
battery of cognitive tasks will show 
much smaller, even non-signifi cant racial 
and ethnic group diff erences.  If group 
diff erences do become evident, the more 
targeted tasks allow researchers and pro-
gram developers to directly measure the 
cognitive processes responsible for the 
diff erences and, ideally, develop training 
methods to remedy such diff erences.

An additional area of strength for the bat-
tery tested is its potential to be adminis-
tered in a large-scale format to recruits in 
approximately 90 minutes.  Because the 
tests employed in this battery can be rig-
orously controlled and manipulated, there 
is the further possibility of developing a 
computer-adaptive version of the battery 
that can accurately gauge a recruit’s 
ability with relatively few items.  While 
this application may be a few years in the 
future, the fundamentals of the battery 
employed lend themselves nicely to this 
type of modifi cation.

Final Summary

T his research domain is concerned 
with identifying and measuring 
the aptitudes and skills that are 

unique to the human performance re-
quirements of Army personnel and the 
psychological factors that could infl uence 
recruitment, retention, and Army perfor-
mance.  Many attempts to assess aptitude 
(including the ASVAB) are laden with 
items that include reference to learned 
information and acculturated knowledge.  
A nonverbal battery of cognitive tasks 
that can demonstrate high predictive 
validity in a general population may 
very well prove useful in the selection 
and assignment of Army personnel.  To 
date, we have presented results from this 
research at two international conferences 
and one regional conference.  In addition, 
a paper based on Year 1 data has been 
accepted for publication in the American 
Journal of Psychology. A 
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manuscript from Year 2 data is in prepa-
ration, and we plan to submit this paper 
to the journal Intelligence.

Associated Publications

Frey, M. C., & Laurie-Rose, C. (2013,
  December).  Perceived workload and 
performance in diffi  cult nonverbal 
cognitive tasks predict academic 
achievement.  Paper presented at the 
meeting of the International Society 
for Intelligence Research, Mel-
bourne, VIC, Australia.

Laurie-Rose, C., Frey, M. C., Sibata, E.,
  & Zamary, A. (under revision).  The 
eff ects of working memory load and 
order on short duration sustained 
attention tasks.  American Journal of 
Psychology.
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Integrating Trait, Subjective Judgment, and
 Physiological Measures: Cognitive, Perceptual Speed, 
 Psychomotor Performance, and Sustained Operations

Contract #: W911NF-13-1-0441 
PI: Phillip L. Ackerman  

Contract Dates: 01 OCT 2013 – 30 NOV 2017 
Institution: Georgia Institute of Technology

T he present research seeks to ex-
tend our understanding of changes 
within social structures, particu-

larly within the intersecting domains of 
population, organization, environment, 
and technology, and their implications for 
the U.S. Army. Focus is on the intersec-
tion of one specifi c and very important 
social institution and its population—our 
Army and its Soldiers—with society 
more broadly and with other institutional 
components of society, such as the fam-
ily, the labor market, and educational in-
stitutions. The research conducted to date 
has contributed to a better understanding 
of changes within social structures and 
cultural processes, particularly within 
the intersecting domains of population, 
organization, environment, and tech-
nology. More broadly, this project also 
contributes to basic knowledge of how 
American youth and young adults have 
been changing over time.

Recent developments in hardware and 
software in the military, health care, and 
research domains have reached a point 
where such real-time assessments of key 
physiological variables (e.g., heart rate, 
skin temperature, galvanic skin response, 
respiration rate, and activity) can now be 
made for multiple individuals simultane-

ously.  In the current research program, 
these key physiological assessments will 
be taken during baseline (in and outside 
of the laboratory), during task perfor-
mance, and anticipation/recovery periods 
to determine the associations between 
individual diff erences in physiological 
reactivity and modulations in eff ort, sub-
jective perceptions, and performance.

The goal of this research program is 
to integrate individual characteristics 
of ability, personality, and motivation 
(traits), and task characteristics across be-
havioral, self-report, and key physiologi-
cal indicators of arousal, stress, emotion-
al reactions, and activity.  The approach 
taken is a multidisciplinary integration 
of several theory-based perspectives, 
including cognitive (ability), aff ective 
(personality), and conative (motivation 
or will).  This integrated framework is 
extended to two broad physiological 
processes–a behavioral activation system 
(that is associated with approach or task 
engagement) and a behavioral inhibition 
system (that is associated with avoidance 
or a desire for disengagement).  Together, 
these processes are to be examined in the 
context of performance and physiological 
reactivity during cognitive, perceptual 
speed, and psychomotor testing, during 

sustained operations, and under diff erent 
motivational interventions.

Research Approach

B ased on the use of portable phys-
iological recording devices (heart 
rate, respiration rate, and galvanic 

skin response), and a previously validat-
ed set of assessment measures (cogni-
tive, perceptual speed, and psychomotor 
abilities), skill acquisition, and sustained 
performance measures, the goal is to 
triangulate the ebb and fl ow of individual 
eff ort levels, performance, and subjective 
experiences of eff ort, perceived fatigue, 
and stress.  Additional investigations will 
focus on whether physiological markers 
anticipate or follow performance and 
subjective estimates of eff ort during 
stress, engagement, and fatigue condi-
tions.  From these data, individuals will 
be classifi ed in terms of over-responders 
(people who have large fl uctuations of 
physiological markers for eff ort alloca-
tions), normals, and under-responders 
(people who evidence minimal physio-
logical reactivity to task demands).

Accomplishments

T here were three major challenges 
to be met in the this project.  The 
fi rst challenge was to complete

acquisition of the ambulatory 
physiological assessment devices and ac-
quire skill in using the hardware and soft-
ware for post-processing the data.  The 
second challenge was to implement phys-
iological data collection in the context of 
assessments of cognitive, perceptual 
speed, and psychomotor abilities, along 
with subjective judgments in large-scale 
individual diff erences experiments.  The 
third challenge was to select key physio-
logical measures from an array of assess-
ments and determine whether patterns of 
participant physiological reactivity could 
be used to triangulate with performance 
measures and subjective estimates of eff 
ort, fatigue, etc.

This research is designed to study individual performance, effort, and 
attention through the combined use of  psychological traits (including 
traits associated with ability, personality, and motivation) and key 
physiological indicators of  arousal, stress, emotional reactions, and 
activity. The relationship between traditional individual differences 
and physiological measures will be explored and used to help
develop new ways of  using sensor data to model and predict 
individual engagement.
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To meet the fi rst challenge, we invested 
considerable time and eff ort in the fi rst 
quarter in selecting the most promising 
hardware and software technology for 
ambulatory physiological assessments, 
namely the Equivital systems (including 
recording module, heart-rate and res-
piration measurement chest straps, and 
galvanic skin response [GSR] modules 
and fi nger sensors) and the Vivosense 
software for post-processing data from 
the Equivital systems.  As with adoption 
of any cutting-edge technology, there 
was a series of obstacles that had to be 
overcome, including limitations of the 
recording devices that were not immedi-
ately apparent at the 
pre-purchase evaluation stage (e.g., 
belt fi tting diffi  culties, situations where 
recordings were intermittent or degrad-
ed, determining optimal time-slices for 
assessment purposes, handling recording 
anomalies in post-processing).  Some of 
these issues were addressed in the initial 
pilot-testing of the systems, and some 
(e.g., the data post-processing issues) are 
ongoing issues that we are still working 
through.

Meeting the second challenge required 
tailoring our previous protocols for 
assessment of individual diff erences in 
cognitive, aff ective, and conative (moti-
vation/eff ort) variables to accommodate 
the additional requirements for belt-and-
module fi tting, establishing physiological 
baseline measurement periods, and pro-
viding for time-synching physiological 
and psychological/behavioral assess-
ments.  During the second quarter, we 
worked through these issues suffi  ciently 
to allow for completion of the fi rst empir-
ical [baseline] study, with minimal loss 
of physiological data.  During the third 
quarter, we extended these procedures 
with pilot testing and the start of data 
collection on the second empirical study 
[examination of physiological reactivity 
under diff erent task speed/accuracy trade-
off  instructions].

Meeting the third challenge–to select key 
physiological measures from an array of 
assessments–is an ongoing task.  The re-

cording devices and post-processing soft-
ware provide a large array of candidate 
physiological variables (ranging from 
baseline heart rate, GSR, and respiration 
rates, to a variety of heart-rate variability 
measures).  To date, we have identifi ed a 
set of fewer than a dozen variables, and 
are currently evaluating the psychometric 
properties of these variables (e.g., reli-
ability and communality).  The process of 
settling on a fi nal set of variables is an it-
erative process, which will involve trian-
gulation with performance and subjective 
estimates of fatigue, eff ort, and task-ori-
ented aff ect.  Figures 1 and 2 provide 
examples of the kinds of data we have 
processed so far.  The fi rst fi gure shows 
the high-frequency component of heart 
rate variability samples for three partici-
pants across a single session of Study 1.  
The second fi gure shows the GSR (raw 
measurements) for another three partici-
pants in Study 1.  These fi gures illustrate 
the diff erential patterns of reactivity to 
diff erent portions of the study protocol 
(e.g., during cognitive ability testing and 
perceptual speed testing).  We expect to 
have additional progress made in meeting 
this challenge by the end of the fourth 
quarter.

Contributions to 
Basic Research

T he main activities of the project to 
date have been in evaluating the 
ambulatory physiological record-

ing devices, acquiring expertise in inte-
grating physiological variable recording 
into large-scale assessments of individu-
als during testing and task performance, 
and data processing.  As completion of 
the data analyses for Study 1 is accom-
plished, along with completion of data 
collection/analyses from Study 2 and 
Study 3, it is expected that there will be a 
suffi  cient basis for contributions to basic 
research in terms of both methodologi-
cal techniques and substantive content 
(integrating physiological measures with 
performance measures and subjective 
judgments of eff ort, fatigue, and so on).  
These initial contributions from the fi rst 
three studies are expected to be complet-
ed in the next several months. 

Sample heart rate variability (high frequency) data from Study 1.
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Potential Army/Military
Applications

Modern psychology has amassed 
considerable theory and em-
pirical research on four major 

domains: (a) individual diff erences in 
cognitive, aff ective, and conative traits; 
(b) categorization of task demands, in
terms of both cognitive information pro-
cessing and to a lesser degree, aff ective
and self-regulatory demands; (c) physio-
logical responses to a variety of psycho-
logically-derived stimuli and situations;
and (d) research on the nature and course
of mental/cognitive fatigue.  Together,
these domains have yielded signifi cant
contributions to the prediction of both
group-level performance measures and
the prediction of individual diff erences in
performance.  Group-level predictions of
performance have been greatly enhanced
over the last century on the basis of a
variety of diff erent task analysis ap-
proaches, with early salient developments
from eff orts by Taylor and Gilbreth from
time and motion studies, and strides into

critical incident techniques (Flanagan) 
and engineering psychology (Fitts) that 
were developed by the U.S. Army Air 
Forces during WWII.

Nonetheless, there has been a paucity of 
research eff orts that have made signif-
icant progress toward integrating these 
various domains so as to provide predic-
tions of real-world performance of indi-
viduals, beyond assessment of abilities 
and major personality traits.  For exam-
ple, predicting which individuals will 
respond to conditions of mental fatigue 
by increasing eff ort, decreasing eff ort, 
or keeping a steady level of eff ort, is 
something that has not yet been achieved, 
despite considerable research eff orts.  
Prediction of individual diff erences in 
vigilance-type task performance is not 
much better, even though this is a job/
task that has central importance to both 
military and civilian applications.

There are several short-term and long-
term potential applications of the current 
research program.  In the short term, the 
categorizations of individuals in terms 
of their physiological reactivity may be 

applicable to measurement and prediction 
of engagement-involvement of individ-
uals in a variety of diff erent job/tasks, 
which in turn, may be used in the context 
of training interventions.  Because the 
methodology of physiological assess-
ment being developed and implemented 
in these studies allows for real-time 
assessments of physiological reactivity, 
it may be possible to assess both indi-
vidual cognitive loads and individual 
engagement-involvement in tasks.  Such 
information may be useful in determining 
the level of challenge or diffi  culty that 
is most suitable in training designs, to 
maximize learning and skill acquisition, 
and to determine when individuals are 
being asked to process novel information 
or tasks that are beyond their “zone of 
tolerable problematicity.”  Similarly, 
real-time assessments of perceptual 
speed, psychomotor performance, phys-
iological reactivity, and engagement-in-
volvement might be used to determine 
‘suitability for sustained operations’ for 
individuals, based on the linked perfor-
mance/physiological status data, espe-
cially for mission-critical tasks.

In the longer term, achieving an under-
standing that links individual diff erences 
in abilities, personality traits, and inter-
ests with individual diff erences in physi-
ological reactivity to task demands across 
diff erent task domains (e.g., cognitive, 
perceptual, psychomotor), may inform 
decisions about selection (in terms of 
predicting the individual’s suitability for 
training or specifi c jobs/tasks) or classi-
fi cation decisions (such as high-stress or 
low-stress tasks, team/individual tasks, 
cognitive/perceptual demand tasks, etc.).

Future Plans

Future plans are largely summarized 
in the original research proposal.  
For the remainder of Year 1, the 

main projects are data analysis of Study 1 
(baseline), completion of Study 2 (speed/
accuracy trade-off ), and Study 3 (skill 
acquisition), with later studies to evalu-
ate physiological markers for reactivity 

Sample galvanic skin response (raw) data from Study 1.
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during sustained operations and physio-
logical indicators of eff ort, and fatigue, 
under motivational interventions.  In 
addition, based on suggestions from ARI 
researchers, I hope to augment the cur-
rent physiological assessment procedures 
with new devices that are coming on-line 
to assess outside-the-lab physiological 
activity, heart rate patterns, and rest 
cycles (to be supplemented with assess-
ments of caff eine intake, fl uctuations of 
mode and positive/negative aff ect).

As data collection and data analyses are 
completed, I expect that the scientifi c 
eff orts (e.g., presentations and publica-
tions) will have a two-pronged focus, 
namely:  First, to spell out the methodol-
ogy of integrating physiological, behav-
ioral, and subjective judgments of eff ort, 
engagement and fatigue; and second, to 
focus on the accuracy of categorizing 
individuals in terms of engagement-in-
volvement and aversion-disengagement 
testing conditions, during skill acquisi-
tion, and under fatigue-inducing perfor-
mance conditions, and on the relations 
between trait indicators and physiological 
response profi les.

The overarching goal of this project is 
to integrate physiological assessments 
with trait measures (ability, personality, 
motivation), performance measures, and 
subjective judgments of eff ort, fatigue, 

and aff ect–before, during, and after 
expenditures of cognitive eff ort during 
ability assessment, learning/skill acqui-
sition, and in reaction to interventions 
designed to increase task-oriented mo-
tivation.  From the current and planned 
studies, the aim is to provide: (a) method-
ological tools/procedures for integrating 
physiological measures with behavioral 
data and subjective judgments; (b) an 
empirical basis for categorizing groups 
of individuals in terms of physiological 
reactivity and alignment of physiological 
responses, individual diff erences in per-
formance, and individual diff erences in 
subjective evaluations of eff ort expended 
in task performance; and (c) an explicit 
theoretical account of (a) and (b) above. 
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An Evaluation of  Alternative g Tests
Contract #: W911NF-13-1-0353 
PI: Michael A. McDaniel  

Contract Dates: 27 SEP 2013 – 26 June 2017 
Institution: Work Skills First, Inc.

The goal of  this research is to explore some of  the psychometric and 
theoretical issues surrounding the development and use of  cognitive 
ability tests. Specifically, this research seeks to test the extent to which 
the dominance of  a general factor of  intelligence (“g”) is associated 
with group differences in some of  the psychometric characteristics, 
structure, and validity of  these tests. In addition, tests based on differ-
ent theoretical approaches to defining cognitive ability will be com-
pared, and the characteristics of  specific items will be explored. 

Some have sought to develop tests 
of general cognitive ability (g) that 
are good tests of g but which have 

low mean racial score diff erences. We 
refer to such tests as “alternative g tests” 
to distinguish them from g tests common 
to the psychometric g literature (such as 
the ASVAB). In this research, we seek 
to evaluate the credibility of Spearman’s 
Hypothesis as an explanation for results 
common to alternative g tests. 

Spearman (1927) addressed this question: 
What causes one g test to have smaller 
mean racial diff erences than another?  In 
response, he noted that the magnitude of 
mean White-Black diff erences co-var-
ied with the extent to which a test was 
“saturated with g” (Spearman, 1927, p. 
379). By “saturated with g,” he meant 
the extent to which the test measures g. 
The positive relationship between the g 
saturation of tests and the magnitude of 
the tests’ White-Black mean diff erences 
became known as “Spearman’s Hypothe-
sis.”  To accept Spearman’s Hypothesis is 
to argue that one cannot develop a g test 
that measures g well (i.e., a test that has 
high g saturation), but with low White-
Black mean diff erences. Given that this 
is a dire conclusion, some researchers 
have sought to develop measures of g 
that have high g saturation but that also 
have low mean racial score diff erences. 

Thus, these alternative g researchers seek 
to fi nd exceptions to Spearman’s Hypoth-
esis. 

In the project, we examine Spearman’s 
Hypothesis as an explanation for results 
common to alternative g tests. We do 
this in four steps. First, we obtained two 
alternative g tests. Also, we developed 
conceptually similar item sets to the test 
we were unable to obtain from an alter-
native g test vendor. Second, after ARI 
human subject approval, these alterna-
tive g tests are to be administered along 
with traditional assessments of g. Third, 
the g saturation of all administered tests 
would be determined, and a comparison 
of g saturation with mean racial diff er-
ences would be made. Fourth, we would 
evaluate validity and prediction errors as 
a function of g saturation.

If the results are consistent with Spear-
man’s Hypothesis, this would permit the 
claims of alternative g researchers to be 
refuted, and employers would have evi-
dence to demonstrate that such measures 
are less eff ective than traditional g mea-
sures. On the other hand, if the g satura-
tion of the alternative g scales is not fully 
consistent with Spearman’s Hypothesis, 
then the alternative g scales are worthy of 
additional attention. 

Research Approach

During the fi rst year of the project, 
two alternative g tests were 
obtained and others were devel-

oped.  Traditional (psychometric) g tests 
were drawn from public sources; others 
were developed.  After ARI human sub-
jects approval is obtained, the fi nal test 
battery will be administered through the 
Internet to adults 18 years and older who 
reside in the United States. Analyses will 
be conducted to evaluate g saturation, 
mean group diff erences, validity, and 
prediction errors. Results consistent with 
Spearman’s Hypothesis would resem-
ble Figure 1, which indicates that both 
validity and the mean group diff erences 
increase as g saturation increases. 

Potential Army/Military
Applications

A s noted on the Army Diversity 
website (http://www.armydiver-
sity.army.mil/index.html), 

“Every U.S. Army Soldier … has a dif-
ferent background, culture, and thought 
process from which he or she can draw. 
When these separate diff erences are com-
bined and work together, it contributes 
to an adaptive, culturally astute Army 
that further enhances our capabilities 
around the world.” Thus, the Army not 
only seeks to bring the best talent into its 
organization, but to tap the diverse char-
acteristics, experiences, and backgrounds 
of its members to enhance the mission of 
the Army. 

A key component of the Army’s diver-
sity mission is the talent management 
process, which includes screening of 
aspiring recruits to ensure both excellent 
performance in the Army and racial di-
versity. To assist in the Army’s mission to 
obtain the best talent, aspiring recruits are 
screened with the ASVAB. The ASVAB 
is primarily an assessment of cognitive 
skills. There is substantial evidence that 
the ASVAB does an excellent job of 
identifying those with the cognitive skills 
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needed for successful performance in the 
Army. However, the use of the ASVAB 
yields the same dilemma found with all 
tests assessing cognitive skills. Specif-
ically, there are typically mean racial 
diff erences in ASVAB test scores favor-
ing Whites and Asians and disfavoring 
Blacks and Hispanics. This circumstance 
is often termed the validity–diversity 
dilemma because using a cognitive test 
to select the best talent often results in 
a racially unbalanced workforce. Thus, 
it is in the best interests of the Army to 
consider ways of resolving the validity–
diversity dilemma.

Given the validity-diversity dilemma, 
some researchers seek to develop alter-
native g tests in an attempt to measure 
cognitive skills well but with lower mean 
racial diff erences. If it is true that alterna-
tive g tests measure cognitive skills well 
and predict job performance (i.e., have 
validity) as well as traditional g tests such 
as the ASVAB, one needs to also evalu-
ate whether such tests have lower mean 
racial diff erences. If the mean racial 
diff erences of the alternative g tests are 
smaller than the traditional g tests, the 
Army may have the opportunity to re-
solve the validity-diversity dilemma. 

The challenge is to determine if the 
claims made regarding alternative g tests 
are true.  Thus, this research seeks to 
evaluate the claims made about alter-
native g tests to determine their value 
for the Army. We seek to know if the 
alternative g tests assess cognitive skills 
as well as traditional g tests. We also 
seek to know whether they are as valid 
as traditional g tests in predicting job 
performance and result in reduced mean 
test score diff erences among races. 

Future Plans

I n the fi rst year of the contract, we 
obtained alternative g tests and tradi-
tional g tests. We also developed al-

ternative g tests with item types concep-
tually similar to an alternative g test that 
we were unable to obtain from its owner.  

We await ARI human subjects approval 
needed to pilot test these measures. After 
receipt of ARI human subjects approval 
and pilot testing, the resulting items will 
be assembled into the fi nal test battery. 
After the fi nal test battery has received 
human subject approval, it will be admin-
istered through the Internet.  

Respondents will be screened to restrict 
the sample to those who are at least 18 
and who have suffi  cient literacy to com-
prehend the test battery. We anticipate 
collecting data from approximately 400 
Whites, 400 Blacks, 400 Asians, and 400 
Hispanics.  This should provide adequate 
data for the analyses needed for this 
research. 

Illustrative results consistent with
Spearman’s Hypothesis.
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Individual Differences and Adaptive Flexibility:
A Psychoneurometric Analysis
Contract #: W911NF-14-1-0018 
PI: Christopher J. Patrick  

Contract Dates: 1 APR 2014 – 31 JUL 2019 
Institution: Florida State University

Co-PI: Walter R. Boot, Florida State University

This research uses a multi-faceted conceptual and methodological 
approach to investigate the influence of  key individual difference 
variables on adaptive flexibility. These include studying the effects of  
boldness-fear and inhibition-disinhibition. The research also makes 
use of  a new approach to psychometric-neurophysiological assess-
ment, using a joint approach to measuring and conceptualizing these 
individual difference constructs.

T he ability to adapt to situations 
involving dynamic change and 
stress or uncertainty is crucial to 

eff ectiveness at all levels of military ser-
vice. This research project is directed at 
developing and validating new methods 
for assessing dispositional characteristics 
that contribute to adaptive fl exibility in 
challenging performance contexts.

This project involves a novel approach 
to assessment, combining bio-behavioral 
dispositions that can be quantifi ed reli-
ably through use of physiological (e.g., 
brain) and behavioral (e.g., response 
speed/accuracy) measures along with 
traditional self-report measures. 

We hypothesize that dispositional 
characteristics assessed in this way will 
predict on-line performance in dynamic 
tasks more accurately than dispositions 
assessed through self-report alone—and 
by extension, prove more eff ective for 
assigning personnel to service duties that 
call for adaptive fl exibility. 

This research focuses on two disposi-
tional characteristics relevant to military 
applications: boldness (fear/fearlessness) 
and self-control (inhibition/disinhibi-
tion). Substantial evidence points to a 
biological basis to these dispositions, 
and reliable physiological correlates 
have been demonstrated for each. For 

example, high boldness is associated 
with reduced fear in contexts of threat as 
indexed by noise-probe startle response, 
and high disinhibition is associated with 
reduced recognition of mistakes in task 
contexts as indexed by error-related brain 
response. 

Research has also shown these dispo-
sitions to be important for behavioral 
performance. High-bold individuals are 
less distracted by incidental threat cues 
when performing an instructed task, and 
high-disinhibited individuals exhibit im-
paired performance on tasks that call for 
suppression of prepotent responses.   

The current project uses a well-estab-
lished lab performance procedure, the 
task-switching paradigm, to evaluate 
eff ects of boldness and disinhibition 
on fl exible responding under stressful 
and nonstressful circumstances.  Ma-
jor hypotheses are that: (a) high-bold 
individuals will show less disruption of 
fl exible responding under conditions of 
physical threat, (b) disinhibition will ex-
ert a general deleterious eff ect on fl exible 
responding, such that low-bold individ-
uals highest in disinhibition will show 
the greatest decrement in task-switching 
performance under conditions of threat, 
and (c) physiological and lab-behavioral 
indicators of boldness and disinhibition 
will contribute to prediction of fl exible 

responding over and above self-report 
measures of these dispositions. This 
project will demonstrate the utility of the 
task-switching paradigm as a method for 
evaluating eff ects of biologically-based 
dispositions on an important facet of 
adaptability; fl exible shifting of behav-
ior.  Follow-up research can provide for 
assessment of adaptive capabilities under 
conditions closer to real life by incor-
porating the task-switching procedure 
into more complex simulation tasks or 
live-action role-playing scenarios.

Research Approach

T he two key elements of the 
research approach are: (a) use of 
physiological and behavioral as 

well as self-report measures to quantify 
individual diff erences in boldness and 
disinhibition, and (b) use of novel vari-
ants of the well-established task-switch-
ing paradigm to evaluate eff ects of these 
dispositions on fl exible responding under 
stressful and non-stressful conditions.  In 
a common version of the task-switch-
ing procedure, participants alternate 
between two tasks entailing responses 
to ongoing number stimuli (i.e., high or 
low, odd or even) based on the font-color 
of numbers. In the current project, we 
are using an alternative ‘face-stimulus’ 
version (see Figure 1), with performance 
of task-switching under conditions of 
threat (i.e., a concurrent cue signaling 
the possibility of shock) or safety (i.e., 
no concurrent shock cue).  Prior to the 
task-switching procedure, participants 
(university undergraduates and adults 
from the general community) complete 
questionnaire measures of boldness and 
disinhibition and undergo aff ective and 
cognitive task assessments designed to 
yield physiological and behavioral indi-
cators of these dispositions.

Accomplishments

A major aim of the project is to es-
tablish feasible new methods for  
assessing individual diff erences 
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in traits relevant to adaptive performance. 
During the past year, we advanced this 
aim in major ways. 

First, we completed pilot testing and ini-
tial validation of our experimental tasks 
and measures. This involved creating and 
verifying the eff ectiveness of our novel 
“tilted faces” version of the switched-
task paradigm. We have also verifi ed the 
eff ectiveness of the shock-threat proce-
dure for eliciting fear (see Figure 2) and 
conducted preliminary examinations into 
the relationship between boldness and 
performance under threat vs. non-threat 
conditions (Figure 3).

Data have been collected from approx-
imately 90 participants. This includes 
both biobehavioral measures of fear (e.g., 
blink response), psychometric measures, 
and task performance data.

Finally, work on this grant has pro-
duced a number of publications and 
presentations relevant to the assessment 
of individual diff erences using both 
psychometric and biobehavioral mea-
sures. This includes a key paper on the 
joint psychometric-neurophysiological 
assessment of dispositional boldness/fear, 
to appear in a special issue of Psycho-

physiology; several papers on theoretical 
models of personality related to boldness 
and disinhibition; and a number of formal 
presentations of our fi ndings and theoreti-
cal approach at scientifi c conferences.

Contributions to 
Basic Research

A major aim of the project is to es-
tablish feasible new methods for 
assessing individual diff erences 

in traits relevant to adaptive performance. 
During the past year, we advanced this 
aim in major ways, including: (a) com-
pleting a key paper on joint psychomet-
ric-neurophysiological assessment of dis-
positional boldness/fear to appear in an 
upcoming special issue of Psychophysi-
ology, (b) collecting psychometric-scale, 
task-behavioral, and neurophysiological 
measures from ~ 90 participants as a step 
toward establishing a new multi-domain 
assessment of trait inhibition-disinhibi-
tion (I-D)—with plans to expand this to 
N = 160 during the coming year.

The tasks, measures, and analytical mod-
els developed for this research project 
have the potential to provide new ways to 
integrate psychometric measures and 
biobehavioral measures in a way that 
allows for a better understanding of 
individual diff erences related to inhibi-
tion/disinhibition and fear/boldness. This 
includes, for example, the refi nement of 
methods using structural equation mod-
eling (SEM) to combine measurements 
from across a wide variety of sources.

Potential Army/Military 
Applications

T he current research will contribute 
to the Army’s mission by helping 
to optimize procedures for assign-

ing personnel to tasks requiring distinct 
adaptive capabilities and skill sets.     
Findings from this work will contribute 
to the development of new assessment 

Schematic of ‘faces’ task-switching 
paradigm used in current project. For faces tilted 

toward right, task is to indicate (via left/right 
button press) whether the face is male or female; 

for faces tilted toward left, task is to indicate 
whether the frame surrounding the face is red or 

green in color. 

Pilot sample data (N=18) demon-
strating eff ectiveness of the threat manipulation 

used in Study 1 of this project. In “threat” 
blocks, a cue indicates that a shock may be 

administered to the fi nger. In “safe” conditions, 
a cue indicates that no shock will be delivered.

Relationship between diff erential 
performance accuracy during Threat vs. Safe 

task blocks as a function of Boldness scale score 
(pilot sample, N = 18). Whereas low-bold sub-
jects show reduced accuracy in the shock-threat 

condition relative to the no-shock condition, 
high-bold subjects showed enhanced accuracy. 

tools for use in military classifi cation 
and assignment, while also advancing 
scientifi c knowledge regarding the nature 
and neurobiological bases of disposi-
tional characteristics that determine 
performance. Additionally, the work will 
have implications for training of military 
personnel.

The current experimental eff orts help to 
lay the groundwork for future studies 
using more realistic performance simula-
tions. To enhance realism while
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maintaining experimental control, the 
task-switching procedure (including 
threat/safe manipulation) can be adapted 
to simulations of social interactions or 
combat situations by altering procedural 
elements to achieve higher verisimili-
tude. For example, in place of colored 
numbers, cues signaling the need for 
shifts in responding could be presented 
during performance of vehicular opera-
tions in a driving simulator; a simulator 
of this type is available in project Co-I 
Walter Boot’s Attention and Training 
Lab. Work of this kind would advance 
understanding of the impact of dispo-
sitional characteristics on real-world 
machine operation under circumstances 
akin to those commonly encountered in 
military settings (e.g., physical, psycho-
logical, or social stress, mental fatigue or 
boredom, attentional distraction).

The basic task-switching paradigm could 
also be modifi ed to simulate features of 
military situations entailing deployment 
of troops or resources, or assignment of 
orders regarding movements or actions. 
Increased realism along these lines would 
provide new insights into dispositional 
characteristics relevant to performance 
and their neuro-physiological bases, as 
well as contributing to assessment meth-
ods and predictive success in real-world 
contexts. 

In terms of long-term potential appli-
cations, the models and methods being 
developed in this project could help pro-
vide additional ways to make use of data 
from advanced biometric sensors or other 
sources and to integrate such data into a 
more complete picture of individual and 
group psychological states.
Such measures could be used to help 
provide new methods of selecting or as-
signing military personnel—for example, 
by helping to identify how diff erent indi-
viduals may be likely to perform under 
conditions of fear and stress.

Future Plans

T he protocol for this study was 
fi nalized during Spring 2015 and 
full testing sessions were initiat-

ed during Summer 2015. Pre-selection 
occurs through classroom screening (un-
dergraduates) and on-line questionnaire 
administration (community adults). 
Along with self-report measures, the 
testing protocol includes tasks that yield 
physiological and behavioral indicators 
of boldness and disinhibition, followed 
by performance of task-switching in al-
ternating blocks of shock-threat (in which 
a cue signals the possible occurrence of 
shock) and non-threat trials. Testing ses-
sions are being conducted by highly ex-
perienced lab personnel, with assistance 
from more-recently trained personnel. 
Each full testing session requires approx-
imately 3.5 hours. Assuming replacement 
of 10-15% of test subjects, the overall 
number of participants for Study 1 is 
expected to be 92–97. 

Our plan for the forthcoming year of the 
project is to complete the data collection 
for Study 1 and to pilot and implement 
procedures for Study 2, which entails a 
fairly straightforward variant of Study 1 
(i.e., with shock-threat occurring on a tri-
al-by-trial basis, rather than across blocks 
of task-switching trials). Questionnaire 
data are being entered and scored and 
digitized physiological and behavioral 
data are being processed for analysis as 
testing sessions for Study 1 proceed. 

During the coming year, we will also 
continue devoting eff ort to preparation 
and submission of additional manuscripts 
and review articles/chapters related to the 
aims of this project.
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LEARNING IN FORMAL AND INFORMAL ENVIRONMENTS

DR. GREGORY A. RUARK, RESEARCH PORTFOLIO LEAD

The operational environment of the Army over the last 10 years has created significant pressure on the Army 
training and educational institutions, individual Soldiers, and leaders to maximize all opportunities for learning.  
These pressures will continue in the future as the Army reduces its number of personnel while also fulfilling the 
necessary emphasis on a diverse spectrum of operations (e.g., combat, security missions).  In addition to defensive 
and stability operations, non-state adversaries that embed within local populations will continue to present unique 
challenges for detecting threats to U.S. and coalition personnel.  Soldiers and leaders will be responsible for 
developing a broader array of skills and to reach higher levels of proficiency earlier in their careers.  This will 
require a sustained focus on maximizing learning from formal learning environments, including individual or 
collective classroom training and technology-delivered training, while reducing the length of time to achieve skill 
mastery. Uncertainty about future operational environments will also require all Army personnel and units to 
identify critical operational areas in need of change/development and to learn quickly from informal learning 
experiences, including their battlefield experi-ences, mentoring, shared experiences of others, and self-development.  

The overarching goal of this research portfolio is to advance theoretical understanding and develop 
specifi c learning methods to maximize the development, retention, and transfer of complex tactical/

technical, perceptual, and interpersonal skills via learning from both formal and informal 
learning environments and experiences.

Research objectives within this portfolio can be organized into three broad areas: 
learning theory, learning methods, and learning assessment.

Learning Theory
ARI’s Basic Research Program strives to develop longitudinal theory and measurement approaches to understand 
change in an individual’s knowledge/skill development, retention, and near and far transfer over time as well as the 
individual’s underlying learning processes (e.g., motivation, engagement, self-regulation, affect).  Enhancing such 
theory and methodology both within and across a variety of learning environments (e.g., formal training, on-the-job 
experiences, self-development) is of top priority.  The Basic Research Program also seeks to develop and refine 
theory explaining how the effectiveness of different learning methods may vary by the learning domain (e.g., 
tactical/technical, interpersonal, or perceptual skills), individual differences of the learner, instructor characteristics, 
and contextual factors external to the learner.  

Learning Methods
The Basic Research Program seeks to develop innovative theory and learning methods to tailor training to a given 
learner or team’s needs in order to enhance training effectiveness and efficiency as well as to maximize collective 
learning processes and outcomes for individual, team, and unit tasks.  

Learning Assessment
ARI’s Basic Research Program strives to develop measurement techniques to objectively and/or automatically 
assess learning processes and learner performance/progress in a variety of training domains, including individual 
and team training environments.  Moreover, the program seeks to develop measurement techniques to assess 
metalearning (i.e., learning to learn) and to identify factors that impact metalearning in different learning 
environments.  
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Currently Funded Research

ARI’s Basic Research Program is currently funding three extramural research projects.  

Brief descriptions of the contracts are provided below, with detailed research summaries of each contract 
provided on pages 23-32.

Exploring the Use of Visual Features and Recognition Strategies in Perceptual Expertise 
 (W5J9CQ-11-C-0047; 2011–2016)

        Dr. Lisa Scott (University of Massachusetts, Amherst) and colleagues’ work focuses on how individuals 
acquire perceptual skills, investigating what feature-level information of an object and cognitive strate-
gies experts employ in order to make fast, precise recognition decisions.  Speci  cally, this research seeks 
to apply this knowledge gained to develop learning methods for developing these visual perceptual skills 
and strategies in individuals with varying degrees of expertise.

Training as a Catalyst for Field-Based Learning: An Integrated Theory, Principles, and Program of  Research 
 (W5J9CQ-12-C-0048; 2012–2017)

        Dr. Scott Tannenbaum ( e Group for Organizational Eff ectiveness, Inc.) and colleagues are developing 
a theory of how formal training can be used as a catalyst for  eld-based learning.  Speci  cally, this re-
search will empirically examine how to best train learners to recognize and capitalize on learning oppor-
tunities while in the operational  eld environment, and the role that individual diff erences of the learner 
and contextual factors play in this process.

The Effect of  Threat on Task Performance: Testing the Threat-Induced Potentiation of  Prepotent Responses Model 
 (W5J9CQ-12-C-0046; 2012-2016)

        Dr. Stephen Harkins (Northeastern University) focuses on identifying the processes that mediate the 
eff ects of threat on task performance and, thus, provides implications for how to design training to
improve task performance when facing threat. 

LEARNING IN FORMAL AND INFORMAL ENVIRONMENTS
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Exploring the Use of  Visual Features and Recognition
Strategies in Perceptual Expertise
Contract #: W5J9CQ-11-C-0047  Contract Dates: 27 SEP 2011 – 26 SEP 2016 
PI: Lisa S. Scott      Institution: University of Massachusetts, Amherst
Co-PIs/Subcontractors:   Tim Curran, University of Colorado

  Jim Tanaka, University of Victoria

Although a great deal of  scientific effort has been devoted to un-
derstanding the behavioral, cognitive, and neural characteristics of  
perceptual experts, we know little about the diagnostic information 
and strategies they employ to make fast, precise recognition decisions. 
This research furthers our understanding of  the acquisition of  percep-
tual expertise in object domains—many of  which are vital in Army 
contexts, such as recognizing threat-objects in the field quickly and 
accurately.

T he defi ning quality of perceptual 
experts is their keen ability to 
make fast, accurate identifi cations 

of objects from their domain of exper-
tise at specifi c levels of categorization. 
The seasoned bird watcher, for example, 
quickly distinguishes a Nashville warbler 
from its close relative the Tennessee 
warbler. The car afi cionado instantly 
knows the subtle diff erences between a 
1955 Chevy Bel Air and the 1956 model. 
Expert object recognition involves a 
category shift in recognition from a basic 
level (e.g., bird, car) to more subordinate 
levels of abstraction (e.g., robin, Ford 
Escort). Over the last decade, researchers 
have examined the skills of real-world 
bird, dog, and car experts and how their 
abilities diff er from novices.  Other work 
has examined the acquisition of percep-
tual expertise and the training protocols 
that promote expert recognition of 
objects from natural (birds), human-made 
(cars), and artifi cial categories. Although 
a great deal of scientifi c eff ort has been 
devoted to understanding the behavioral, 
cognitive, and neural characteristics of 
perceptual experts, we know little about 
the diagnostic information and strategies 
that they employ to make fast, precise 
recognition decisions.  The central goal 
of this research is to identify the visual 

features and cognitive strategies of real 
world experts and to apply this knowl-
edge for developing effi  cient protocols 
for training future experts.  

Research Approach

I n this contract, we aim to identify the 
visual characteristics and perceptual 
strategies that: (a) real world experts 

bring to bear to recognize objects from 
their domain of specialization, and (b) 
that can be emphasized during expertise 
training of novices.  Here, we propose 
that: (a) color and surface information, 
(b) high spatial frequency information,
and (c) motion information are critical
features experts rely on for fast and accu-
rate identifi cation and recognition at the
subordinate level.  More specifi cally, this
research has two main objectives:

Objective 1: The fi rst objective of this 
project is to determine how real-world 
and laboratory-trained experts use the 
object features (including color, spatial 
frequency, and motion) when recogniz-
ing and identifying objects within their 
domain of expertise. We hypothesize 
that relative to novices, experts will (a) 
better allocate their attention to relevant 

stimulus features and dimensions, and 
(b) better diff erentiate among exem-
plars within their area of expertise at
the subordinate and individual levels
unless relevant features or dimensions are
occluded or removed.  Understanding the
features that support expert performance
will be important for designing effi  cient
training programs.

Objective 2: The second objective of this 
project is to train novices to use similar 
strategies and features as experts.  More 
specifi cally, the second objective is to 
establish a correspondence between 
real-world perceptual expertise and ex-
pertise that is acquired through directed 
laboratory training. We hypothesize that 
training that increases in diffi  culty, and 
emphasizes learning at more specifi c 
levels of abstraction, will lead to similar 
patterns of feature/dimension attention, 
tuning of sensory systems, and general-
ization of learning that are found in real 
world experts.  In addition, we plan to 
conduct an exploratory analysis of indi-
vidual diff erences in effi  cacy of training 
relative to a pre-training baseline. 

Accomplishments

W e have completed collecting 
data for Experiments 1, 2, and 
5. Data collection for Exper-

iments 3 and 6 will begin in Fall, 2014 
and we will begin designing Experiment 
4 in early 2015.  The results of Experi-
ment 1 were recently accepted for pub-
lication in the Journal of Vision and the 
results of Experiment 2 will be submitted 
to a peer-reviewed journal shortly.  In Ex-
periments 1 and 2, we employed psycho-
physical methods to test how bird experts 
use color (Experiment 1) and spatial fre-
quency (Experiment 2) cues to facilitate 
their speeded recognition. Experiment 
3 will directly probe the strategies of 
experts by monitoring their eye-gaze and 
manual exploration while encoding and 
recognizing objects of expertise. We will 
record visual fi xations, scan paths, and 
manual tracking while novice and expert 
birders view and respond to images of 
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Experiment 1: Distribution of Inverse Effi  ciency Scores (IES) for the experts and 
novices. The IES is computed by dividing correct response time by proportion correct within each 

condition for each participant; a lower score means better performance. Bin 1 contains the 25% 
fastest responses of each participant. Bin 2 contains the next 25% fastest responses and so on. Error 

bars represents standard error.

birds. Experiment 4 will use point-light 
displays to examine the importance of 
motion in expert bird identifi cation.  In 
Experiment 5, we trained novices with 
two diff erent species of birds and tested 
the eff ects of training on their use of 
color and spatial frequency using both 
psychophysical and electrophysiological 
measures of brain activity. Data collec-
tion for Experiment 5 is completed and 
analyses are currently being conducted.  
For Experiment 6, we have completed 
stimulus creation and testing and will 
examine how two diff erent training 
techniques infl uence attention to features 
(color, spatial frequency) and strategy use 
while we measure eye movements and 
electrophysiological measures of brain 
activity before and after.

Experiment 1: The Use of Color in Bird 
Experts and Novices (abstract modifi ed 
from in press paper in Journal of Vision).  
We examined how color knowledge in a 
domain of expertise infl uences the accu-
racy and speed of object recognition. In 
Experiment 1a, expert bird-watchers and 
novice participants categorized common 
birds (e.g., robin, sparrow, cardinal) 

at the family level of 
abstraction. The bird 
images were shown in 
their natural congruent 
color, incongruent color, 
and monochrome. 
Although both experts 
and novices relied on 
color to recognize birds 
at the family level, anal-
ysis of the response time 
distribution revealed 
that color facilitated 
expert performance in 
the fastest and slowest 
trials whereas color only 
helped the novices in 
the slower trials (Figure 
1). In Experiment 1b, 
expert bird-watchers 
were asked to categorize 
congruent color, incon-
gruent color, and gray 
scale images of birds at 
the more subordinate, 

species level (e.g., Nashville warbler, 
Wilson’s warbler). The performance of 
experts was better with congruent color 
images than with incongruent color and 
gray scale images. As in Experiment 1a, 
analysis of the response time distribution 
showed that the color eff ect was present 
in the fastest trials and was sustained 
through the slowest trials. Collectively, 
the fi ndings show that experts have ready 
access to color knowledge that facilitates 
their fast and accurate identifi cation at the 
family and species level of recognition.

Experiment 2: The Details of Expertise: 
The Importance of Spatial Frequency in 
Bird Experts and Novices.  We investi-
gated whether expertise relies on internal 
object features to facilitate fast and 
accurate subordinate-level recognition 
by fi ltering bird images over a range 
of spatial frequencies. This manipula-
tion preserved the external shape of the 
object while systematically degrading 
its internal feature information. Results 

Response time for each group (expert, novice) as a func-
tion of Spatial Frequency condition (2-4 cpi, 4-8 cpi, 8-16 cpi, 16-32 

cpi, 32-64 cpi, full spectrum). Error bars represent SE.
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Accuracy (d’) on a species matching task before (pretest), 1 day after, and 1 week after training. Before training, any color facilitated perfor-
mance regardless of color congruency.  After training, performance increased, especially for congruent colors. 

demonstrate that an important source of 
the expert recognition is the internal in-
formation that is available at 8–16 cycles 
per image (cpi) bandwidth relative to 
2–4 cpi, 16–32 cpi, and 32–64 cpi.  This 
band of the spatial frequency information 
contributes to recognition independent of 
whether the external contour information 
is high (Experiment 2a) or low (Exper-
iment 2b) in diagnosticity. Collectively, 
our results indicate that experts possess a 
broad repertoire of perceptual strategies 
that facilitate their speeded recognition of 
objects in their domain of expertise.

Experiments 5 and 6: Training 
Perceptual Expertise. The fi ndings from 
Experiments 1 and 2 indicate that the 
experts have formed multicoded object 
representations that consist of shape, 
color, and internal details that contribute 
to their fast and accurate recognition 
abilities. Experiments 5 and 6 take what 
we have learned from bird experts and 
determine whether the important features 
identifi ed in experts also contribute to the 
acquisition of expertise through training. 

Experiment 5: Training Bird Expertise 
in the Laboratory. In this investigation, 
novice adults were trained to recognize 
several exemplars of diff erent fi nch and 
warbler species.  Before, during, and 
after this training, EEG and behavioral 

responses were recorded. The training 
and pre- and post-test involves nine 
sessions per subject.  Based on the results 
of Experiments 1 and 2, we aimed to 
determine whether or not we can train 
novices to discriminate these species 
and whether their post-training perfor-
mance is infl uenced by color and spatial 
frequency manipulations.  To date, we 
have completed preliminary analyses 
of behavior and found that similar to 
Experiment 1. Subordinate training in-
creases benefi ts of color congruency and 
reduces non-specifi c color eff ects (Figure 
3).  However, unlike Experiment 2, 
where real-world experts use high-spatial 
frequency information early in recog-
nition, laboratory-trained experts use 
low-spatial frequency information early 
in recognition and high-spatial frequency 
information later. These results suggest 
that for recently trained experts, low spa-
tial frequency information provides fast, 
fi rst-pass constraints on object recogni-
tion that are later refi ned by high spatial 
frequency information. Additional years 
of training by real world experts make 
even high spatial frequency information 
quickly available, which may obviate 
the need for the fi rst-pass low spatial fre-
quency constraints observed after recent 
training.  

Experiment 6: Novel Object Training in 
Naïve Observers.  We have developed a 
completely manipulatable artifi cial object 
stimulus set consisting of two families of 
10 species and 12 exemplars within each 
species (240 stimuli).   This stimulus set 
also includes color and spatial frequency 
manipulations (similar to Experiments 1, 
2, and 5). To date we have conducted a 
pilot investigation to test whether or not 
naïve participants classify our stimuli 
into two families and diff erent species.  
For this pilot study, novices rated stim-
uli as more or less similar on a 5-point 
scale.  We used these ratings to create 
the average pair similarity rating for all 
of the species pairs. Figure 4 shows that 
novices appear to make a linear dis-
tinction between the two families.  This 
similarity task will be included in the 
battery of pre- and post-training tasks and 
will allow us to determine whether our 
two diff erent training protocols aff ect the 
distribution of similarity ratings. We also 
developed an extensive interest inventory 
(including questions about video game 
use, hunting experience, educational 
background, etc.) that participants will 
complete prior to training; we will use 
these data to determine whether training 
effi  cacy is related to specifi c items on this 
interest inventory. 
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This shows the average pair similarity rating 
for all of the species pairs.  To do this, 1 was added to 
the maximum rating (5) and each similarity score was 

subtracted from this total to create a dissimilarity score for 
each species pair. These scores were analyzed in SPSS us-
ing Multidimensional Scaling (PROXSCAL).  The graph 

shows the species clumping into groups that are more 
similar and shows that novices clearly diff erentiate the two 

families (noted by the diagonal line).

Contributions to 
Basic Research

V isual perceptual expertise is 
critically important for a variety 
of professionals and has been 

investigated across a variety of domains. 
We are examining the specifi c visual 
features that adults focus on and the 
strategies they use as perceptual experts 
or while they become perceptual experts.  
The data from this project will allow 
us to learn more about how training 
changes performance on several tasks 
and whether or not this training changes 
neural responses. Identifying the diag-
nostic features and visual strategies used 
after training is important for designing 
eff ective training protocols for people 
in a variety of professions that require 
visual expertise (e.g., radiologists or 
TSA agents). Identifying the diagnostic 
features and visual strategies used by real 
world experts is crucial for designing 
eff ective training protocols in perceptual 
expertise.  To date, our fi ndings suggest 
that color and fi ne details are critically 

important for real world bird experts and 
for training perceptual expertise in the 
laboratory.

Potential Army/Military 
Applications

We believe that perceptual learn-
ing and expertise hinges on the 
mind’s ability to form object 

representations (in memory) that consist 
not only of elementary shape informa-
tion, but also of more complex informa-
tion such as color, shape, and motion. 
According to our reasoning, when an 
expert perceives an object of expertise, 
it is the rapid access to its robust object 
representation that facilitates the fast and 
accurate recognition of that object. Thus, 
in order to understand the acquisition of 
perceptual expertise, we must learn more 
about the visual information that con-
tribute to this enhanced object represen-
tation. Although we use bird expertise 
and novel object training as a model to 
understand the representation of objects 

of expertise, it is likely that the process 
of forming mental representations of 
other complex objects is similar. In other 
words, understanding the acquisition of 
expertise within the domain of birds or 
within a novel object category should fur-
ther our understanding of the acquisition 
of perceptual expertise in other object 
domains—many of which likely apply 
to the military, including threat detection 
and fast/accurate identifi cation of faces or 
objects. In addition, our training exper-
iments will help identify best practices 
for perceptual expertise training within 
the military. For instance, the fi ndings 
from these experiments will elucidate 
how military personnel can be trained to 
utilize multiple perceptual cues (e.g., col-
or, shape, motion) to become profi cient 
at quickly and accurately recognizing 
threat-objects in the fi eld. Our goal is to 
identify the diagnostic features and visual 
strategies used by real world experts and 
to use that information to design eff ective 
training protocols in perceptual expertise.

Future Plans

W e plan to complete data 
collection and analyses for 
Experiment 3 (“a window 

into the visual strategies of the expert”), 
as well as start to develop Experiment 4 
(“dynamic motion cues and bird recogni-
tion”).  We aim to complete data analyses 
and the write-up for our fi rst training ex-
periment (Experiment 5) and to complete 
data collection and preliminary analyses 
for Experiment 6. We are also in the pro-
cess of testing real-world experts with a 
matching task that is used for laboratory 
training so that the results can be directly 
comparable for real-world bird experts 
and laboratory-trained bird experts. 
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It is unrealistic to expect pre-mission training to prepare Soldiers 
and leaders to be fully ready for all possible field contingencies. It is 
therefore imperative that we maximize and accelerate their ability to 
acquire new knowledge and expertise when in the field. The premise 
of  this research is that formal training can be enriched to serve as a 
catalyst for subsequent field-based learning. The research objectives 
are to build and test an integrative model of  training to accelerate 
field-based learning.

I t is unrealistic to expect pre-mission 
training to prepare Soldiers and 
military leaders to be fully ready for 

all possible fi eld contingencies. Thus, 
it is imperative that we maximize and 
accelerate their ability to actively acquire 
new knowledge and expertise when in 
the fi eld, which we refer to as fi eld-based 
learning (FBL). The premise of this 
research is that formal training can be 
enriched to serve as a catalyst for subse-
quent fi eld-based learning.

Existing research related to FBL is infor-
mative but fragmented, in that various 
aspects of FBL have been studied under 
a variety of diff erent terms, including 
continuous learning, experiential learn-
ing, self-directed learning, and active 
learning. Although there are diff erences 
in how these terms are defi ned (e.g., 
whether they are activities related to a 
specifi c role or domain, on-going activi-
ties, part of formal or informal learning), 
there is a great deal of overlap among the 
constructs, their theoretical foundations, 
nomological networks, and practical im-
plications. In some cases, the diff erences 
among the constructs have been empha-
sized more than the similarities, resulting 

in a fragmented literature and disjointed 
understanding of the factors that enhance 
or contribute to FBL.  

The FBL construct needs further syn-
thesis and explication and multiple 
research streams need to be integrated. In 
addition, there is not a useful theoretical 
foundation with which to guide research 
on how training can be used to stimulate 
FBL. Clarifying the construct, specify-
ing the underlying theory, developing a 
battery of new measures, and articulat-
ing research hypotheses should lead to 
signifi cant advancements in our basic 
understanding and enable a stream of 
meaningful basic research to test and 
refi ne the theory. 

In an eff ort to fi ll this theoretical gap, we 
propose an integrated model of Train-
ing to Accelerate FBL (see Figure 1). 
Our model is driven by the premise that 
training characteristics can be employed 
to promote FBL behaviors and outcomes 
and that training design can be informed 
through a fi eld-based learning analysis 
that considers both personal (trainee) and 
situational (fi eld) characteristics. The 
theoretical foundation of this work is 

interactionism and is based on the long 
accepted axiom in psychology that be-
havior (B) is a function of the Person (P) 
and the Situation (S), namely:  B = f(P,S). 
Not only is the individual’s behavior 
infl uenced by signifi cant features of the 
situations he or she encounters, but the 
person, who may even select some of the 
situations in which he or she performs, 
aff ects elements of the situation.

Research Approach

T he research has proceeded through 
two of three stages. In Year 1, the 
focus was on integration, concep-

tual development, and theory building. 
In Year 2, we have advanced the eff ort 
to correlational research examining key 
variables, including the development of 
a measure of fi eld-based learning (FBL) 
and the identifi cation of relevant mea-
sures of personal and situational anteced-
ents of FBL. In Year 3, we plan to use 
our work from Years 1 and 2 to advance 
to quasi-experimental testing of FBL 
interventions. 

Accomplishments

I n Year 1, we established an initial 
model of Training to Accelerate FBL. 
This served as a launching point 

for our subsequent work, along with a 
preliminary set of research propositions. 
The model and propositions underwent 
revisions where needed. We conducted 
several tasks to synthesize and integrate 
the disparate literature related to FBL, 
seeking and collecting relevant studies 
to organize the integration process. Our 
Year 1 activities yielded two key deliv-
erables: a quantitative meta-analysis of 
the literature on informal learning and 
extensive in-depth interviews with infor-
mal learning experts. Taken together, our 
Year 1 eff orts were designed to provide a 
foundation to launch the Year 2 tasks. 

Our Year 2 research plan fi rst called for 
us to develop (and/or identify) a battery 
of relevant fi eld-based learning 
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measures. A measure of FBL behaviors 
was developed based in part on input 
from subject-matter experts (SMEs), who 
provided insights regarding potential 
FBL behaviors as well as feedback on the 
content validity of potential items. The 
scale underwent iterations of psychomet-
ric evaluation and modifi cation, ulti-
mately yielding a 12-item measure. The 
new scale showed good psychometric 
qualities with evidence for three com-
ponents of FBL: vicarious/observational 
experience, actions taken, and feedback 
received. 

Our Year 2 eff orts also called for con-
ducting correlational research to begin 
to test some of our propositions. To do 
so, we needed to identify an organization 
with an ample number of employees who 
both demonstrate suffi  cient variability on 
personal factors of interest and who work 
in diff erent enough settings to examine 
situational factors of interest. We located 
and vetted a sample from a healthcare 
setting (“hospital sample”) that met the 
criteria for our Year 2 research. While 
our theory suggests that there may be an 
interaction between personal and situa-
tional factors, our meta-analysis revealed 
that prior research had not examined that 

possibility. Preliminary analyses from the 
hospital sample reveal some interesting 
interaction eff ects between variables of 
interest. We will be conducting further 
analyses on this data set, further explor-
ing potential interactions as well as direct 
eff ects. 

In summary, during Year 2 we built a 
measure of FBL behaviors and conducted 
preliminary correlational analyses on 
potential antecedents of FBL. In addition, 
we assembled a battery of measures that 
we intend to use during our Year 3 re-
search eff orts that will further explore the 
correlates of FBL and examine whether 
fi eld-based learning can be accelerated.

Contributions to 
Basic Research

E xisting research related to FBL 
has been informative but frag-
mented, in that various aspects of 

FBL have been studied under a variety 
of diff erent terms, including continuous 
learning, experiential learning, self-di-
rected learning, and active learning. Al-
though there are diff erences in how these 
terms are defi ned (e.g., whether they 

are activities related to a specifi c role 
or domain, whether they are on-going 
activities, whether they are part of formal 
or informal learning), there is a great deal 
of overlap among the constructs, their 
theoretical foundations, nomological 
networks, and practical implications. It is 
important to note that the contributions 
of researchers in these  areas have been 
non-trivial, including their contribution to 
our understanding of the situational and 
personal characteristics that might infl u-
ence FBL behaviors. However, in some 
cases, the diff erences among the con-
structs have been emphasized more than 
the similarities, resulting in a fragmented 
literature and disjointed understanding 
of the factors that enhance or contribute 
to FBL. We have provided a conceptual 
and quantitative synthesis of the liter-
ature that explicates the FBL construct 
and integrates multiple research streams. 
To date, there has not existed a useful 
theoretical foundation to guide research 
on how training can be used to stimulate 
FBL. By clarifying the construct, speci-
fying the underlying theory, developing a 
battery of new measures, and articulating 
research hypotheses, our groundwork 
provides a signifi cant advancement in our 
basic understanding of FBL. In addition, 
by providing a new framework for con-
ceptualizing the broader organizational 
learning domain, we have enabled and 
fostered a stream of meaningful basic 
research to test and refi ne the theory. 

Our model of FBL has been driven by the 
premise that training characteristics can 
be employed to promote FBL behaviors 
and outcomes, and that training design 
can be informed through a fi eld-based 
learning analysis that considers both 
personal (trainee) and situational (fi eld) 
characteristics. The theoretical founda-
tion of this work is interactionism and 
is based on the long-accepted axiom in 
psychology that behavior (B) is a func-
tion of the Person (P) and the Situation 
(S), namely:  B = f(P,S).  Not only is 
the individual’s behavior infl uenced by 
signifi cant features of the situations he 
or she encounters, but the person, who 
may even select some of the situations 

Training to accelerate fi eld-based learning.
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in which he or she performs, aff ects ele-
ments of the situation. 

Evidence that personal and situational 
factors infl uence FBL have been provided 
by our quantitative meta-analysis and our 
in-depth SME interviews. For example, 
the meta-analysis confi rmed the impor-
tance of situational factors such as orga-
nizational and informal support, and to a 
lesser extent, task characteristics. It also 
revealed that personality, attitudes, and 
competencies can infl uence the extent to 
which people engage in FBL. Equally 
important, it showed that demographics 
(e.g., age, gender) do not play much of 
a role. Our Year 2 correlational study 
extended previous research by showing 
how various factors can interact to infl u-
ence FBL and subsequent performance.

Potential Army/Military 
Applications

I t is imperative to maximize and 
accelerate on-going learning in the 
fi eld. This program of research is 

designed to address that need by uncov-
ering ways of using pre-mission training 
to not only build skills, but to catalyze 
and accelerate learning in the fi eld. Sim-
ply put, this eff ort seeks to maximize the 
extent to which training prepares Soldiers 
and leaders to learn during their subse-
quent fi eld assignments.

Should the research program prove fruit-
ful, the long-term benefi ts of this stream 
of work could be quite impactful. As 
we better understand what stimulates or 
inhibits FBL, we can target interventions 
to accelerate learning in the fi eld. Based 
on our work to date, we will be designing 
and testing training to prepare individuals 
to learn more eff ectively when they are 
on assignment. We are also exploring 
ways to identify FBL needs and opportu-
nities. 

Eventually, it is our hope that this line of 
research will yield fundamental, inno-
vative advancements in how the Army 

views learning, assesses training needs, 
delivers training, and promotes FBL. 
New training needs, analysis methods, 
instructional design principles, and 
training techniques designed to accelerate 
FBL could be employed across a wide 
range of Army training programs for 
Soldiers and leaders, and would also be 
applicable in many non-military settings. 
An additional potential benefi t of this 
way of thinking about training is that it 
would inherently increase the connection 
between schoolhouse training and fi eld 
learning (beyond current considerations 
of transfer-of-trained skills), which has 
numerous advantages.

Future Plans

Y ear 3 will feature research that 
extends the Year 2 study by 
adding in quasi-experimental 

elements. Specifi cally, we will introduce 
and test potential FBL accelerants in the 
form of training and/or coaching. We 
anticipate that individuals who experi-
ence these accelerants will exhibit greater 
FBL, as compared to quasi-control 
individuals. 

We also plan to develop a fi eld-based 
learning analysis (FBLA) process by 
which the catalyst training can be contex-
tualized and apply it in our sample pop-
ulation. In other words, we will develop 
more focused training pedagogy that will 
capitalize on enhanced knowledge of 
trainees and the situations that they will 
be deployed to, to provide deeper and 
better targeted strategies for enhancing 
FBL. Such techniques will be guided by 
a FBLA and incorporate instructional de-
sign principles, employ multiple training 
methods and tools, and be calibrated on 
the basis of trainee and trainer familiar-
ity with the fi eld situations, along with 
features of those situations (i.e., richness 
and malleability). 
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The Effect of  Threat on Task Performance: Testing the
Threat-Induced Potentiation of  Prepotent Responses
Model
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Understanding how individuals perform when threatened is critical 
for the understanding and prediction of  combat effectiveness of  Sol-
diers. This research explores individuals’ responses to different forms 
of  threat and tests a model that predicts how the elevated “default” 
response under threatening conditions facilitates or debilitates per-
formance. The results of  this research may identify new methods of  
training that can be incorporated into combat training.

W e perform many tasks in the 
presence of others. In some 
cases, their presence helps our 

performance, but in other cases it hinders 
it. This eff ect results from the fact that 
the presence of others arouses us, making 
it more likely that we will engage in the 
task behaviors that are most likely in the 
fi rst place (the prepotent response). So, 
for example, expert pool players perform 
better when they are observed than when 
they are not, whereas novice players 
perform more poorly when observed. 
The most likely (prepotent) responses of 
the expert players are the correct ones, 
the presence of others produces arousal 
making these prepotent responses even 
more likely (potentiates them), and they 
perform better. However, for the nov-
ice players, the most likely (prepotent) 
responses are incorrect, and the arousal 
produced by the presence of others poten-
tiates them, debilitating performance.

The Threat-Induced Potentiation of 
Prepotent Responses (TIPPR) Model 
argues that the presence of others simply 
represents one type of threat (e.g., these 
others may evaluate the performance 
unfavorably), and that any type of threat 
would produce the same potentiation of 
prepotent responses. So, for example, 
in a plane crash near Buff alo, news-
paper accounts suggest that the wings 
were icing and the plane began to stall. 

The plane was equipped with a “stick 
pusher,” a computer-activated device that 
automatically uses the plane’s elevators 
to put the nose down to regain speed so 
that the plane can come out of the stall. 
However, when the device engaged, the 
pilot did the “natural” thing and pulled 
the stick up, contributing to the crash. It 
takes a great deal of training to learn to 
not pull up on the stick until the plane has 
regained enough speed to come out of the 
stall. The threat represented by the danger 
of the crash could have potentiated the 
prepotent, most likely, response, pulling 
back on the stick, possibly contributing to 
the crash. 

In the course of carrying out their duties, 
Soldiers perform a wide variety of tasks 
under threat. The TIPPR Model sug-
gests that when Soldiers face threat, the 
prepotent, or most likely, behavior on 
the given task will be potentiated (made 
more likely). If this prepotent response 
is correct, the threat will facilitate 
performance. However, if the prepotent 
response is incorrect and the Soldier 
does not recognize this, performance will 
be debilitated. On the other hand, if the 
Soldier is able to recognize that his or her 
prepotent tendencies are incorrect, and 
has the ability, motivation, and opportu-
nity required for correction, performance 
will be facilitated. 

Exploring the processes that mediate the 
eff ect of threat on task performance can 
lead to the design and implementation of 
behavioral programs aimed at improving 
the performance of Soldiers facing threat. 
To do so, in each of the contract years, 
we have conducted experiments that: 
(a) test core claims of the TIPPR Mod-
el; (b) test the model against a current
alternative account, working memory
defi cit, which suggests that worries about
the threat occupy processing capacity,
thereby undermining performance; and
(c) extend the analysis from cognitive to
a sensorimotor task, allowing comparison
of the eff ect of threat on the performanc-
es of novices and experts on physical
tasks.

Research Approach

B ased on the use of portable phys-
iological recording devices (heart 
rate, respiration rate, and galvanic 

skin response), a previously validated 
set of assessment measures (cognitive, 
perceptual speed, and psychomotor 
abilities), skill acquisition, and sustained 
performance measures, the goal is to 
triangulate the ebb and fl ow of individual 
eff ort levels, performance, and subjective 
experiences of eff ort, perceived fatigue, 
and stress.  Additional investigations will 
focus on whether physiological markers 
anticipate or follow performance and 
subjective estimates of eff ort during 
stress, engagement, and fatigue condi-
tions.  From these data, individuals will 
be classifi ed in terms of over-responders 
(people who have large fl uctuations of 
physiological markers for eff ort alloca-
tions), normals, and under-responders 
(people who evidence minimal physi-
ological reactivity to task demands). In 
this research, we have conducted labo-
ratory experiments using undergraduate 
participants. This type of work allows 
precise manipulation and measurement 
of the variables under examination, 
while the eff ects of extraneous variables 
are either controlled for or cancelled 
out as a result of random assignment. 
For example, we are using a virtual 
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ball-bouncing task in which participants 
are asked to stand in front of a large back 
projection screen holding a table-tennis 
racket. The participants’ task is to use the 
physical racket to move a virtual racket 
to hit a virtual ball. On this task, we are 
able to measure virtually every aspect of 
the participants’ ball bouncing behavior 
(e.g., racket acceleration, racket position 
and velocity, ball position and velocity). 
Thus, instead of simply manipulating the 
independent variable, threat, and see-
ing its eff ect on the dependent variable, 
accuracy in hitting a target line, we are 
able to examine each of the variables that 
mediate the performance outcomes.

Accomplishments

I n the second year of the contract, we 
conducted experiments to: (a) test a 
core claim of the TIPPR Model that 

it is the perception of threat that potenti-
ates prepotent response, rather than the 
motivation to perform well, which plays 
a role later in the process and only when 
the participant knows that the prepotent 
response is incorrect; (b) test the TIPPR 
Model against a popular current alterna-
tive account, working memory defi cit, 
using the test bed of modular arithmetic; 
and (c) extend the analysis from cogni-
tive tasks to a novel, sensorimotor task, 
showing that the eff ect of threat on per-
formance can be predicted by examining 
the control mechanisms in this task.

The mere eff ort account argues that it 
is the motivation to perform well that 
potentiates prepotent response, whereas 
the TIPPR Model argues that it is threat 
that does so. Motivation to perform well 
plays a role later in the process and only 
when the participant knows that the 
prepotent response is incorrect. This anal-
ysis suggests that the fact that stereotype 
threat (ST) facilitates the performance 
of females on solve-type GRE-Quan-
titative problems is the result of threat 
alone, not the fact that the females are 
motivated to perform well. Thus, a threat 
that is completely unrelated to gender 
diff erences in performance on the GRE-Q 

(e.g., ostracism) should produce the same 
pattern of eff ects as ST (facilitation on 
solve-type problems, but debilitation 
on comparison-type problems), but for 
males as well as females. This prediction 
is completely nonobvious, but follows 
directly from the TIPPR Model. This 
research has been completed and analysis 
is underway. 

Previous research (Seitchik & Harkins, 
2013; Contract Experiment 4)  sug-
gests that the prepotent response on the 
subtraction portion of horizontal mod-
ular arithmetic problems is to use the 
method of adjustment (MA) (adjust the 
subtrahend to the nearest 10, subtract 
the two numbers, add the adjustment). 
However, the traditional method (TM) 
(borrow from decades to perform units 
subtraction), which is used more by 
non-threatened females, may be more 
effi  cient, suggesting that threatened fe-
males perform more poorly than controls 
because they use a less effi  cient method. 
In Experiment 6, we found that with no 
instructions, we replicated the fi nding 
that control females outperform females 
under ST, but, overall, participants solved 
more problems using TM than MA, and 
holding solution approach constant, 
threatened participants outperformed 
controls, supporting the TIPPR account 
over a working memory account.

Previous ST research on sensorimotor 
performance has relied on measures that 
show the overall eff ects of ST on motor 
performance, but do not identify the 
relevant control mechanism(s). Huber 
et al. (2014: Contract Experiments 8 
and 8a) showed that ST leads to greater 
error on a virtual rhythmic ball-bouncing 
task because ST potentiates an incorrect 
prepotent tendency, hitting with positive 
acceleration. In the current work, a task 
analysis of the control mechanisms in a 
novel, virtual single bounce paradigm 
revealed that the participants’ prepotent 
response fell within the solution manifold 
defi ned by racket velocity and position 
(i.e., the prepotent response was correct). 
In the absence of this analysis with which 
we identify the prepotent response, we 

would have no way to know whether ST 
would facilitate, debilitate, or have no 
eff ect on performance on this task. In a 
subsequent experiment, consistent with 
the TIPPR account, ST females outper-
formed no threat females, whereas ST 
and no threat males did not diff er.  

Contributions to 
Basic Research

A  survey of the psychological 
literature reveals six diff er-
ent research traditions that 

have found that social threat aff ects 
task performance: social loafi ng, so-
cial facilitation, goal-setting, intrinsic 
motivation/creativity, stereotype threat, 
and achievement-goal theory. Although 
these traditions have proposed processes 
that could account for these eff ects (e.g., 
focus of attention, working memory defi -
cits, withdrawal of eff ort, drive theory), 
the models do not agree on the mediating 
process(es), nor is there any compelling 
evidence favoring one account over the 
others. In fact, the same set of potential 
explanations proposed to account for the 
eff ects of social threat on performance 
has been with us for more than 100 years. 
For example, Triplett (1898) suggested 
“brain worry” as one explanation for his 
fi ndings, which reappeared as “cognitive 
interference” in the 1980s (e.g., Bond, 
1982), and is now termed “working 
memory defi cit” (e.g., DeCaro, Thomas, 
Albert & Beilock, 2011). Another expla-
nation, range of cue utilization (East-
erbrook, 1959), that was used by Geen 
(1976) and Baron (1986) to account for 
performance eff ects, remains with us, but 
is now termed “focus of attention” (e.g., 
Muller & Butera, 2007).

The TIPPR Model has the potential to 
integrate research across these areas by 
suggesting a common process through 
which threat aff ects performance. In addi-
tion, the model suggests that this process 
can be located within a more general 
model of reactions to both social and 
physical threat. In addition to
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contributing to our basic understanding 
of the eff ect of threat on task perfor-
mance, this work also has the potential 
to lead to applied behavioral research 
that will produce more eff ective behav-
ioral technologies, thereby improving 
the performance of Army personnel.  
Eff ective task performance is essential 
to the success of our armed services. 
However, in many cases, the tasks are 
performed under threat. Knowing the 
specifi c processes that mediate the eff ects 
of threat on performance is required both 
for eff ective training and for the design 
of eff ective intervention strategies. For 
example, the steps that one would take to 
counter the ill eff ects of potentiated pre-
potent responses are quite diff erent from 
the ones that would be taken to counter 
the eff ects of working memory deple-
tion. This research also demonstrates 
that a more sophisticated understanding 
of task characteristics is required for 
eff ective interventions to be designed. 
For example, simply knowing that a task 
is “complex” does not tell us what eff ect 
threat will have on its performance. The 
TIPPR Model has the potential to do 
exactly that.

Potential Army/Military 
Applications

W hen carrying out their du-
ties, Soldiers must perform a 
variety of tasks while under 

threat.  Knowing the eff ects that threat 
has on task performance is required for 
the design of eff ective behavioral training 
programs. However, the basic science in 
this area has not advanced to the point 
that it can inform eff orts to design these 
programs. The current research advances 
our knowledge in this domain by con-
tinuing to develop an account, the TIPPR 
Model, which has shown promise in this 
regard.

Although this work will help to resolve 
theoretical issues of long standing, the 
amount of threat experienced on the 
battlefi eld exceeds what will be produced 

in our research. However, a wealth of 
research shows that the systems (HPA 
and SAM axes) that are impacted by 
our manipulations are the same systems 
that are activated in more threatening 
circumstances. Understanding the eff ect 
of threat on performance at the levels of 
threat allowed by Institutional Ethical 
Review Boards will provide the basis for 
understanding the eff ects of greater levels 
of threat on performance.

This approach would suggest that to 
predict the eff ect of threat on the per-
formance of tasks ranging from mission 
planning to the operation of vehicles, 
communications equipment, and weap-
ons systems, we must be able to identify 
the prepotent response tendency on the 
given task. On tasks that must be solved 
through logic, insight, or even intuition, 
identifi cation of prepotent responses is 
essential to improve performance. Even 
on tasks on which performance can be 
improved by overtraining, without know-
ing exactly how performance unfolds, we 
cannot know what components of task 
performance should and should not be 
overtrained (i.e., made into prepotent re-
sponses). Some components of the train-
ing may facilitate performance, whereas 
others may have no or even a negative 
eff ect. In addition, understanding the 
architecture of performance makes it 
possible to modify not only the training, 
but also the equipment to take advantage 
of potentiated responses.  

Future Plans

I n the contract’s third year, we will 
conduct additional research that tests 
core claims of the model, specifi -

cally the claim that physical threat will 
have the same eff ect on performance as 
a social threat. We will continue pitting 
the working memory account against 
the TIPPR Model using a new task, the 
Tower of London, which will allow us 
to pit the accounts against each other 
on an item-by-item basis. In Year 3, we 
will also continue our research on the 
sensorimotor task, virtual ball bouncing. 

Before we developed the single bounce 
paradigm and analyzed the control mech-
anisms on this task, we had expected 
stereotype threat (ST) to debilitate perfor-
mance on this task. However, our anal-
ysis of the control mechanisms showed 
that we should expect facilitation, which 
we then found when we examined the 
eff ect of ST on task performance. We are 
now examining the eff ects of manipulat-
ing various task parameters on the con-
trol mechanisms governing performance 
on this single bounce task, with the aim 
of fi nding conditions under which ST 
should debilitate performance. 
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As the Army reduces the number of personnel in the service, fewer commissioned and non-commissioned officers 
will be represented at all levels of the Army.  Yet, the Army has a constant need to retain the highest quality leaders, 
which necessitates an understanding of how to identify, develop, and retain quality leaders.  Increased leader capa-
bilities will also be required in order to be adaptive and resilient across the full range of operations (e.g., combat, 
stabilization missions).  S oldiers will also face increased time at home station compared to the last 10 years, re-
quiring an understanding of how leaders can develop, mentor, and motivate their Soldiers in both the operational 
environment when deployed and at home station.  In order to overcome such challenges, a systematic reevaluation 
concerning how the Army’s leadership development process can optimize leader growth is necessary.

The overarching goal of this research portfolio is to advance theoretical understanding of leadership
and leadership development within the operational environment and at home station and 
to create leader development methods for maximizing the requisite cognitive, perceptual, 

and interpersonal skills for effective leadership across all levels of command.

Research objectives within this portfolio can be organized into three broad areas:
leadership processes, leader development, and leadership assessment.

Leadership Processes
ARI’s Basic Research Program seeks to develop theory and methods for identifying the requisite knowledge, 
skills, and abilities (e.g., critical strategic thinking, command and sense-making, perceptual, interpersonal, and 
resiliency-related skills) that underlie effective leader influence.  Additionally, the program strives to develop 
theory for understanding how leaders make rational, ethical decisions during both positive and negative emo-
tionally-laden situations, as well as how they build a positive, ethical command climate to guide behavior of 
their subordinates.  The program also aims to develop theory and methods related to leadership located within 
networks and systems. 

Leader Development
The Basic Research Program seeks to develop theory and methods for training the skills and behaviors neces-
sary for leaders to effectively mentor and develop subordinates, learning from both positive and negative on-
the-job experiences, and developing strategic thinking and mission command skills, including the development 
of trust, cohesion, and shared cognition among subordinates. The development of leader identity is also of top 
priority.  Moreover, the program seeks to develop theory to understand how implicit theories of leadership im-
pact sensemaking, the impact of shocks to development, and gain and loss cycles in leader development. The 
retention of quality leaders is also of importance.  

Leadership Assessment
ARI’s Basic Research Program strives to develop measurement techniques to objectively measure effective 
and ineffective, verbal and nonverbal leader behaviors.  The program also endeavors to develop theory and 
meth-ods related to ways leaders seek and integrate feedback. 

LEADER DEVELOPMENT

DR. STEFANIE A. PLEMMONS, RESEARCH PORTFOLIO LEAD
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Currently Funded Research

ARI’s Basic Research Program is currently funding four extramural research projects.  

Brief descriptions of the contracts are provided below, with detailed research summaries of each contract 
provided on pages 35-45.

Speci cation of Effective Mentoring Behaviors for Leadership Competency Development and Adaptability 
   (W5J9CQ-12-C-0040; 2012-2016)

 Dr. Lisa Finkelstein (Northern Illinois University) and colleagues’ work investigates how mentors eff ec-
tively enact common mentoring functions in order to shape mentees’ competency development and other 
career outcomes, as well as how the eff ectiveness of specifi c mentor behaviors may depend on several 
contingency factors, such as characteristics of the mentee and contextual factors.

Emotion, Attentional Control, and Performance 
   (W5J9CQ-12-C-0035; 2012-2017) 

 Dr. Howard Weiss’ (Georgia Institute of Technology) research focuses on how changes in individuals’ 
emotional states at work infl uence daily variation in subsequent attentional focus and job performance.  
Further, this research investigates the moderating eff ects of leader behaviors and task characteristics, 
seeking to enhance understanding of how leaders can maximize subordinates’ job performance.

Predicting and Enhancing Valued Outcomes Following Challenging Experiences: Toward New Individual Difference 
Measures and Induction Tools for Leadership Development 
   (W5J9CQ-12-C-0029; 2012-2017)

 Dr. Todd Maurer (Georgia State University) is investigating developmental refl ection as a key explanato-
ry factor for understanding when leaders will learn and benefi t from challenging on-the-job experiences.  
Specifi cally, this research seeks to empirically identify both predictors, such as motivation and personal-
ity, and career/work outcomes associated with developmental refl ection. 

A 15-Year Extension to the Baseline Of cer Longitudinal Development Study (BOLDS)
   (WP11NF-13-1-0440; 2013-2018)

 Dr. Bruce Avolio (University of Washington) is extending the BOLDS project initiated at the U.S. 
Military Academy in 1994 through 2015. Data will be collected to further evaluate how members of the 
class of 1998 have developed and how they currently perform in leadership roles. The research seeks to 
examine early antecedents that predict ethical, authentic, adaptive, and eff ective leaders. 

LEADER DEVELOPMENT

DR. STEFANIE A. PLEMMONS, RESEARCH PORTFOLIO LEAD
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Although much research has been done in the past few decades to 
link mentors’ enactment of  mentoring functions to career success 
outcomes for mentees, there has been virtually no examination of  the 
most appropriate mentoring behaviors underlying these functions.  
The current project seeks to understand what good mentoring looks 
like at a specific behavioral level.  Content analysis of  28 semi-struc-
tured interviews has led to the development of  a taxonomy of  men-
tor actions and objectives, highlighting the variation that exists in 
approaches even when objectives and actions are consistent.  This 
taxonomy may prove useful for future efforts to train more effective 
mentors. 

Speci cation of  Effective Mentoring Behaviors for
Leadership Competency Development and Adaptability
Contract #: W5J9CQ-12-C-0040 Contract Dates: 28 SEP 2012 – 27 APR 2016 
PI: Lisa M. Finkelstein Institution: Northern Illinois University
Co-PIs/Subcontractors: Kurt Kraiger, Colorado State University

T here is a growing need in both 
civilian and military contexts to 
develop eff ective leaders who can 

adapt to quickly changing environments.  
Leadership development eff orts that stra-
tegically capitalize on informal learning 
opportunities are particularly necessary.  
An example of these eff orts, mentoring, 
is a developmental relationship between 
a more experienced mentor and a less ex-
perienced organizational member referred 
to as a mentee or protégé.  Recently, in-
terest in fostering mentoring in organiza-
tions has increased.  Evidence shows that 
good mentoring relationships can have 
positive outcomes for the organization 
and for the individuals involved, includ-
ing mentee career advancement and other 
behavioral, attitudinal, health-related, 
relational, and motivational outcomes.

Although research has been done to link 
mentoring functions (e.g., career sup-
port or psychosocial support) to career 
success outcomes for mentees, there has 
been virtually no examination of the 
most appropriate mentoring behaviors 
underlying these functions.  This lack of 
understanding of what good mentoring 
looks like at a specifi c behavioral level 

limits our understanding of the mento-
ring process and our ability to identify 
and/or train mentors.  There is a need to 
know how mentor functions are enacted: 
what actually occurs between mentor and 
mentee?  Are there specifi c behaviors that 
distinguish maximally eff ective mentors 
from marginally eff ective, ineff ective, or 
even harmful mentors?

Our project is looking at how mentors 
enact common mentoring functions in 
pursuit of mentee development.  The 
specifi c mentor behaviors selected and 
the particular ways that they are enacted 
likely depend on a variety of contingen-
cy factors, including the characteristics 
and goals of the mentee and the stage of 
the relationship.  Organizational-level 
factors, such as the supportiveness of the 
climate and its eff ect on ongoing learn-
ing, are also likely to impact both the 
way mentors behave and the eff ect those 
behaviors have.  Uncovering this infor-
mation will help maximize the potential 
of ongoing mentoring relationships and 
inform training development for future 
mentors.  

Research Approach

W e identifi ed 28 experienced 
mentors across industries, 
sampling men and women 

who mentor both informally and in the 
context of formal mentoring programs.  
Mentors were selected for participation 
in interviews if they had been identifi ed 
as having a reputation in the organization 
for eff ective mentoring.  We conducted 
semi-structured interviews, asking them 
to describe specifi c episodes in which 
they had an impact on their mentee, and 
then focusing on what exact behaviors 
they performed during those episodes.  
We transcribed all interviews and have 
been coding and analyzing transcrip-
tions to identify mentor actions, mentor 
objectives (for actions), and contingency 
factors that may aff ect their behavior 
choices.  Subsequently, we will validate 
this taxonomy in a study of other mentors 
and across multiple organizations.  This 
survey research will empirically link 
mentor actions to mentoring objectives 
while accounting for the eff ects of sev-
eral contingency factors such as mentee 
characteristics or organizational environ-
ments.

Accomplishments

I n Year 1, we conducted two litera-
ture reviews and began interviewing 
expert mentors.  The fi rst literature 

review gave us a comprehensive picture 
of how “mentoring behaviors” have been 
defi ned and measured in the literature.  
As we expected, this term was defi ned 
loosely and not specifi cally enough to 
clearly envision or replicate a behavior.  
The second literature review identifi ed 
typical outcome variables used in the 
mentoring literature and confi rmed that 
adaptability had not been suffi  ciently 
explored.  

Interviews of 28 expert mentors were 
completed in Year 2.  These were 
semi-structured interviews requiring the 
mentor to think of specifi c mentoring 
episodes and answer questions to isolate 
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specifi c behaviors and contingencies that 
occurred in those episodes.  The inter-
views were transcribed and went through 
several levels of analysis as described 
below.

We initially coded mentors’ descriptions 
of their behaviors into themes, leading to 
two discoveries.  First, we gained insight 
into the level of analysis at which our 
theme coding was yielding information 
regarding specifi c mentor behaviors.  
These themes were more numerous and 
at a greater level of specifi city than the 
descriptions of mentor functions com-
monly found in the literature, but we still 
believed they did not quite capture the 
nuanced levels of specifi city of actions 
that we hope to be able to describe.

Second, themes emerging from our cod-
ing were of diff erent types.  Sometimes 
they were more descriptive of actions the 
mentors took, sometimes more focused 
on the mentor’s objectives for those 
actions, and sometimes a combination of 
these.  For example, some action themes 
include: “respond quickly with enthusi-
asm to mentee’s fi rst contact” and “help 
point out the weakest spot and ways to fi x 
it.”  Themes that also included objectives 
with actions include: “help the mentee 
fi nd events to attend for developmental 
purposes” and “ask practical questions 
to make sure mentee is prepared for an 
upcoming situation.”

These discoveries led us to understand 
that eff ective mentors have a set of 
actions executed during mentoring for a 
number of objectives, and that there are 
multiple ways that general actions are 
specifi cally enacted by mentors when 
striving for one or more objectives.  In 
other words, there could be several 
examples of what mentors did to “enact” 
the particular themes.  This is a more 
complex characterization of mentoring 
behaviors than we initially anticipated 
and led us to a newer model of mentoring 
behaviors that can be envisioned more as 
a cube (see Figure 1).

This schematic led us to a second-stage 
coding procedure.  Each theme emerging 
from the interviews is currently being 
coded by the team as to the action(s) de-
scribed in the theme and the objective(s) 
implied by the theme.  Following the 
completion of this process, the particular 
passages from the interviews that were 
coded in them will be paraphrased into 
unique enactments.

To illustrate, some example actions 
include “ask questions,” “assess needs,” 
and “provide advice.” Some example 
objectives include “mentee competen-
cy development” and “build/expand 
professional network.” Although only 
at the initial stages to date, an example 
enactment of providing advice (action) 
for competency development (objective) 
is “provide advice to mentee on writing a 
resume that highlights their accomplish-
ments without compromising ethics by 
embellishing or fabricating information.”

Contributions to
Basic Research

An understanding of specifi c 
eff ective mentoring behaviors 
and objectives, derived through 

our literature reviews and behavior-tar-
geted interviews with eff ective mentors, 

advances basic science in multiple ways.  
First, while the mentoring literature 
has multiple taxonomies of mentoring 
functions, there is little clarity on specifi c 
behaviors or objectives.  Mentoring 
functions tell us more about the goals 
that mentors are trying to achieve, rather 
than clarifying the specifi c approach they 
use to achieve those goals.  Focusing on 
behaviors and objectives provides oppor-
tunities for future mentoring researchers 
to make more fi ne-grained distinctions in 
their theories of how mentoring works.  
Further, we look at mentoring in a new 
and unique way by separately classify-
ing actions, objectives, and enactments, 
which will allow a fi ner-grained dis-
tinction to understanding the nuances of 
eff ective mentoring behaviors.

In the second phase of our research, 
we will examine the degree to which 
the enactment of common mentoring 
behaviors is determined by the objective 
of the behavior, characteristics of the 
mentor, characteristics of the mentee, and 
characteristics of the situation.  This will 
further our understanding of the general-
izability of eff ective mentoring behaviors 
and serve as a test bed for future studies 
of other characteristics toward the goal of 
determining the most eff ective approach 
to mentoring under various circumstanc-
es.

The cuboid taxonomy of mentoring conceptualizes 
the relationship between mentor objectives and leader actions and 

behavioral enactments. 
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The enactments of mentoring that result 
from these tests could be used for the de-
velopment of future measures of mento-
ring behaviors.  A more precise measure 
of the nuances of eff ective mentoring will 
be a valuable tool to researchers devel-
oping new models of the processes of 
mentoring.

Finally, there is little research that has 
evaluated the success of diff erent mentor 
training approaches and content on 
improving the eff ectiveness of mentors.  
Although creating training programs is 
beyond the scope of the current research 
project, the taxonomy of behaviors 
produced in the current research could be 
used to design and test alternative train-
ing content, derived from our specifi c 
behaviors. 

Potential Army/Military
Applications

T he development of eff ective lead-
ers is an ongoing priority to the 
Army.  Though formal classroom 

training is an important component of 
leadership development, informal learn-
ing opportunities are critical components 
to developing future leaders in the Army.  
In the Army, mentoring is often embed-
ded in active duty assignments; it can 
occur between individuals of diff erent 
rank or between peers and off ers multi-
ple opportunities for career support and 
building technical capacity beyond the 
chain of command.

To best support mentoring programs 
within the Army, it is important to know 
what constitutes eff ective mentoring. 
By understanding eff ective actions and 
objectives, the research can inform future 
interventions that directly benefi t the 
military in general and the Army specif-
ically.  For example, potential mentors 
can be screened and selected on the 
basis of potential to engage in identifi ed 
behaviors.  Additionally, mentor training 
programs and online support tools can be 
developed that are designed to facilitate 

development of eff ective mentor actions 
and objectives. 

Finally, many of the objectives of 
mentoring include the development of 
various competencies that are important 
to leadership in the military.  One such 
competency is the adaptability of the 
mentee in dynamic contexts.  Researchers 
have suggested that mentoring, particu-
larly through the provision of feedback, 
may possibly assist in the development 
of adaptability in the military, yet there 
are to date no empirical studies examin-
ing how mentor behaviors can foster the 
competency of adaptive performance.  In 
the civilian world, adaptive performance 
is important; however, adaptability com-
petency is particularly important in mil-
itary contexts, as the types of problems 
faced by Soldiers in leadership positions 
change continually.  These Soldiers are 
often called upon to make quick deci-
sions without the opportunity for addi-
tional consultation with a mentor. 

Future Plans

O ur immediate next step is to fi n-
ish the second stage of coding of 
the expert interviews.  This will 

result in a more complete understanding 
of objectives, enactments, and moder-
ators of mentor actions.  Subsequently, 
we will conduct an empirical study of 
the relationships among these three 
attributes. A pre-test with a small set of 
mentors will allow us to determine appro-
priate, easy-to-use rating scales by which 
mentors, in the full study, can communi-
cate the eff ectiveness or value of specifi c 
enactments under specifi c circumstances.  
Next, we plan to have a larger set of 
mentors rate enactments as a function of 
mentoring objectives and under diff er-
ent levels of possible moderators.  One 
moderator will be a mentee characteristic 
(e.g., mentee skill/experience) and one 
will be a situational characteristic (e.g., 
early relationship/established mentoring 
relationship).  For example, a mentor 
might rate the eff ectiveness of enactment 
E1 for accomplishing objective O3 for an 

inexperienced mentee early in a relation-
ship.  Mentor raters will then rate other 
combinations of enactments/objectives/
moderators.  The data will be analyzed 
using Generalizability Theory to estimate 
whether there is meaningful variance by: 

• mentor (e.g., are there mentor styles?)
• enactments (e.g., are some enactments

“better than others”?)
• objectives (e.g., do some objectives

drive the choice of mentor behavior?)
• combinations of enactments, objec-

tives, or conditions (e.g., does the
value of enactments depend on the
context?).



38

Emotion, Attentional Control, and Performance
Contract #: W5J9CQ-12-C-0035 
PI: Howard M. Weiss  

Contract Dates: 28 SEP 2012 – 27 SEP 2017 
Institution: Georgia Institute of Technology

Army leaders are constantly faced with emotionally-laden situations.  
Research on the effects of  emotional states on performance remains 
inhibited by a predominate research paradigm that cannot easily ac-
commodate fluctuating affective states and their concurrent influences 
on within-person changes in performance.  The current set of  studies 
informs a deeper understanding of  the roles of  emotions in the work-
place, including how emotions influence attention through misalloca-
tion.  The first study provides support for the natural segmentation of  
performance by individuals.  Subsequent studies will build upon the 
first by examining boundary conditions for the influence of  emotions 
on momentary performance.

A Soldier’s life, work life in 
general, is rife with emotional 
experiences.  It is obvious that 

these emotional experiences can infl u-
ence critical performance, yet research 
on the eff ects of emotional states on 
performance remains fragmented.  One 
reason is that emotional states fl uctuate, 
over days or even hours.  Performance, 
however, has been conceptualized as a 
static concept, with an individual being 
a “good worker” or a “bad employee.”  
In order to more fully understand the 
eff ect of emotions on performance, it is 
necessary to examine performance as a 
dynamic construct that can change on 
a momentary basis.  Instead of looking 
at one’s overall performance, it must be 
acknowledged that individuals can have 
high performance days or low perfor-
mance moments.

A basic and important assumption is that 
the control of emotions and the control of 
attention consume the same general regu-
latory resources.  Consequently, the daily 
or chronic history of emotional control, 
not emotional expression without control, 
will lead to the depletion of individual 
resources needed to focus attention in the 
face of distractions of any sort.  Deple-

tion of regulatory resources results in the 
misallocation of attentional resources 
necessary for work tasks.  For example, 
a day full of emotional regulation will 
increase the likelihood of daydreaming, 
the inability to ignore noises, the frequen-
cy of surfi ng the web, etc.

Although previously laid out in theory, 
performance episodes have not been 
studied in a manner appropriate to cap-
turing the ups and downs of momentary 
fl uctuations in performance.  One goal of 
our research was to create such a meth-
od—that allows us to jointly measure 
within-person fl uctuations in other states, 
such as changes in emotions and atten-
tion, with changes in performance.  As 
we continue our research, our objective is 
to use our basic understanding of episod-
ic performance to further understanding 
of the performance experience. We will 
examine nuances of the performance 
episode, directing attention toward with-
in-person changes in emotions and regu-
latory resources and assessing how these 
changes interact with task characteristics 
to infl uence episodic performance.  In 
addition, chronic depletion of regulatory 
resources is expected to adversely infl u-
ence one’s general ability to focus.

Research Approach

T his set of studies mostly uses the 
experience sampling method that 
surveys full-time employees at 

multiple times during the day.  Individu-
als are prompted to report their emotional 
states, eff ort at controlling emotions, 
and momentary performance levels in 
order to understand the interrelation-
ships of the variables.  In addition, some 
supervisor reports of performance are 
collected in order to validate self-reports 
of performance.  Analyses are conducted 
using multilevel modeling to account for 
the nested structure of the data and the 
repetition of observation.  Other studies 
also use lab tasks to measure attentional 
capabilities, both sustained attention 
tasks and inhibition or interference tasks, 
to determine if chronic depletion of 
resources relates to performance on tasks 
requiring attention.

Accomplishments

O ur research to date has set the 
foundation for the rest of our 
proposed studies and verifi ed and 

confi rmed important foundational ideas.  
We have completed our initial study, 
which confi rmed the critical idea that 
performance episodes can be identifi ed 
and analyzed in relation to other episod-
ic states, such as emotions.  This study 
followed workers multiple times a day 
for 3 weeks to investigate the relation-
ship between performance episodes and 
emotional states at work.  As hoped, 
people were able to parse their work-
days meaningfully into performance or 
task episodes and were able to rate their 
performance on those episodes. Substan-
tially more than half of the variability in 
performance (69%) was due to changes 
within workers from one time to another, 
confi rming the importance of looking at 
how and why performance fl uctuates for 
an individual. 

Importantly, we found that emotions 
predict episodic performance and that 
this process works through the eff ect of 
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emotions on momentary attention.  As 
suspected, negative emotions led to a
decrease in attentional focus and subse-
quent performance.  However, positive 
emotions led to an unexpected increase 
in attention and successful performance.  
The results support the idea that it is the 
allocation and misallocation of resourc-
es that drives the relationship between 
emotions and performance.  We are now 
preparing these results for peer-reviewed 
publication.

These fi ndings are critical to the rest of 
our research plan.  All other research 
propositions are based upon the ability 
to identify and measure performance 
episodes and having a technique to do so.  
The method created in our fi rst study will 
be used in subsequent studies to investi-
gate the eff ects of within-person changes 
in emotions and regulatory resources on 
performance.

In conjunction with our fi rst study, we 
created a database of potential research 
participants.  We keep information about 
people who are interested in participat-
ing in our research in a database that we 
consult when we begin a new study, al-
lowing us to invite potential participants 
who qualify for our studies based on the 
characteristics (e.g., full-time) they have 
provided.  The potential participants 
in our database are workers in various 
professions, providing a diverse occupa-
tional sample to study. 

These accomplishments along with 
preparations for further studies have 
prepared us to begin more in-depth 
studies of performance episodes.  We are 
preparing for a full investigation of the 
impact of chronic regulatory depletion 
(i.e., burnout) on attentional resources.  
For this study, we are currently contract-
ing with a computer programmer to have 
mobile attention tasks created, so that 
we may incorporate objective measures 
of attention into an experience sampling 
study that will begin this fall.  Two 
additional studies will assess the ability 
of task characteristics (i.e., goal type and 
task complexity) to mitigate the eff ects 

of resource reallocation from emotional 
responses.  

The studies will assess goals and task 
complexity as task characteristics that 
could draw attention to a task when 
emotions are pulling attention away from 
the task.

Contributions to 
Basic Research

T his research contributes to the 
understanding of the episodic na-
ture of performance and the eff ect 

of momentary aff ective states on this 
performance.  In industrial-organization-
al psychology, performance has by and 
large been addressed as a stable trait of 
individuals.  However, our projects sug-
gest that information can be gained from 
examining performance as a time-varying 
construct, with individuals performing 
better or worse at given times, on given 
days, in given weeks.  From our root 
project, we have successfully used a 
technique to capture the within-person 
variability of performance rather than 
providing a single average measure over 
a length of time (e.g., quarter, year).  
The ability for people to identify perfor-
mance episodes as shown in our research 
validates the concept of a performance 
episode and is key to being able to study 
performance using a moment-by-moment 
approach.  The large amount of perfor-
mance variability that occurs within-per-
son further highlights the need for perfor-
mance research to move to a momentary, 
dynamic examination.

Much can be gained from a momentary 
perspective of performance.  Examin-
ing performance as episodic leads to a 
variety of new research questions, such 
as what characteristics of the tasks, 
environments, individual’s states, etc. 
aff ect one’s immediate performance?  
As individual states vary, so, too, does 
performance.  Both positive and nega-
tive emotions contribute signifi cantly to 
within-person variability in performance 

in diff erent ways.  This research suggests 
that momentary aff ect has implications 
for attention and immediate performance 
levels.  Findings further highlight how 
little is known regarding the dynamic in-
fl uence of emotions on momentary ability 
to perform one’s task. 

The above fi ndings lead to an array of 
potential avenues for future research.  
Emotions undoubtedly contribute to one’s 
momentary performance level.  The next 
steps include determining what task char-
acteristics may circumvent the attentional 
demand of emotions.  Tasks of interest or 
importance should help maintain task-re-
lated attention in the face of distracting 
emotional states. 

General resource levels may further 
contribute to momentary performance.  
Emotions, including the eff ort to control 
one’s emotions, may drain one’s ability 
to perform.  Chronic levels of resource 
depletion, such as burnout, may lead to 
a greater diffi  culty in attending to tasks 
during the workday.  The performance 
of burned out individuals may suff er 
more from emotional experiences than 
those who are not burned out, as the 
chronically exhausted individual has 
fewer resources to combat the distraction.  
Many research questions remain to be 
examined; the present fi ndings are only a 
fi rst step.

Potential Army/Military 
Applications

A rmy leaders are faced with many 
diff erent activities throughout the 
day.  Variability in performance 

across those activities is obvious and 
important to understand.  Some activities 
are such that one mistake, one instance of 
“below average performance,” can mean 
the death of oneself and one’s Soldiers.  
Here there is no “average” performance, 
no ability to do better next time.  Here we 
need to know what determines perfor-
mance at a particular moment. 
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Environments in which these activities 
are done are not constant, either.  Distrac-
tions enter and leave the work context.  
Problems arise on both a predictable 
and a random basis.  New circumstanc-
es develop.  Change is fundamental, 
changes in Soldier performance, changes 
in immediate environments, changes in 
demands, and, yes, changes in emotional 
states.  In its Broad Agency Announce-
ment, ARI explicitly states its interest in 
“understanding leading to the ability to 
predict how emotions, as positive and 
negative evaluative processes, infl uence 
actions and cognitions.”  Implicit in this 
statement is the recognition that emo-
tions, as states, constitute internal chang-
ing work contexts that infl uence perfor-
mance in a direct and concurrent way. 

The interest of the Army in the eff ects of 
emotional states on Soldier performance, 
and leader performance, is entirely 
appropriate.  Even the smallest amount 
of refl ection will reveal that workplaces 
are settings of emotional intensity.  If 
emotions are generated by appraisals of 
the reaching or impeding of important 
personal goals or values, then where is 
this more likely to play out than at work?  
Each day at work our needs, desires, and 
identities are challenged and affi  rmed.  If 
this is true in the most ordinary civilian 
settings, it must be especially true in the 
military context, where “jobs” have life 
or death implications and where “occupa-
tions” are as much a calling as a simple 
economic exchange.

The within-person approach encourag-
es the development of process models 
for understanding aff ect-performance 
relationships, and process models can 
be more useful for the development of 
interventions, especially those relevant 
to leader decision-making processes.  
The typical approach encourages static, 
structural models of associations.  These 
can be useful approximations to what is 
going on, but aff ective states infl uence 
performance “on the ground,” in real 
time.  Process models that study changes 
in the individual psychological mech-
anisms that accompany aff ective states 

will provide more proximal explanation.  
More proximal explanation will, in turn, 
allow for the development of novel, more 
precisely focused interventions, in turn 
allowing the Army to train eff ective strat-
egies for leaders to manage and mitigate 
Soldier emotional infl uences.

The traditional approach to research link-
ing emotions and performance contains 
an assumption that may not be appropri-
ate for many military tasks.  By looking 
at aggregate, average levels of perfor-
mance, the traditional approach assumes 
that specifi c instances of performance 
can compensate for each other—that a 
worker can compensate for one instance 
of poor performance with a subsequent 
instance of exceptional performance.  
But in many types of jobs, and particu-
larly military tasks, this compensatory 
assumption is problematic.  Each episode 
is self-contained.  A Soldier defusing a 
bomb who, distracted by an emotion-
al state, pulls the wrong wire cannot 
compensate by pulling the right wire the 
next time.  There may not be a next time.  
Indeed, there may be many jobs in which 
failure at one time cannot be made up for 
with a series of later successes.  Conse-
quently, we need explanatory models that 
are better equipped to examine emotions 
and performance as they happen. 

Future Plans

N ow that we have established the 
relationships among emotion, at-
tention, and performance, we are 

following up with issues related to emo-
tional regulation and regulatory resource 
depletion.  We will conduct a 2-week 
experience sampling study, investigating 
the extent to which chronic depletion, 
or burnout, makes it more diffi  cult to 
ignore distractions and remain focused on 
work tasks.  Higher levels of burnout are 
expected to be related to lower levels of 
regulatory resources, indicated by poorer 
focus at work as well as poorer perfor-
mance on tasks assessing general atten-
tional capabilities and less civil behavior 
displayed in the workplace. 

During the year, we will also investigate 
the ability of task characteristics to hold 
attention in the face of emotional events.  
Two experimental studies will soon be 
underway to examine this relationship.  
In the fi rst of these studies, we will look 
at the ability of task complexity to retain 
attention when a situation of reward is 
unjust.  We expect that tasks requiring 
greater cognitive resources will override 
the potential cognitive interference that 
would come from an unfair outcome.  
Likewise, we expect in our second study 
that goals will retain attention on the 
task in spite of emotional reactions from 
being left out of a social situation.  We 
expect that diffi  cult, but attainable, goals 
will draw attention to the task even when 
an emotional response to ostracism is 
evoked.  

In addition, we will conduct an experi-
ence sampling study that examines the 
eff ect of emotional regulation activities 
throughout the day on objective measures 
of attentional control.  We expect that 
those who report more self-regulation 
activities, such as holding back one’s 
emotions, will show decrements in tasks 
designed to measure attention.

Associated Publications

Merlo, K. L., Plemmons, S. A., & Weiss,
 H. M. (2014, May). The impact of
emotion states on performance epi-
sodes. Poster presented at the Annual
Convention of the Association for
Psychological Science, San
Francisco, CA.

Weiss, H. M. (2014, May). Panelist. In S.
 L. Fisher and K. A. Orvis (Chairs),
Beyond the subject pool: Creative
sampling methods in I-O research.
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for Industrial and Organizational
Psychology, Honolulu, HI.
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Predicting and Enhancing Valued Outcomes
Following Challenging Experiences:
Toward New Individual Difference Measures and Induction
Tools for Leadership Development
Contract #: W5J9CQ-12-C-0029 
PI: Todd J. Maurer  

Contract Dates: 28 SEP 2012 – 27 SEP 2017 
Institution: Georgia State University

Learning occurs as individuals engage in challenging experiences and 
then reflect on the outcomes of  those experiences and plan for the 
future.  However, the practice and phenomenon of  developmental re-
flection is not fully understood.  The present project directly addresses 
the previously ignored role of  reflection in relation to predictors and 
outcomes of  learning.  This research project first develops and tests a 
new measure and then conducts a longitudinal study and a field ex-
periment to examine the effects of  a reflection induction/intervention 
designed to increase reflection behavior over time.  The constructs 
and associated assessment methods developed in this project may 
be used as predictors of  performance, motivation, development, and 
adaptability in Army training and field settings.

D evelopment of leadership abil-
ities must come largely from 
within the person in response to 

the challenges that a Soldier and leader 
faces in the experiences he/she encoun-
ters.  Researchers estimate that upwards 
of 70% of all leadership development 
occurs through informal, on-the-job ex-
periences.  However, experiences, in and 
of themselves, do not lead to eff ective 
leadership development.  In fact, one 
very important, yet little understood, 
intervening variable is refl ection on the 
experiences—the thinking that occurs 
about the experience and related thoughts 
about future developmental actions.  This 
intervening variable more directly shapes 
leaders’ future use of such experiences. 

In short, learning occurs as individuals 
engage in challenging experiences and 
then refl ect on the outcomes of those 
experiences and plan for the future.  
However, the practice and phenomenon 
of developmental refl ection is not fully 
understood.  Prior research tends to 

minimize the underlying mechanisms 
explaining the eff ect of developmental 
experiences on subsequent outcomes 
(i.e., occurring in a virtual black box), 
instead of investigating the mechanisms 
directly.  

The present project directly addresses 
refl ection in some detail, examining it in 
relation to predictors and outcomes.  At 
the conclusion of this project we expect a 
number of new insights: 

• This research will tell us more about
refl ection behavior: whether it con-
stitutes an identifi able, distinct, and
somewhat stable individual diff erence
variable; its content and dimension-
ality; and whether it can be induced,
or whether it is both a stable and a
malleable behavior.

• We will learn whether individual
diff erences in refl ection result in
diff erences in development and other
valuable outcomes over time (e.g.,
performance, job and career success,

positive changes in leadership iden-
tity, turnover intentions, and organi-
zational commitment).  In addition, 
as part of the test of whether we can 
increase this behavior experimentally, 
we will learn whether such an induc-
tion results in increased desirable 
outcomes over time in comparison to 
participants who receive no experi-
mental induction.

• We will learn about the relationships
between refl ection and motivation-
al, situational, and other individual
diff erence trait variables.

Research Approach

Ideally, the best research on the 
issues described above would be 
done longitudinally over time, using 

multi-source data or input of a respon-
dent and his/her supervisor or coworker, 
in live or real-world work settings, based 
upon sound theory and measures, and 
with both experimental and correlational 
(naturally-observed relations) data. 

The present research design 
includes two parts.

1. An eff ort to discover the nature of
refl ection and its makeup through
inductive and deductive approaches,
develop the new measure content, and
pilot test these materials.

2. The main longitudinal study in
which the new individual diff erence
measures are tested over time and in
relation to other variables.  This fi eld
experiment also examines the eff ects
of a refl ection induction/ intervention
designed to increase refl ection behav-
ior over time (see Figure 1).

Accomplishments

A s described above, the research 
design includes two parts (i.e., 
develop new measure content 

and the main study).  
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The fi rst part of the project has been 
completed; that is, developing theoreti-
cally- and practically-grounded measures 
and induction of the refl ection behavior.  
To ensure good coverage, this was based 
upon a review of the theory and prac-
tice literature as well as an open-ended 
research study of the content and process 
of refl ection.  

A major accomplishment during that 
period was to complete a study of how 
people naturally refl ect.  This was done 
via open-ended survey questions and 
interviews that focused on the manner 
in which people engage in refl ection on 
challenging experiences related to work.  
The data from the open-ended study shed 
light on how the respondents refl ect-
ed, not on how they should refl ect for 
maximum developmental benefi t.  The 
trends revealed were descriptive and not 
prescriptive.  We, therefore, also exam-
ined the research literature on refl ection, 
after event reviews, and employee and 
leadership development. 

Based upon both of these sources 
(open-ended study, literature review) we 
prepared a draft of new measures and a 
refl ection induction tool (writing exercise 
to shape refl ection), and then conducted a 
pilot study to examine participants’ initial 
psychometric characteristics prior to 
beginning the main study, or “Part 2” of 
the present project. 

The main goal of this fi rst stage of the 
project was ensuring good coverage of 
critical parts of the construct space when 
developing new measures of refl ection 
behavior in relation to challenging expe-
riences at work.  This includes a combi-
nation of deductive (ongoing literature 
review) and inductive (open-ended ques-
tions) approaches to model development 
and measure generation.  

In this project, three main aspects of 
refl ection on challenging experiences—in 
terms of both process and content—were 
identifi ed. These three were included as 
the major measurement categories around 

which the refl ection scale and induction 
tool were developed: 

(1) What/why of refl ection, or the
triggering problem or challenge
component;

(2) How refl ection works, or the
explain-analyze-confi rm component;
and

(3) The implications, or the plan for
action and future change (e.g., “Now
what”) component of refl ection.

In this pilot, we conducted two empirical 
studies that were designed to: (a) explore 
initial/preliminary psychometric charac-
teristics, and (b) provide an initial test of 
a refl ection writing exercise or induction 
tool designed to guide and focus refl ec-
tion on challenging experiences to be 
used in the main study (the upcoming 
phase of the project).  The new scales had 
adequate psychometric characteristics 
for proceeding with a more complete and 
thorough validation in the main study as 
intended according to the project plan. 
Minor improvements or refi nements were 
made prior to that upcoming study based 
upon the results observed in the pilot.

Potential Army/Military 
Applications

T he constructs and associated 
assessment methods developed 
in this project could be used as 

predictors of performance, motivation, 
development, and adaptability in Army 
training and fi eld settings. 

Further, this project develops and tests 
an induction or intervention that can be 
used to increase refl ection behavior and, 
subsequently, infl uence valuable out-
comes. While the project may be relevant 
to many of the areas of interest, it is 
especially relevant to leadership, training 
and learning, and human resources.

Organizing conceptual model and research design overview.
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Leadership

The project addresses critical aspects of 
leader skill development and provides 
tested techniques for training leaders on 
how to make the most of their devel-
opment from challenging experiences 
they encounter.  It enhances their own 
self-awareness of development needs 
and planning, providing strategies and 
measures that facilitate development and 
coping with novel performance situa-
tions. 

In Army leadership development eff orts, 
like institutional training, operational as-
signments are expected to be progressive 
and sequential, providing offi  cers with 
opportunities to use and refi ne their skills 
and continue to learn through on-the-job 
experiences.  This all points to the critical 
need for leaders to maximize develop-
ment from experience via self-generated 
activities such as refl ective practice, 
rather than classroom training, something 
the present project is designed to directly 
address. 

Training and Learning

This project is relevant to training design, 
including identifying training principles 
and theory that can be used to refi ne 
technologies.  The present project in-
volves principles from training, learning, 
cognitive processing, and motivation, 
including new tools and measures to 
enhance training and learning of Soldiers 
and leaders. 

The Army of the future will receive less 
of its training in classroom style settings 
and more of it in the fi eld or on the go. 
The idea of drawing development from 
experience, as outlined in the present 
project, is very consistent with this 
theme.

Human Resources

By developing and validating new con-
structs and assessment methods that can 

be added to existing personnel and se-
lection tools, the present study off ers the 
potential for new techniques for identify-
ing those Soldiers and leaders who will 
be most eff ective at drawing the greatest 
development from challenging experi-
ences they face on duty.  These tools are 
new, not previously examined in the re-
search literature, and applied in a manner 
that breaks new ground, off ering not only 
scientifi c insight but also the potential for 
applied research and techniques. 

The project may aid in understanding the 
development and relationships among the 
psychological, demographic, motivation-
al, and organizational factors that might 
infl uence Soldier retention and Soldier 
productivity.  By developing techniques 
and measures that relate to performance, 
development, success, satisfaction, com-
mitment, and turnover, the present study 
is directly relevant to these key human 
resource concerns.

Future Plans

W e will initiate the main project, 
consisting of (a) a longitudi-
nal study of new individual 

diff erence measures in relation to other 
constructs, and (b) a fi eld experiment that 
examines eff ects of a refl ection
induction/intervention to increase refl ec-
tion behavior.  Figure 1 provides an or-
ganizing conceptual model and research 
design overview that provides a graphic 
preview of the main study.  

There are several parts to the main por-
tion of this project that will be initiated 
during the next year: (a) a recruitment of 
matched pair cases (respondent and his/
her supervisor from work), (b) a longi-
tudinal 3-wave survey over 12 months, 
and (c) a written exercise done by each 
participant (not supervisor) several times 
during the fi rst half of the 12-month peri-
od.  The respondent will provide data on 
the new refl ection measure as well as on 
the predictors and outcomes over time, 
while the supervisor will provide data on 
the respondent’s job and development be-

havior (outcomes).  The written exercise 
is the refl ection guide or induction tool 
that is meant to infl uence or manipulate 
the way the respondent refl ects over time. 
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Leader development is a process occurring over time.  Longitudinal 
research efforts are necessary to meaningfully examine development.  
The West Point class of  1998 presents a unique opportunity to assess 
leader development from a longitudinal context.  The present study 
aims to extend the existing dataset, updating data to capture the 
current career span of  the class.  Extending the database enables an 
examination of  the impact of  experiences, such as education, life, and 
career events, on leadership emergence and one’s success in leadership 
roles.  Additionally, reflection by participants will allow for an under-
standing of  the most pivotal events in one’s development as a leader.

I n this longitudinal study, we will 
extend the Baseline Offi  cer Longitu-
dinal Development Study (BOLDS) 

Project initiated at the United States Mil-
itary Academy (USMA) in 1994 through 
2015. Building on the original BOLDS 
investigation and the work we have done 
over the last few years to organize the 
database, our goal is to continue data col-
lection to further evaluate how members 
of the class of 1998 have developed and 
how they currently perform in leadership 
roles more than 15 years after graduation. 
We will collect additional assessments of 
leadership with measures not available at 
the time BOLDS was initiated in order to 
examine the participating leaders’ growth 
and development. 

The fi rst phase of the extension to 
BOLDS involved building a compre-
hensive database that included all data 
collected thus far from the class of 1998. 
In this next phase, we will collect assess-
ments of leadership and performance in 
the BOLD participants’ current position, 
as well as collecting data on events that 
have shaped their leadership development 
over time. Ultimately, we will focus on 
examining early antecedents that predict 
the most ethical, authentic, adaptive, 
and eff ective leaders and how they have 

grown as leaders since their time at West 
Point.

The BOLDS database includes numerous 
predictors, such as early leadership and 
life experiences, leadership style in the 
USMA, and other predictors of leader-
ship development. There are relatively 
few leadership studies that have the 
advantage of collecting predictors and 
performance data over such extended 
periods of time where we can study lead-
ership at the highest ends of performance 
domains: for example, performing in ex-
tremely challenging contexts, such as in 
the various deployments of our military 
offi  cers. Also, the longitudinal framework 
for this proposed study provides oppor-
tunities to assess growth, change, and 
development in leadership, particularly 
with the collection of new data. Another 
unique feature of BOLDS is that all par-
ticipants started their careers at the same 
time, in the same institution, and entered 
into the same ranked leadership position.  
One of the goals of this project is to enlist 
BOLDS participants to continue this lon-
gitudinal study to further examine their 
growth and leadership potential now, 
more than 15 years after their graduation 
from USMA.

Research Approach

T here are three strategies that com-
prise the analytical approach we 
are using for the BOLDS project. 

The fi rst involves conducting a longi-
tudinal fi eld investigation where we are 
examining early antecedents to leadership 
emergence and performance.  Secondly, 
we will examine how various events in 
the participants’ lives over the past 15 
years have impacted their motivation 
to lead and their leadership styles and 
performance.  The third area of inquiry 
will involve examining leadership growth 
and change. We will use a mixed meth-
odological approach to capitalize on the 
strengths of both qualitative and quantita-
tive methods.

Contributions to 
Basic Research

T his research aims to contribute to 
research by generating an in-
creased understanding about how 

individual diff erences and events impact 
and predict leadership development 
and success over time. The longitudinal 
nature of the study provides us with the 
ability to examine how experiences, in-
cluding pre-academy experiences as well 
as educational, life, and career events 
over the past 20 years, have impacted 
leadership emergence and success in 
leadership roles of USMA graduates.  
Additionally, using a multi-method ap-
proach, the study will allow us to analyze 
refl ections of participants to identify 
which of these experiences are perceived 
to be most pivotal in their own develop-
ment as leaders. 

This research will look at how individual 
diff erences, such as intellectual abili-
ty, personality, self-confi dence, logical 
reasoning, and other personality charac-
teristics predict changes in self-aware-
ness, self-identity, logical reasoning, 
and leadership style.  We expect these 
results to add to our understanding 
about the individual diff erences that are 
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most closely related to and predictive of 
success in leadership roles. Additionally, 
this study includes multi-rater feedback 
from peers, supervisors, and followers of 
the participants, which will be analyzed 
to create a better understanding as to how 
leaders interact with their colleagues and 
how these interactions impact leadership 
development and performance. 

Potential Army/Military 
Applications

A s a result of this research, we 
expect that the Army will obtain 
detailed information about what 

predicts the development of eff ective 
offi  cer leaders. The ability to examine 
how the early leadership experiences at 
the United States Military Academy fos-
tered development of leadership later in 
Soldiers’ careers is an important advan-
tage of the BOLDS project. For example, 
we have the leadership positions held by 
the cadet offi  cers prior to and while at 
West Point, allowing us to examine how 
being involved in certain activities and 
positions may have shaped the cadets’ 
leadership development. We also will 
work to obtain more recent experiences 
that shaped the BOLDS participants’ de-
velopment (for example, engagement in 
extreme contexts, such as being deployed 
in Iraq, Afghanistan, or elsewhere).  With 
BOLDS, we have the data to examine 
how unique profi les of individuals, in 
terms of personality or earlier leadership 
styles, predict subsequent leadership and 
performance over an extended period of 
time. We also have the opportunity to 
collect data on the BOLDS participants’ 
refl ections of what they consider to be 
pivotal events in their leadership life span 
that have impacted how they lead and 
their success in leadership roles. 

Some specifi c applications include:

• The identifi cation of unique devel-
opment opportunities that help to
predict ethical, abusive, eff ective,

adaptive, and transformational lead-
ership styles.  

• An understanding of how critical
life/career/educational events that
have occurred, either within the
military experience or outside of the
military, can directly infl uence lead-
ership growth and development over
an extended period of time.

• An understanding of how intellectual
ability, personality, self-confi dence,
logical reasoning, and other personal
characteristics predict changes in
self-awareness, self-identity, and
leadership style in the USMA and
after graduation, in active military
service or outside the military con-
text, for those who left the Army.

• An understanding of how personal
characteristics and/or types of events
contribute to successfully performing
in extreme performance contexts.

• An understanding of how leaders
interact with superiors, colleagues,
and followers, and the impact those
interactions have had on their lead-
ership development, potential, and
performance.

• An understanding of how each of the
above predicts leadership eff ective-
ness for those BOLDS participants
who have left the military and are in
the private or public sector.

• An understanding of how pre-acad-
emy experiences, education, and life
events predict long-term success in
leadership roles over a 15-year time
span.

Being able to now look back from their 
current positions of leadership, BOLDS 
participants can provide a better un-
derstanding of the experiences at the 
Academy that were pivotal to shaping 
their leadership development. In addition, 
we will be able to examine how their fi rst 
assignments, as well as the leadership 
support they experienced, shaped their 
future development and performance.

Future Plans

I n Phase 2 of this project, upon 
approval of the IRB packet, we 
will collect additional data from the 

BOLDS participants using web-based 
survey measures. Our research team 
will work to fi nalize an up-to-date data 
base of contact information and establish 
connections with BOLDS participants, 
both those who have left the military 
and those who have stayed, to begin 
follow-up with both groups. Specifi cally, 
we will collect self-report survey data on 
participants’ leadership life histories, as 
well as self-report assessments of areas 
relevant to their leadership, such as their 
self-confi dence as a leader, willingness 
to help others at work, confi dence in 
handling ethical matters, approach to 
self-development, and resilience. We 
will also ask participants to provide us 
with a list of raters who can evaluate 
their current leadership style. This will 
give us data to investigate how far they 
have come since their time at West Point 
and which factors may have helped or 
hindered their development. We also will 
solicit BOLDS participants’ continued 
involvement in this longitudinal research 
project, in order to continue to evaluate 
their growth and development over time. 
As we build out this data set in the future, 
it will provide us with incredible insights 
into the ongoing process of leadership 
development.
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ORGANIZATIONAL EFFECTIVENESS

DR. ANDREW J. SLAUGHTER, RESEARCH PORTFOLIO LEAD

In virtually all military operations and contexts, Soldiers and leaders work as part of a larger unit or organization.  
Units are currently operating in a Joint-Interagency context more than in the past, and this trend is expected to 
continue in the future.  Combined and joint efforts by personnel from different services, agencies, and nations create 
numerous challenges, such as how understanding and assumptions of work processes will develop and be man-aged 
and how organizational goals are defined.  The fluid and often ambiguous environment of military operations 
demands that military personnel be able to rapidly adapt to changing circumstances. In order to achieve maximal 
effectiveness at all echelons, it is critical to understand how the processes, structure, and characteristics of these 
organizations impact performance.

The overarching goal of this research portfolio is to expand our knowledge of the complex social, 
cognitive and behavioral processes, structures, and characteristics of multi-echelon organizations and to 

develop improved methods for identifying, measuring, and modeling these factors for predicting 
and improving organizational performance and effectiveness.

Research objectives within this portfolio can be organized into three broad areas: 
organizational processes and dynamics, multi-level methods and models, 

and organizational theory.

Organizational Processes and Dynamics
ARI’s Basic Research Program seeks to develop theories of group structure and processes that can address 
cross-level influences, temporal variation and dynamics, and inter-organizational communication and collaboration.  
The program also strives to expand theory related to the transmission of meaning by individuals and collectives 
within and between organizations, building on theory related to organizational culture, organizational learning, 
social identity, social structure, and sense-making.

Multi-Level Methods and Models
The Basic Research Program strives to develop new measurement techniques for assessing complex multi-level 
constructs that incorporate unobtrusive approaches and are useful for detecting and understanding variation in 
relevant time frames.  The program also strives to develop methods and models for analyzing types of 
organizational structure (formal and inherent) in order to understand how to achieve maximal organizational 
flexibility, effectiveness, and robustness in different mission contexts.

Organizational Theory
ARI’s Basic Research Program strives to develop a coherent multi-level theory of organizations interlinking macro-
organizational characteristics, group processes and structure, social cognition, individual influence, and temporal 
dynamics. Developing and/or improving the tools, principles, and data used in the computational modeling of intra- 
and inter-organizational dynamics, such as agent-based modeling and other approaches to the analysis and study of 
dynamic systems, is also of top priority. 
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ORGANIZATIONAL EFFECTIVENESS

DR. ANDREW J. SLAUGHTER, RESEARCH PORTFOLIO LEAD

Currently Funded Research

ARI's Basic Research Program is currently funding four extramural research projects. 

Brief descriptions of the contracts are provided below, with detailed research summaries of each contract 
pro-vided on pages 49-61.

Tracking and Shaping the Language of Working Groups 
(W5J9CQ-12-C-0043; 2012–2016)

        Dr. James Pennebaker (University of Texas, Austin) is using text-based methods to analyze the language 
(and associated linguistic properties) of small task-oriented workgroups.  Speci  cally, this research seeks 
to assess basic social processes related to cohesion and informal leadership status via these novel mea-
sures, as well as to use such measures to provide real-time feedback to individuals and groups.

Understanding Network Socio-Geographic Dynamics: Using Smartphones to Locate, Track, and Study
Goal-Directed Team Behaviors
 (W15QKN-13-C-0090; 2013-2017)

       Dr. Kevin Curtin (George Mason University) and colleagues are utilizing a multi-disciplinary approach  
       to investigate goal-directed behavior of teams and multi-teams in geographic space.

A Computational Modeling Approach to Organizational Effectiveness: Mapping the Effects of  Leadership,
Group Structure, and Environmental Shocks
(W911NF-14-0026; 2014-2019)

Dr. Steve Kozlowski (Michigan State University) and colleagues are employing a novel research approach
using computational modeling to conduct virtual simulations that will enable full exploration of a
meaningful theoretical space relevant to the focal phenomena.

The Development and Construct Validation of  Unobtrusive Dynamic Measures of  Team Processes and
Emergent States
(W911NF-15-1-0014; 2014-2019)

Dr. Scott Tannenbaum (Group for Organizational Eff ectiveness, Inc.) and colleagues are developing new
methods for classifying, measuring, and using complex data from teams and groups to understand group
processes.
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Tracking and Shaping the Language of  Working Groups
Contract #: W5J9CQ-12-C-0043  Contract Dates: 12 SEP 2012–30 APR 2016  
PI: James W. Pennebaker  Institution: The University of Texas at Austin
Co-PI/Subcontractors: David I. Beaver, The University of Texas at Austin; Arthur C. Graesser, The University 
of Memphis; Jeff rey T. Hancock, Cornell University

O ver the last 60 years, thousands 
of researchers from psychology, 
business, the military, educa-

tion, communications, medicine, sports, 
and other disciplines have attempted to 
defi ne what makes for successful group 
outcomes. The dominant paradigm that 
has emerged in the group literatures is 
the Input-Process-Outcome model (IPO). 
Most empirical studies have focused on 
the Input portion of the model. Studies on 
group size, composition, role structure, 
context of the group, and so forth have 
yielded an impressive number of fi ndings 
that are often relevant for specifi c types 
of groups. By the same token, many 
studies have been done on group out-
comes—ranging from measures of group 
performance, cohesiveness, longevity, 
and so forth.

The most discussed, but the least studied 
or understood feature of the IPO model, 
has been the “P”—process. There is no 
doubt that how members of a group work 
with one another is critical to understand-
ing a group. 

The problem has been how to measure 
group interactions. Three recurring issues 
have challenged group process research-
ers:

• identifying the basic coordinating
mechanisms of a working group,

• agreeing on good measurement
strategies that refl ect relevant group
processes, and

• eff ectively manipulating the active
ingredients in ways that can improve
group processes and performance.

Researchers interested in social interac-
tions are standing on the threshold of a 
new world. For the fi rst time, scientists in 
social psychology, artifi cial intelligence, 
and communications are developing tools 
that can capture real-world social interac-
tion through people’s use of natural lan-
guage. We can now begin to think about 
ways of measuring information transfer, 
language coordination, emotional tone, 
and other processes as they occur and, at 
the same time, distinguish which features 
of language are most related to outcomes 
of interest. Most exciting is that we 
can begin to harness these fi ndings and 
provide immediate feedback to group 
members in ways that can shape their 
interaction styles.

We seek to track the natural language 
of working groups to predict and ulti-
mately shape group cohesiveness and 
performance. Using an online group chat 

tool that we have recently developed, 
real-time assessments of word use will be 
made in online group interaction and will 
allow for real-time feedback in ways that 
are predicted to improve group function-
ing.

Research Approach

F or the last several years, the PI 
has been teaching classes us-
ing a computerized technology 

called TOWER (Texas Online World of 
Educational Research) for testing and in-
class discussions. The TOWER platform 
regularly creates task-oriented, online 
group interactions consisting of 2-30 
people. The platform not only facilitates 
the current group dynamics research in 
a methodological sense, but allows for 
the wholesale collection of data relevant 
to group processes. Additionally, each 
group’s interactions can be analyzed by 
a word counting software, Linguistic 
Inquiry and Word Count (LIWC), within 
the TOWER system and manipulations 
of group dynamics can be delivered 
using this information. In other words, 
the TOWER system allows for real-time 
analysis and feedback about the ways 
group members use words.

The fundamental goal is to harness the 
results of correlational studies in order 
to allow us to create feedback systems 
to infl uence later group behavior. While 
the idea of software to support group 
processes is not new, most group support 
technologies have not directly manipulat-
ed the ongoing communication process-
es of the group. New results from this 
approach will inform our understanding 
of how groups work, what facilitates/hin-
ders group success, and how these factors 
can be altered in real time.

Accomplishments

C entral to the project is the under-
standing of how groups work in 
learning environments. Across 

the Fall of 2012 and the Fall of 2013, 

The purpose of  this project is to apply a new way of  thinking about 
language analysis to the understanding of  the dynamics of  online 
educational groups. Rather than focus on the content of  group dis-
cussion, this research project measures words that reflect the essence 
of  social relationships of  people in the group. The current research is 
aimed at determining how features of  natural language can measure 
actual group dynamics that are linked to outcomes—both in terms of  
learning and group performance, as well as markers of  group cohe-
siveness. Ultimately, the tools and algorithms coming from the project 
will have practical utility in the education and training of  large groups 
of  people.
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we collected data from more than 2,000 
students enrolled in the TOWER course. 
These data include relevant psychological 
measures of each individual in the course 
and complete behavioral data for more 
than 5,000 separate group interactions. 
Multiple lines of analytic procedures 
have commenced that combine data from 
both classes, and advanced data min-
ing procedures have commenced with 
regards to group processes and outcomes. 
Additionally, multiple software/algo-
rithm creation projects have completed 
an initial development cycle and are 
being employed for the purposes of data 
extraction and analyses.

Early analyses have been primarily fo-
cused on gaining a concrete understand-
ing of what processes actually exist in the 
course of a group interaction. Thus far, 
we have been fi nding that there are sever-
al reliable linguistic markers of diff erent 
group processes. For example, we have 
begun a thorough exploration of how a 
single group member may individually 
and subtly contour a group’s processes 
and subsequent performance in a positive 
(“boosting”) or negative (“bombing”) di-
rection (see Figure 1). People who tend to 
boost a group’s eff ectiveness and engage-
ment often tend to possess language that 
is indicative of specifi c thought process-

es, such as making appropriate conceptu-
al distinctions and matching the linguistic 
styles of others, as well as less overtly 
social language (language pertaining to 
one’s friends, family, and others).

Importantly, by studying the language 
of individuals who show a tendency to 
“boost” a group, we are able to predict 

es. Analyses at this level are revealing 
that “seeding” a group with boosters 
may be benefi cial insofar as they possess 
linguistic characteristics that impact other 
group members in a positive manner. 
When groups are composed of people 
with the linguistic profi le of boosters, 
these groups tend to be more behaviorally 
engaged, report greater cohesion, match 
each other’s linguistic styles more, and 
group members tend to exhibit improved 
performance on later tasks.

Other analyses in our lab are showing 
some success in creating a computation-
ally lightweight method for exploring 
the degree to which members of a group 
are staying on task and, at a basic level, 
discussing the same subject matter. Early 
results in this area are fi nding that there 
are two distinct ways in which group 
members may be closely engaged with 

A visual depiction of the “boosting versus bombing” concept.
This fi gure depicts the idea behind analyses exploring “boosting” and “bombing.” On 

the left, imaging that the inverted cone represents a group’s cohesion and performance. 
In this case, a group member would be “boosting” the rest of their group members by 
driving up positive group attributes, processes, and behaviors. On the right, a group 

member is “bombing,” eff ectively doing the exact opposite of a “booster.”

Predicting group success based on its composition.
This fi gure depicts the degree to which a group may be successful based upon its 

composition of “boosters” and “bombers.” The fi gure shows that as the number of 
“boosters” in a group increases (in addition to how strongly they have “boosted” their 

past groups), a group’s cohesion reliably increases, as shown by the rising purple plane.

the degree to which a 
group’s composition 
will infl uence its cohe-
sion and performance 
prior to its formation 
(see Figure 2). The way 
this is achieved is by 
tracking each individual 
across multiple group 
interactions to calculate 
how much they tend to 
have a positive infl u-
ence on group process-
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each other: stylistically and in terms of 
content. The importance of these fi ndings 
is that the two ways group members en-
gage each other show only modest over-
lap, and is predictive of quite diff erent 
things. For example, stylistic matching 
appears to be related to factors such as a 
person’s gender, performance, and open-
ness to ideas, whereas content matching 
appears to show stronger relationships 
with a group’s cohesion, conscientious-
ness, and lower levels of individual-level 
psychopathy.

Contributions to 
Basic Research

Theoretical Contributions to Basic 
Research

T he current project will make 
considerable contributions to the 
existing theories of group dynam-

ics, behavior, performance, and function-
ing from a process-driven perspective. A 
core facet of the way that groups function 
is through the verbal mode of commu-
nication, especially in modern contexts 
that rely heavily upon computer-mediated 
communication for the education and 
training of large numbers of individuals. 
However, empirical research in this realm 
is currently lacking, as is our general 
understanding of the processes by which 
groups may become successful as inter-
actions occur in a procedural fashion. 
Our research in this realm is beginning 
to elucidate the various language-based 
factors that contribute to the inner work-
ings of a group, namely, how groups may 
come to perform at various levels as a 
result of the meaningful sharing, creation, 
and promulgation of language-based in-
formation. Theoretical implications from 
this work are, fi rstly, an unprecedented 
look at how groups function in a manner 
that is rigorous, valid, and reliable. As 
virtually no solid empirical research ex-
ists in the realm of the current project, we 
are quite literally creating new theories of 
how groups function with every analysis.

Pragmatic Contributions to Basic 
Research

An ancillary consequence of this research 
project is the creation and eventual 
distribution of various software, algo-
rithms, and tools that may be adapted to 
research purposes beyond those proposed 
within the current project. Software and 
algorithms related to group interactions 
may be broadly applied in research 
methodologies for disciplines interest-
ed in topics such as (but certainly not 
limited to) relationships, dyadic interac-
tions, communications, human-computer 
interaction, data mining, education, 
behavioral shaping, performance, and 
clinical outcomes. Some tools generated 
in the context of the current project will 
also serve to facilitate data analyses with 
popular statistical packages, such as R, 
which is currently used by researchers in 
virtually all quantitative fi elds of inquiry.

Potential Army/Military 
Applications

T he purpose of this project is to 
apply a new way of thinking 
about language analysis to the 

understanding of the dynamics of online 
educational groups. The proposed ap-
proach represents a perspective that could 
not have been achieved even 10 years 
ago. The central idea is to use comput-
er-based language analysis methods to 
track ongoing group processes and to 
subsequently shape group behavior with 
real-time language feedback. Rather than 
focus on the content of group discussion, 
the proposed system measures words that 
refl ect the essence of social relationships 
of people in the group. It is proposed that 
by monitoring and changing fundamental 
group processes that we can improve 
group eff ectiveness.

There is no doubt that how members of a 
group work with one another is critical to 
understanding a group. The problem has 
been how to measure group interactions. 
Three recurring issues have challenged 

group process researchers.  Our online 
group monitoring and feedback tool will 
allow for a new generation of groups 
research in which interactions are stud-
ied in real time. However, without the 
groundwork to systematically determine 
the features of language that are theoreti-
cally and empirically linked to social pro-
cesses, the TOWER tool is just another 
communication medium. 

With specifi c regards to our analyses and 
results thus far, the potential applications 
to military training are quite profound. 
Given that Army/military procedures are 
largely social in nature and may typically 
involve groups of varying sizes, identify-
ing impactful features of group members 
through their language is a powerful 
prospect looming on the horizon. Perhaps 
one of the most relevant results is that 
involving the “boosting vs. bombing” 
concept. By monitoring language, both 
inside and outside of group contexts, it 
may be possible to identify those individ-
uals who would be best suited to disperse 
among diff erent groups to “seed” group 
cohesion and later group performance. 
Relatedly, it may be possible to identify 
individuals who show linguistic proclivi-
ties of “bombers”—that is, those individ-
uals who may need additional or diff er-
ent training to become a more positive 
infl uence on a group’s processes.

Our early analyses of how group mem-
bers engage with each other on a one-to-
one level in terms of stylistic and content 
similarity also show promise for appli-
cation to group scenarios in the military. 
While stylistic similarity is relatively 
automatic, content matching may be 
more malleable and accessible to those 
overseeing group training exercises. By 
focusing on both stylistic similarity and 
the previously poorly-studied content 
matching indices being developed in our 
lab, groups may be able to be optimally 
trained to interact, thereby setting the 
stage for smooth and eff ective future 
group interactions and enhanced indi-
vidual-level performance outside of the 
group setting.
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Final Summary 

T he promise of computerized 
technologies for the analysis of 
natural language use in real-time 

social interactions is in its infancy. 
The realization of text analyses for the 
measurement of ongoing social dynamics 
requires that several lines of research 
come together: establishing reliable and 
valid language-based metrics of group 
dynamics, using the language-based 
metrics to develop meaningful feedback 
systems to infl uence group processes, and 
the development of text analytic tools 
and approaches. 

Work under the current contract will 
continue to develop in terms of scope and 
analytic capabilities.  Across the dura-
tion of the contract, the primary focus 
of the research will be in educational 
settings where the primary goal is to 
maximize the individual performance of 
group members, with a secondary goal of 
improving group performance of ailing 
or ineff ective groups. Across all studies, 
we plan to collect two broad outcomes: 
group performance and self-rated group 
climate measures.

The fi rst project is correlational; it will 
explore the relationships between word 
use within group interactions and various 
individual and group outcomes. The 
second project will rely on an automated 
system using algorithms derived from 
the fi rst project wherein we will provide 
real-time feedback to individual group 
members and to the group as a whole 
about their social processes in an attempt 
to train groups to work more eff ectively.

By building on our research that exam-
ines the links between word use and 
social processes, alternative theoretical 
models of group dynamics will be tested, 
with an eye to developing interventions 
to assess and improve interactions. Ulti-
mately, the tools and algorithms coming 
from the project will have practical 
utility in the education and training of 
large groups of people. Finally, we will 

continue building a new set of automated 
text analysis tools to track real world 
social behavior through people’s natural 
language.
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Understanding Network Socio-Geographic Dynamics: Using 
Smartphones to Locate, Track, and Study Goal-Directed Team 
Behaviors 
Contract #: W15QKN-13-C-0090 Contract Dates: 30 SEP 2013—29 SEP 2017 
PI: Kevin M. Curtin   Institution: George Mason University
Co-PI/Subcontractors: Richard M. Medina, George Mason University; Alec D. Barker, Group W Inc.

Intelligence approaches to the prob-
lems of terrorism, insurgency, 
traffi  cking, organized crime, and 

political subversion demand methods to 
discern and interpret spatial patterns of 
activity associated with teams pursuing 
illicit goals while operating freely among 
a population. Analysts use terms such 
as “autonomous cells” and “leaderless 
resistance” to characterize these teams as 
discrete social networks that are united 
by common objectives, even though they 
may operate in a decentralized man-
ner and work towards disparate tasks. 
Behavioral scientists, especially orga-
nizational psychologists, have studied 
team motivation and performance for 
many decades and produced sophisti-
cated models of goal-oriented collective 
activity. Signifi cantly, research focused 
on the interdependence of teams under 
conditions of decentralized authority 
has produced the concept of multiteam 
systems. The multiteam systems con-
cept may help explain the behaviors of 
politically subversive groups. While there 
is a rich theoretical literature to describe 
the forms, functions, and functioning of 

teams, and while there are also numerous 
examples of theory-driven models of hu-
man competition, there is no fundamen-
tal empirical research to describe how 
teams and multiteam systems, especially 
clandestine teams, actually pursue goals 
in geographic space. 

This program of basic research explores 
the geographic behaviors of teams pursu-
ing group goals in order to produce new 
measurements, hypotheses, and data sets 
describing those behaviors. The motiva-
tion is to propose theories that explain 
and predict how illicit teams—such as 
groups involved in terrorism, smuggling, 
and other criminal or politically subver-
sive activities—move and communicate. 
This eff ort may also lead to knowledge 
about how licit teams behave, and it may 
contribute to the development of gener-
alizable theory useful in understanding 
the behaviors of many diff erent kinds of 
teams in numerous domains. The project 
will strive to answer questions such as: 
• How do teams move as a unit?
• How do individuals within teams

move? Who are the leaders?

• How does communication infl uence
the movement?

• Does movement depend on the goal
(e.g., pursuers move diff erently than
hiders)?

• Do communications also depend on
goal type?

• What indicators of team process-
es (e.g., information-gathering,
goal-setting, execution) can be re-
vealed by analysis of movement and
communications information?

• How do spatial factors, such as
boundaries and terrain, infl uence
team behavior and competitive
outcomes?

• How do social and cultural factors,
such as familiarity (interpersonal,
task, environment) and diurnal popu-
lation fl ows, infl uence team behavior
and competitive outcomes?

Research Approach

T he approach applies statistics, 
methods, and theories from 
among multiple disciplines 

including geography, industrial and orga-
nizational psychology, network science, 
operations research, and strategic studies. 
The research design uses mixed methods 
and human subjects; it is an experimental 
analysis of behavior that uses computer 
simulation, table-top simulation, and a 
smartphone-based data collection system 
to study how small teams pursue goals 
in both virtual (i.e., laboratory) and 
real-world environments. This project 
collects data about the locations, times, 
message traffi  c, motivations, decisions, 
and team affi  liations of each player 
subject. Participating subjects comprise 
a convenience sample from among an 
undergraduate student body on a large 
university campus. Subjects interact as 
teams in simple games like hide-and-
seek. Each team receives objectives (e.g., 
pursue or evade) and a motive for which 
to achieve their objective (e.g., winning 
the game). 

No fundamental empirical research exists to describe the goal-directed 
behavior of  teams and multi-team systems in geographic space. This 
research draws from extant research, and applies statistics and meth-
ods, from among multiple disciplines including geography, sociology, 
network science, systems engineering, and strategic studies to develop 
new testable hypotheses, produce an empirical baseline, and evaluate 
some propositions about the socio-geographic behaviors of  discrete 
social networks.  Results will provide new metrics, defensible hy-
potheses, and randomized, empirical, and theoretical distributions of  
observations to support new research in societal instability, criminolo-
gy, radicalism, social psychology, and simulation of  stochastic human 
geographic processes.
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Potential Army/Military 
Applications

D evelopment of knowledge about 
the geographic patterns of team 
and multi-team behaviors will 

support further basic research about 
topics including team performance, cohe-
sion, resilience, communication, motiva-
tion, leadership, and culture. This project 
may also eventually support applied 
research in societal instability, criminolo-
gy, radicalism, management science, and 
computer simulations. Applied research 
in these interest areas may in turn lead to 
engineering and development that would 
be meaningful to many professional com-
munities. It is hoped that such advances 
will ultimately lead to improvements in 
civil services, social welfare, and public 
safety at home and abroad.

Some examples of potential applied 
research topics and questions that might 
be of interest to the U.S. military may 
include: 

• Targeting and Decision Support in
Irregular Warfare: What patterns
of movement and communication
may permit identifi cation of hidden
discrete teams operating within large
populations? How can understanding
the geographic dynamics of goal-di-
rected social behaviors assist in
diff erentiating illicit social networks
operating clandestinely to achieve
politically subversive goals?

• Migration, Border Enforcement, and
Trans-Border Communication: What
factors infl uence how teams move,
communicate, and make decisions in
diff erent geographies? How do these
factors change in diff erent cultures,
under diff erent hierarchical con-
structs, or with diff erent communica-
tions technologies?

• Cohesion and Culture: How do
teams and systems of teams behave
in ways that improve cohesion, rela-
tional bonds, and goal accomplish-
ment? How do changes in organiza-
tional culture correlate with changes

in the operational activities of front 
line teams? When and how do out-
wardly observable behaviors indicate 
serious dissension within teams? 

• Disaster Response and Recovery:
How do survivors move and com-
municate as teams in the aftermath 
of natural and man-made disasters? 
What team behaviors correlate with 
successful disaster response and 
recovery operations such as urban 
search and rescue? How do disaster 
response team members learn about 
their environment and communicate 
with each other?         

• Support to Civil Authorities: What
variables may indicate the time,
location, and severity of mob
behaviors such as rioting, looting,
vandalism, and other unlawful “fl ash
mobs?” What variables suggest when
and where these behaviors are likely
to metastasize, relocate, or subside?

• Military Information Support Op-
erations: How do discrete infl u-
ence networks propagate memes in
geographic space? What indicators
suggest how, when, and where
economic, cultural, and political
“tipping points” occur?

• Post-Confl ict Stabilization, Econom-
ics, and Society: How do teams (or
quasi-teams) associate, move, and
communicate to maximize revenue
in industries characterized by mobili-
ty and cooperative competition (e.g.,
street vendors, fi sheries, taxicabs,
etc.)?

Future Plans

O ver the next year, this project 
will proceed along fi ve primary 
lines of activity: statistical de-

velopment, table-top exercises, pilot full-
scale exercises, live full-scale exercises, 
and post-processing and analysis.

• Statistical Development: This activi-
ty involves studying expected values
of statistical measures of goal-di-
rected social behaviors in a series
of developmental case studies. This

activity also includes developing the 
smartphone software, integrating that 
software with sensor hardware and 
networks, and developing a custom-
ized statistical analysis application.

• Table-Top Exercises: After human
subjects research approval and in-
formed consent have been obtained,
participants will engage in table-top
exercises to begin producing empir-
ical observations. Exercise prepara-
tion involves recruiting participants,
collecting materials, making logis-
tical arrangements, and confi guring
the laboratory instrumentation (see
Figure 1).

• Pilot Full-Scale Exercises: Several
pilot studies will help implement a
full-scale data collection system in
real geographic space, assess data
quality, evaluate statistical outputs,
and troubleshoot (see Figure 2). This
activity involves confi guring and
testing systems as well as imple-
menting remediation.

• Live Full-Scale Exercises: A major
portion of this activity is dedicated to
recruiting, screening, and obtaining
the informed consent of participating
subjects. The researchers will form
teams of individuals and allow the
teams to become familiar with each
other and discuss their tasks. Players
will engage in the exercise, move
about the study area, and communi-
cate via various media. The research-
ers will monitor the quality of data
collected and direct any maintenance
needs. Afterwards, the researchers
will interview the participants in
group and/or individual settings.

• Post-Processing and Analysis: Pro-
cessing includes cleaning, loading,
and examination to prevent any
corruption that might disrupt anal-
ysis. Analysis includes generating
statistics, making comparisons, and
investigating interesting correlations.
The researchers will form hypothe-
ses to explain these observations and
begin investigating these hypotheses.
This activity also includes preparing
reports to summarize these fi ndings
and conclusions.
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An integrated information system will collect data about the 
real-world movements and communications of participant subjects engaged 

in the full-scale pursuit-and-evasion exercises.

Table top exercise:  laboratory confi guration. Participant 
subjects will engage in table-top exercises in a virtual visualization 

laboratory that maintains player perceptions separately from the global 
representation of player-to-player, player-to-team, and team-to-team 

interactions.
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A Computational Modeling Approach to Organizational 
Effectiveness: Mapping the Effects of  Leadership, Group 
Structure, and Environmental Shocks 
Contract #: W911NF-14-1-0026 Contract Dates: 16 MAY 2014—15 MAY 2019 
PI: Steven Kozlowski  Institution: Michigan State University
Co-PI/Subcontractors: Georgia T. Chao; Michael T. Braun; James A. Grand

T he ability to foster and maintain 
agile teams is a core competency 
for the U.S. Army.  Three aspects 

of team adaptability are particularly 
critical: (a) how individuals and teams 
with diverse attributes and backgrounds 
can work together eff ectively; (b) how 
leaders can align individual behaviors 
to enhance team and multiteam system 
outcomes; and (c) how the capacity of 
teams can absorb internal and external 
shocks (e.g., changes in group composi-
tion, tasks, member interdependencies, 
environmental shifts) and successfully 
adapt their processes to meet unfore-
seen changes.  This research maps how 
teamwork emerges––bottom-up––to 
shape team, multiteam system, and 
organizational eff ectiveness.  The fi rst 
phase of work will focus on the team 
level (i.e., process mechanisms within 
teams). We will examine the mechanisms 
by which leaders’ relative emphasis on 
formal versus informal team structures 
shapes diff erent patterns of team col-
laboration.  The research will develop a 
set of principles that address when and 

how these structures can be coordinated 
to facilitate team performance and how 
team composition should be aligned to 
facilitate team eff ectiveness.  The second 
phase of work will extend Phase 1 to 
focus on multiteam leadership structures 
and multiteam composition features (i.e., 
process mechanisms between teams). 
The third phase of work will examine 
how formal and informal group struc-
tures should change in response to an 
environmental shock that fundamentally 
modifi es the mission and/or composition 
of the group.  Patterns of change and ad-
aptation that emerge from environmental 
shocks are likely to depend on social or 
cultural identities that tie two individuals 
or groups together.  Leadership styles and 
behaviors can be instrumental in helping 
a group adjust.  Figure 1 describes how 
these components for team dynamics 
can interact to infl uence team, multiteam 
system, and organizational eff ectiveness. 

Although organizational science has 
many narrative theories that speculate on 
the complexities of within and between 

team interaction processes, such theories 
lack precision and are diffi  cult to apply 
to real world problems. Computational 
modeling (CM) is a research approach 
based on the specifi cation of formal 
theory, development of precise process 
mechanisms, and use of virtual experi-
mentation. This combination of research 
tools is capable of developing funda-
mental principles of team and multiteam 
system eff ectiveness. The CM, coupled 
with agent-based simulation (ABS), 
maps relevant theoretical spaces, can 
explore “what if” scenarios, and provides 
a basis for specifi c application-relevant 
recommendations.  This approach will 
enable the researcher to explicitly control 
features of leadership, team composition, 
and environmental shocks; to system-
atically identify principles relevant to 
forecasting team and organizational 
outcomes.

Research Approach

T his project will develop a theo-
retically-based CM to understand 
how leadership, formal and 

informal structures for team member 
interactions, team composition, and 
internal and external shocks shape the 
nature of unit collaboration, adaptabili-
ty, and eff ectiveness.  A CM provides a 
mathematical depiction of a phenomenon 
of interest representing the mechanisms 
by which a dynamic process unfolds. It is 
focused on the fundamental mechanisms 
of emergence as a “bottom-up” process. 
Such models specify mathematical 
equations or logical if-then statements to 
describe system dynamics from one time 
point to the next. Thus, the computational 
model formally specifi es a set of rules or 
goals that guide the behavior of enti-
ties or “agents” of interest, in dynamic 
interaction with other entities. The CM is 
instantiated in an ABS, such that multiple 
entities—each with their own unique 
properties—will be used to represent in-
teracting micro-level units nested within 
teams and a broader multiteam system.

Among the major problems in organizational research is the chal-
lenge of  getting a wide range of  variability on core constructs and 
the challenge of  capturing the dynamics of  core process mechanisms 
across multiple levels of  analysis. The vast majority of  organizational 
research is based on limited sampling strategies (i.e., single organi-
zational samples) that constrain variance and static research designs 
(i.e., cross-sectional data) which fail to capture processes directly. This 
research uses computational modeling to conduct virtual simulations 
that will enable full exploration of  a meaningful theoretical space 
relevant to the focal phenomena. Implications focus on advancing a 
dynamic, multi-level representation of  multiteam systems that can 
be used to identify critical leverage points for personnel practices and 
future empirical research aimed at improving organizational effective-
ness.
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Heuristic of the proposed 
computational model of team and organizational eff ectiveness.

Potential Army/Military 
Applications

T he U.S. Army has historically 
played a critical role in the devel-
opment and advancement of basic 

theory and applied research relevant to 
the organizational sciences. We believe 
that the application of CM techniques 
and methodologies to the study of human 
behavior within organizational systems 
marks the next major step forward in 
this tradition. By examining diff erences 
in the creation and usage of communi-
cation/collaboration structures in groups 
composed of more versus fewer diverse 
members, we will be able to identify 
basic principles regarding group compo-
sition and interaction that can be used to 
stimulate recommendations and future 
research in the area.  For example, a key 
concern with the modern military is the 
ability to quickly and successfully absorb 
and overcome unexpected, sudden shifts 
in task requirements or personnel com-
position.  Issues related to such adaptive 
behavior include the ability for units to 
quickly assess and make sense of new 
events, reach a shared understanding of 
available courses of action, and collec-
tively develop and enact appropriate pro-
cedures to satisfy the unit’s objectives.  
Results from this research will help 
specify fundamental principles that con-
sequently enable subsequent empirical 
research to be more precisely targeted for 
specifi c interventions that can enhance 
team adaptability. 

As they apply to the Army and its ability 
to pursue and off er solutions to problems 
faced by personnel in the modern mili-
tary environment, the potential benefi ts 
of identifying these fundamental pre-
scriptive principles are at least twofold. 
First, the explication and visualization 
of the interrelations among key variables 
such as leadership, team structures, and 
multiteam system processes permitted by 
the computational approach will provide 
decision-makers with a grounded, evi-
dence-based tool for justifying where and 
how to invest research funds into areas 

where more applied, intervention-focused 
research would be most benefi cial. For 
example, a key focal point in the pro-
posed project is the examination of the 
eff ectiveness of vertical versus shared 
informal team leadership structures; 
by “quantifying” how successful these 
diff erent approaches are under a variety 
of potential team and environmental 
conditions—a feat that would be diffi  cult 
(if not impossible) to evaluate with real 
human data—insight is gained into the 
expected return on investment of research 
targeted at infl uencing leadership styles 
in a manner consistent with these struc-
tures. A second closely related benefi t 
is the ability to provide insight into the 
eff ectiveness of current or envisioned 
personnel practices under a wide range 
of potential yet unpredictable operating 
conditions. The increasingly turbulent 
global theater in which the U.S. military 
operates poses a number of challenges 
for extracting best practices and evi-
dence-based solutions from research 
based on limited and/or tightly controlled 

environmental contexts. However, the 
development of a formal computation-
al model will enable one to generate 
well-informed, generalizable, and 
predictive forecasts of the eff ectiveness 
of various team and multiteam leader-
ship structures under various within- and 
between-team conditions. Furthermore, 
this same fl exibility permits examination 
and quantifi cation of how adaptive and 
responsive various system confi gurations 
would be to unexpected shocks that 
might arise. As a result, decision-makers 
would have the predictive tools from 
which to make informed decisions about 
critical personnel and organizational 
choices.

Future Plans

W e are currently engaged in 
Phase 1 of the research: 
examining the infl uence of 

team leadership structures and team 
composition on team processes such as 
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team collaboration and team outcomes 
such as cohesiveness and performance.  
Currently, we are designing the task ar-
chitecture for a CM. The task structure is 
critical for specifying basic work process 
mechanisms whereby the actions of team 
member agents are linked together.  Task 
structure design includes specifying the 
overall task and specifi c subtasks, indi-
vidual attributes of agents (team mem-
bers), timing of team process dynamics, 
and rules for agent-task interaction, as 
well as defi ning pathways for leader and 
agent infl uence.  

Research plans for the remainder of this 
fi rst year include development of the 
computational model and conducting vir-
tual experiments to evaluate basic propo-
sitions on the infl uence of leadership and 
team composition on team processes and 
outcomes.
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The Development and Construct Validation of
Unobtrusive Dynamic Measures of  Team Processes
and Emergent States
Contract #: W911NF-15-1-0014  Contract Dates: 22 DEC 2014—21 DEC 2019 
PI: Scott Tannenbaum, Group for Organizational Eff ectiveness, Inc.
Co-PI/Subcontractors: John Mathieu, University of Connecticut 

This research is geared towards the development of  new methods 
for classifying, measuring, and using complex data from teams and 
groups to understand group processes. This project will help develop 
new methods to aid in the linguistic analysis of  teams and groups and 
identify methods that may be used for effective unobtrusive measure-
ment—that is, gathering useful data about groups without intrusive 
surveys and assessments.

T he inability to easily employ 
dynamic construct-valid leading 
indicators of team eff ectiveness 

is an Achilles heel limiting the devel-
oping and testing of dynamic models of 
team performance. ARI is interested in 
measurement approaches that avoid the 
use of traditional surveys completed by 
team members or observational ratings 
by subject matter experts. We propose 
a theoretical framework, measurement 
protocol, and methodology to better 
understand and predict team behavioral 
processes and states in dynamic social 
networks using unobtrusive measures. 

Whereas recent theory and practice have 
emphasized the importance of viewing 
team eff ectiveness in dynamic temporal 
frameworks, traditional methodologies 
limit assessments of processes and states 
to relatively few occasions, and typically 
rely on costly, subjective, and intrusive 
data collection methods (e.g., self-report 
ratings and surveys or time-consuming 
observational coding of behaviors by 
researchers). 

The proposed program of research is de-
signed to overcome these limitations and 
to develop dynamic measures of team 
processes and states based on communi-
cation patterns and other information that 

can be gathered unobtrusively, indexed 
automatically, and analyzed using longi-
tudinal methods. 

If successful, this program of research 
will facilitate the advancement of team 
eff ectiveness theory, research, and prac-
tice by enabling the detailed examination 
of dynamic relationships in a manner that 
has not previously been feasible.

We propose a methodology to convert 
team member communications, via com-
puter-aided text analysis (CATA), into 
indices of team processes and emergent 
states. We further propose to index team 
dynamics in terms of network confi gura-
tion and to model their relationships with 
team outcomes in dynamic environments. 

Research Approach

I n Year 1, we establish the guiding 
framework and develop generic team 
process and emergent state dictionar-

ies to apply to existing data sets of team 
communications, yielding indices of key 
team dynamics and cross-validate these 
against traditional measures. 

During Year 2, we will extend the ge-
neric solution to focus on specifi c types 

of teams, develop targeted supplemental 
dictionaries, and index team dynamics 
over time using unobtrusive measures.

In Year 3, we will collect team commu-
nication data in concert with sociometric 
information (using unobtrusive badges) 
and will synthesize those data streams 
into a more comprehensive assessment of 
team processes and states.

In sum, the proposed line of research is 
designed to provide a workable meth-
odology for unobtrusively capturing, 
indexing, and modeling dynamic team 
processes and states that can serve as 
leading indicators of team eff ectiveness 
and to address a key obstacle to the ad-
vancement of team eff ectiveness theory, 
research, and practice. 

Accomplishments

I n Year 1, we established an overar-
ching and guiding team dynamics 
framework, as well as the particular 

dimensions to be focused upon. This 
framework will guide the development 
of various unobtrusive diagnostic tools 
aligned with the state of the art in team 
scholarship. A preliminary version of this 
framework was submitted for consider-
ation in the yearly review issue for the 
Journal of Management and received an 
invitation to submit a complete version–
that is, a revise and resubmit. In brief, 
as illustrated in Figure 1, the framework 
advances the idea that achieving mea-
surement fi t for dynamic team constructs 
involves clear explication of the construct 
space and then aligning both measure-
ment features and contextual consider-
ations.

We have begun initial developmental 
work for establishing generic dictio-
naries (for use with Diction and other 
software) to index diff erent team dy-
namics. These dictionaries are in the 
process of being refi ned using existing 
databases of team communications. One 
set of dictionaries has been developed 
to index a taxonomy of team processes 
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(Marks et al., 2001) both in terms of 
relatively narrow fi rst-order constructs 
(e.g., goal specifi cation, aff ect manage-
ment), as well as the three corresponding 
higher-order constructs (i.e., transition, 
action, and interpersonal processes). In a 
second initiative, we have developed dic-
tionaries for indexing team resilience at 
diff erent levels of specifi city. In addition, 
we have begun developing customized 
supplements for diff erent task environ-
ments for preliminary “proof of concept” 
and validation eff orts. 

We have partnered with APTIMA/ARL 
(Army Research Laboratory) and begun 
the process of gaining access to data 
from MCTP (Mission Control Training 
Program) exercises. This will include 
two qualitative investigations (led by 
Colonel Dale Watson), and a full scale 
data collection. This has evolved into an 
on-going collaboration with APTIMA 
(Dr. Kara Orvis and colleagues) and ARL 
(Dr. Arwen Decostanza and colleagues). 
MCTP may well serve as a prime venue 
for data collection throughout the dura-
tion of the grant. We are also discussing 
with APTIMA/ARL the potential use of 
existing MCTP data in initial validation 

work, and we have submitted the appro-
priate IRB materials to gain such access. 
This environment has the added benefi t 
of being a multi-team system, allowing 
us to examine unobtrusive team measures 
within and between teams in a complex, 
military simulation.

Contributions to 
Basic Research 

A  major limitation in research on 
team dynamics is an over-
reliance on self-report survey 

measures. While surveys are a useful re-
search tool, they are subject to self-report 
bias and in some cases, individuals “are 
not aware of what they don’t know,” so 
simply asking them for their perspective 
may not yield accurate insights. More-
over, survey administration is simply not 
feasible in some research environments. 

Finally, there is a concern with survey 
fatigue, which can occur when individ-
uals are asked to complete surveys too 
frequently. Therefore, there is a need to 
supplement the existing research toolkit 

with new and innovative ways of exam-
ining team dynamics that do not rely on 
self-report measures. 

This program of research targets that 
basic research need, starting with the es-
tablishment of an organizing framework 
for thinking about dynamic unobtrusive 
measures, and moving forward with the 
development and testing of specifi c unob-
trusive measures, based on, for example, 
naturally occurring communication 
patterns and physical proximity of team 
members. 

This research will help establish the 
boundaries of what is feasible, provide 
a launching point for future research 
eff orts, and, we hope, yield a few innova-
tive methods for gathering and analyzing 
unobtrusive indicators of team dynamics. 
The framework and methods produced 
during this eff ort should have a signif-
icant eff ect on basic research on team 
eff ectiveness.   

Potential Army/Military 
Applications 

T he Army and other branches of the 
military rely heavily on teams to 
accomplish their mission. Teams 

are complex entities, and this program of 
research can help the Army mission in 
two fundamental ways. Most directly, it 
will address a key obstacle to conducting 
the next generation of team eff ectiveness 
research. Should the proposed approach 
prove valid, it will allow the Army to 
conduct better, more targeted research on 
team eff ectiveness. 

Secondly, the methodological approach 
and techniques we will be developing 
through this program of research could 
serve as the foundation for the establish-
ment of future diagnostic tools to assess 
team dynamics and emergent states dy-
namically and unobtrusively. Such tools 
could be used to maintain awareness of 
team readiness and risks, highlighting 
when intervention may be needed by 

Team dynamics framework to guide measurement.
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leaders and commanders. Next-
generation unobtrusive team 
measurement tools could also be used to 
improve the efficacy of team training 
efforts; for example, by providing 
enhanced information to instructors or 
guiding more targeted after-action 
reviews.  

Future Plans 

D uring Years 2 and 3, we will ex-
tend the generic solution to focus 
on specifi c types of teams. We 

will develop targeted supplemental dic-
tionaries that can be combined with the 
generic ones for use in specifi c settings. 
Using unobtrusively gathered data, we 
will then index team dynamics over time, 
in a network framework. 

In so doing, the research will advance 
from teamwork in general to teamwork in 
context, and from tracking team inter-
actions as an undiff erentiated whole, to 
a more detailed analysis of interactions 
among members.  Our analyses can also 
examine how well diff erent media (e.g., 
face-to-face, radio communications, IM) 
convey diff erent types of information 
about team dynamics. 

We will collect team communication data 
in concert with sociometric information 
(e.g., members’ physical proximity, com-
munication turn taking) gathered through 
an unobtrusive badge and will synthesize 
those data streams into a more compre-
hensive assessment of team processes 
and states. We will develop and validate 
a methodology for integrating com-
munication analyses with sociometric 
information, illustrate dynamic multiplex 
network analysis techniques and applica-
tions, and identify key temporal trends in 
the evolution of team processes and state 
outcome relationships.
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Army Soldiers and leaders are expected to plan and operate in ways that require them to interact with and support 
individuals from other military services, organizations (civilian and military), nations, and ethnic/cultural back-
grounds.  Understanding how differences in culture affect interpersonal interactions, social influence, leadership, 
and other social phenomena is critical to the operational effectiveness of the Army.  Further, understanding how 
cultures develop and change will provide key insights into the broader context for these interpersonal interactions.  
The future success of joint/interagency and multinational operations is likely to be affected by the manner in which 
the underlying cultures differ, how those differences affect cognition and behavior, and the ability of individuals 
and organizations to recognize, plan for, and deal with these differences.  In addition to the operational importance 
of cross-cultural capability, the Army is also interested in understanding and influencing the development and 
change of organizational culture within Army units and organizations.  The Army’s ability to assess and influence 
the or-ganizational culture of units within the Army is one of the signifi cant determinants of the Army’s adaptability 
in a dynamic geo-political context.

The overarching goal of this research portfolio is to develop theories and models of culture 
that can be used to improve understanding and prediction of individual perceptions, cognition, 

and behavior within different cultural contexts, and to develop improved processes 
for assessing culture and culture-related behavior and cognition.

Research objectives within this portfolio can be organized into three broad areas: 
 defining and refining the meaning of culture, understanding cultural differences

in teams and groups, and assessing culture and cultural change.

Dening and Rening the Meaning of Culture
ARI’s Basic Research Program seeks to expand models of culture to fully incorporate perspectives offered by 
multiple disciplines (e.g., psychology, sociology, anthropology, behavioral economics, linguistics) to examine intra- 
and inter-cultural variability across a wider range of overlapping contexts, including geographic, organizational, 
social, and familial.  The program also seeks to identify specific dimensions of culture applicable to ethnic, 
national, regional, and organizational contexts, which can be meaningfully applied to improve understanding of 
individual or small group behavior and perceptions. 

Understanding Cultural Differences in Teams and Groups
ARI’s Basic Research Program strives to develop an improved understanding of the antecedents of culturally-rel-
evant cognition, such as cultural awareness and identity, as well as the psychological and behavioral reactions to 
violations of cultural norms, including cultural and individual differences that moderate such reactions.  Developing 
theories to explain how or why real or perceived differences in culture (e.g., organizational, national) are associated 
with differencesin relevant outcomes such as attitudes, cohesion, or performance is also of top priority.

Assessing Culture and Cultural Change
ARI’s Basic Research Program strives to develop improved methods for assessing culture that integrate methods 
from psychology, sociology, ethnography, and anthropology.  These methods may include or address concepts such 
as situational strength, cultural memes, and cultural artifacts, norms, beliefs, and behaviors.  The program also seeks 
to identify the sources of change in culture and enculturation across different time scales. 

SOCIO-CULTURAL CAPABILITIES

DR. STEFANIE A. PLEMMONS, RESEARCH PORTFOLIO LEAD
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Currently Funded Research

ARI’s Basic Research Program is currently funding two extramural research projects.  

Brief descriptions of the contracts are provided below, with detailed research summaries of each 
contract provided on pages 65-69.

The Role of Implicit and Explicit Cognition in Cultural Learning
   (W911NF-13-1-0113; 2013–2017)
             Dr. Michael Morris’s (Columbia University) work investigates how mentors eff ectively enact common 

mentoring functions in order to shape mentees’ competency development and other career outcomes, as well 
as how the eff ectiveness of specifi c mentor behaviors may depend on several contingency factors, such as 
characteristics of the mentee and contextual factors.

The Etiology and Consequences of  Organizational Con ict Culture 
   (W911NF-15-1-0011; 2014–2018) 
             Dr. Michele Gelfand’s (University of Maryland) research examines a comprehensive model of confl ict 

culture, including such precursors as leadership, team composition, and situational constraints, and such 
outcomes as team effi  ciency and eff ectiveness. The research addresses several specifi c research questions in-
volving organizational culture processes, including research questions related to the interplay of leadership, 
organizational structure, and team composition on unit culture.

DR. STEFANIE A. PLEMMONS, RESEARCH PORTFOLIO LEAD

SOCIO-CULTURAL CAPABILITIES
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The Role of  Implicit and Explicit Cognition in Cultural 
Learning
Contract #: W911NF-13-1-0113  Contract Dates: 15 AUG 2013-14—14 AUG 2017 
PI: Michael W. Morris  Institution: Columbia University

Cultural competence is a critical skill for service members deployed 
overseas. As such, better selection and training of  intercultural under-
standing would prove highly beneficial to the military. The current 
set of  studies develops and tests a model of  implicit cultural learning 
from interpersonal situations, asserting that cultural competence hing-
es largely on awareness of  situation-behavior-outcome contingencies 
that people learn from social situations. It is expected that individuals 
with better implicit learning ability and multi-cultural backgrounds 
will exhibit steeper learning curves of  cultural competence. The proj-
ect moves past models of  explicit learning and examines the interplay 
of  implicit and explicit learning on the cultural learning process. 

I ntercultural learning is crucial to the 
eff ectiveness of defense missions. 
The current research draws on recent 

developments in the fi elds of cognitive 
and cultural psychology to propose a 
model of cultural learning from everyday 
interpersonal interactions. In the process, 
we develop new methods for training 
and selecting individuals for intercultural 
adaptability. Our proposed studies build 
on recent preliminary work on the role 
of situations in cultural conditioning of 
decision-making. We will test the relative 
contributions of individuals’ explicit and 
implicit learning abilities, explicit and 
implicit cognition, and metacognitive 
propensity, in shaping individuals’ suc-
cess at cultural learning.

To illustrate experiential and vicarious 
learning of a new culture, let us start with 
the example of Rex and Jose, recently 
arrived U.S. military personnel in the 
Helmand Province of Afghanistan. Rex 
studied political science in college and is 
working his way through a stack of books 
on Afghan history. With a pre-
deployment semester of Pashto, he can 
read and write simple sentences. Yet 
since the local dialect is diff erent from 
that he learned in class, Rex struggles 
to comprehend conversations or express 

himself to the locals. Also, while Rex 
has studied ethnographies of Pashtun 
customs and can describe them articu-
lately, he is perplexed to observe that the 
younger generation of Afghan soldiers 
does not adhere to all these customs. 
Jose arrived with little pre-deployment 
training but lots of curiosity. Rather than 
learning from a classroom, he learns best 
by meeting people—drinking tea, sharing 
meals, and visiting shops. An outgoing 
person with a good ear, he quickly picked 
up phrases for greeting diff erent kinds 
of people in diff erent situations, though 
he uses some phrases without knowing 
exactly what they mean. He has made 
friends and feels he is “getting the hang 
of it” in terms of working eff ectively 
with Afghan people, yet he is not adept at 
explaining what works to others. 

While Rex and Jose are both learning 
about Afghan culture, they go about 
this in very diff erent ways: Rex more 
academically and Jose more intuitive-
ly. These examples represent the two 
extremes of learning based upon two dis-
tinct mental systems. As we should see, 
learning from experience often involves 
combinations of explicit and implicit 
cognition. The current project seeks to 
explore this phenomenon. 

Research Approach

I n our experimental procedure, partic-
ipant-trainees will be presented with 
depictions of interpersonal interac-

tions in a foreign culture. For example, in 
some studies, participants will be shown 
pictures of individuals from the other 
culture and asked to select the greeting 
that they would engage in (for example, 
bowing versus shaking hands). In other 
studies, participants would be presented 
with descriptions of interpersonal infl u-
ence situations and asked whether they 
would accommodate to the infl uencer or 
not. Participants would receive feedback 
based on whether the chosen action is 
culturally appropriate or not. After this 
training phase, participants’ explicit 
understanding of the appropriateness of 
various actions in a new culture would 
be assessed. We would both measure 
and manipulate explicit and implicit 
processing, and the propensity to engage 
in metacognitive thought, to test their 
respective roles in cultural learning. Our 
model suggests novel ways of selecting 
and training individuals for foreign cul-
ture assignments.

Contributions to 
Basic Research

Learning and Training: Techniques to 
elicit knowledge from experts and alter-
nate sources. 

T he armed forces typically elicit 
knowledge from subject matter 
experts, such as academic experts, 

practitioners, and previously engaged 
armed forces personnel. However, local 
people also have a wealth of cultural 
knowledge that can be tapped. Whereas 
behavioral scientists have used expe-
rience sampling techniques to elicit 
people’s thoughts, feelings, and behav-
iors, the present research uses the related 
situation sampling technique for a novel 
purpose: to elicit information about 
everyday situations from people who ex-
perienced those situations. If successful, 
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the situation sampling technique might be 
an additional resource for researchers to 
collect information that would be useful 
in a variety of settings and applications.

Personnel Selection and Assignment 

The proposed method attempts to link 
implicit and explicit processing capac-
ities, as yet unstudied in the domain 
of cultural learning, as key individual 
diff erence variables that predict individ-
uals’ ability to implicitly pick up patterns 
occurring in everyday interpersonal 
situations. If successful, both individuals’ 
general processing capacities (as as-
sessed through standard cognitive tasks) 
and more specifi c aptitudes (as mea-
sured through sub-scales of the cultural 
intelligence scale) can be used to select 
individuals who would be best suited for 
tasks that involve close interaction and 
collaboration with locals, such as atmo-
spherics teams.

Potential Army/Military 
Applications

Learning and Training: Methods de-
signed to structure poorly specifi ed 
knowledge. 

E veryday situations contain a 
wealth of information about 
how individual actors respond to 

events; about people’s thoughts, feelings, 
and behaviors in everyday life; about 
the social roles of diff erent individuals 
in diff erent circumstances; about the 
prevalent norms of behavior in diff erent 
circumstances; and about which thoughts, 
feelings, and behaviors are appropriate in 
the culture and which are not. However, 
this information is poorly specifi ed and 
diffi  cult to capture. Whereas armed forces 
personnel are given extensive training 
about customs, norms, and behaviors 
common in the host culture, they are 
usually not provided information about 
the types of mundane situations they are 
likely to encounter routinely in the host 
culture and how to act appropriately in 

those situations. The proposed research 
attempts to capture unstructured infor-
mation contained in everyday situations 
by collecting verbal descriptions of 
situations and the behaviors that were 
appropriate or inappropriate in those 
situations. In the future, researchers can 
collect samples of situational expectan-
cies from societies where Army person-
nel are going to be involved and expose 
the personnel to a large collection of such 
situations to familiarize them with the 
atmospherics of the host setting. 

 Learning and Training: Methods for 
increasing the basic level of eff ective 
adaptability. 

The proposed research aims to develop 
a method to increase individuals’ basic 
level of adaptability in a new culture by 
teaching them how to act appropriately 
in inter-cultural interactions in their new 
area of operations. The proposed training 
method is successful and can be imple-
mented with armed forces personnel who 
might be deployed to a new country, 
especially those who are likely to exten-
sively engage with the local population. 
Although time availability is severely 
restricted in pre-deployment training, the 
proposed method can be implemented 
within an hour. The proposed method 
can also be used in general professional 
military education to train candidates 
about cultures where the armed forces 
are presently engaged in, and therefore, 
where candidates might subsequently be 
posted. 

Future Plans

W e plan to conduct a series of 
experiments to test the central 
thesis of this project in the 

upcoming year. Study 1 will test wheth-
er participants’ implicit learning ability 
and their cultural metacognition predict 
their ability to vary their decisions across 
situations from diff erent cultures. Study 2 
will test whether American participants’ 
implicit learning ability, explicit learn-
ing ability, and cultural metacognition 

predicts their ability to learn to make 
systematically diff erent decisions in sit-
uations derived from India. Study 3 will 
test whether Indian participants’ implicit 
learning ability, explicit learning ability, 
and cultural metacognition predict their 
ability to learn to make systematically 
diff erent decisions in situations derived 
from the U.S. culture. Studies 4 and 5 
will test whether Singaporean partici-
pants’ implicit learning ability, explicit 
learning ability, and cultural metacogni-
tion predict their ability to learn to make 
systematically diff erent decisions in situ-
ations derived from the U.S. and India. 

These fi ve studies will further test the 
predictive ability of multiple measures of 
implicit learning ability, such as the artifi -
cial grammar learning task and the prob-
abilistic classifi cation task, along with 
contrast implicit learning ability with 
comparable measures of explicit learning 
ability and IQ. To provide experimental 
support for the fi ndings, Study 6 will test 
whether disrupting people’s ability to 
learn through implicit processes using a 
delayed feedback manipulation will make 
it more diffi  cult for them to learn to alter 
their decision making in situations from 
another culture. The fi ndings, if consis-
tent with the hypotheses, would highlight 
that cultural adjustment is not simply a 
matter of acquiring explicit knowledge 
but of learning complex patterns implicit-
ly. We will also test whether participants 
can verbalize the probabilistic rules of 
behavior that they have learned in the 
situation simulation task. 
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The Etiology and Consequences of  Organizational Con ict 
Cultures
Contract #: W911NF-15-1-0011  
PI: Michele J. Gelfand  

Contract Dates: 15 DEC 2014—14 DEC 2018 
Institution: University of Maryland, College Park

The current project investigates from a multilevel perspective the 
top-down and bottom-up influences on conflict cultures within 
organizations.  A series of  studies, including qualitative interviews, 
surveys, and ethnographic observations, will be conducted to examine 
the determinants and outcomes associated with four distinct conflict 
cultures: dominating, collaborative, avoidant, and passive-aggressive.  
Identification of  multilevel determinants and outcomes is expected to 
assist in the diagnosis and modification of  conflict culture based on 
unit composition and tasks.  The current project also has implications 
for personnel assignment, as a knowledge of  individual differences 
and unit conflict culture may assist in improving fit within a unit.

Confl ict is an inherent part of orga-
nizational life and has profound 
implications for outcomes at the 

individual, unit, and organizational lev-
els.  While ample research has explored 
individual factors that impact confl ict 
within organizations, particularly indi-
vidual confl ict management styles, we 
suggest that there are key factors at the 
unit and organizational level that shape 
how confl ict is managed in organizations.  
Though individuals may have idiosyn-
cratic preferences for diff erent confl ict 
management strategies, we argue that 
organizational contexts provide strong 
situations that serve to create shared and 
normative ways to manage confl ict—
what we have referred to as distinct 
confl ict cultures.  These confl ict cultures 
ultimately minimize individual varia-
tion in confl ict management strategies 
in organizations. Initial explorations of 
organizational confl ict cultures sug-
gest that these cultures vary along two 
primary dimensions: (a) active versus 
passive confl ict management norms and 
(b) agreeable versus disagreeable confl ict
management norms.  These dimensions
produce four distinct confl ict cultures:
dominating (active and disagreeable),

collaborative (active and agreeable), 
avoidant (passive and agreeable), and 
passive-aggressive (passive and disagree-
able).  These confl ict cultures arise from 
unique constellations of variables, in-
cluding top-down and bottom-up factors 
within units.

The present research will provide a 
systematic investigation of the factors 
shaping confl ict cultures in a multi-site 
hospital system and their consequences 
at the individual, unit, and organization 
level.  We will assess top-down 
aff ordances of confl ict cultures, includ-
ing unit leader personalities, leadership 
behaviors, unit organizational structure, 
reward structures, and situational factors, 
such as threat and time pressure.  We will 
also explore bottom-up forces, including 
personality, values, and demographic 
composition of the work units.  Using ar-
chival, survey, and observational data, we 
will illuminate the multilevel outcomes 
associated with confl ict cultures, includ-
ing incivility, harassment, unit viability, 
turnover and absenteeism, and satisfac-
tion.  We will also examine bottom-line 
outcomes, such as patient errors, length 
of stay, readmission rates, number and 

type of patient complaints, patient death, 
patient satisfaction, and lawsuits, among 
other variables that are available. 

Research Approach

T his research will be guided by a 
multi-method research approach 
that involves interviews, survey 

research, observations, and archival 
data collection.  Qualitative interviews 
of hospital staff  in multiple units will 
inform, expand, and refi ne our culture 
confl ict theory.  A large-scale survey 
eff ort will assess confl ict cultures, their 
top-down and bottom-up sources, and 
their consequences amongst individu-
als, including physicians, nurses, staff , 
licensed practitioners, and support per-
sonnel across more than 200 units.  This 
survey will be integrated with archival 
data on bottom-line outcomes.  Based on 
the results of the survey, we will select 
units that refl ect the prototypes of our 
diff erent confl ict cultures and conduct 
ethnographic observations to provide 
additional validation evidence for the 
quantitative data and illuminate addition-
al dynamics that expand the theory.  The 
primary data-analytic approaches used 
will be content analysis of the qualitative 
data, exploratory and confi rmatory factor 
analysis, multiple regression, and random 
coeffi  cient modeling. 

Accomplishments

I n the fi rst 4 months of the grant 
administration, we have coordi-
nated with key contacts within the 

hospital system to lay the groundwork 
for the project.  Kick-off  meetings with 
these contacts and stakeholders provided 
briefi ngs on the structure of the hospital 
system, as well as the history of confl ict, 
confl ict cultures, and professionalism 
at the institution.  We also discussed 
previous and ongoing eff orts to assess 
professionalism and confl ict cultures in 
the system, as well as the current safety 
monitoring questionnaires used in the 
hospital.  Finally, we developed a joint 
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action plan and coordinated a timeline for 
meeting project milestones.

We have also initiated key eff orts aimed 
at refi ning and extending the initial 
framework of the etiology and con-
sequences of organizational confl ict 
cultures.  We began several literature 
searches and reviews designed to provide 
a thorough foundation for future ac-
tivities.  First, we conducted a general 
review of medical systems, hospital re-
porting structures, and medical education 
to provide background information on 
potential institutional and industry factors 
that may impact confl ict cultures.  Sec-
ond, we reviewed previous organizational 
research conducted within hospital and 
medical settings to determine key predic-
tors and outcomes studied within these 
settings, with an eye toward creating a 
comprehensive list of relevant metrics 
and measures for later survey develop-
ment.  Third, we searched the organiza-
tional psychology, medical, and medical 
education literatures for topics related to 
organizational confl ict cultures, including 
but not limited to civility, professional-
ism, and the “dark side” of organizational 
behavior (e.g., passive-aggressiveness, 
incivility, harassment, bullying, etc.).  
Finally, we conducted a literature search 
on cultural memes to inform our theories 
on the development and propagation of 
confl ict cultures.

Contributions to 
Basic Research

T his research has the potential to 
make signifi cant advances in the 
science of confl ict and organiza-

tional culture.  A shift to studying confl ict 
management at the organizational level 
is critical for advancing theory, research, 
metrics, and practice and complements 
extant research by adding a higher level 
of analysis—the organizational level—to 
study of confl ict in organizations.  De-
spite considerable progress in the study 
of confl ict management at the individual 
and small group level, there has been 
a critical gap in studying higher levels 

of analysis; with few exceptions, there 
has been very little theory and research 
on how confl ict management operates 
at the macro, organizational level.  Put 
diff erently, while confl ict is often argued 
to be part of organizational systems, the 
literature on confl ict is paradoxically 
largely divorced from any organizational 
context.  The current project will fi ll this 
lacuna by examining how specifi c aspects 
of the organizational context, namely the 
confl ict culture, impacts confl ict manage-
ment throughout organizations and within 
units.

Moreover, a confl ict culture perspec-
tive integrates confl ict research directly 
into the mainstream of organizational 
sciences literature.  By taking an orga-
nizational-level perspective on confl ict, 
confl ict management literature becomes 
intricately related to core topics such as 
leadership, structure, culture, organiza-
tional change, issues of attraction-selec-
tion-attrition and person-organization 
fi t.  Accordingly, understanding how 
confl ict cultures are created and sus-
tained through top-down and bottom-up 
processes, and how they are linked to 
organizational-level outcomes, will help 
to integrate the confl ict management fi eld 
with other core organizational behavior 
topics. 

This project will also contribute to 
advancements in the measurement of 
confl ict at the organizational level, as 
well as its predictors and consequences.  
Prior to the current project, a proof of 
concept study using a new measurement 
showed that confl ict cultures do, in fact, 
exist within organizations and operate 
at the unit level of analysis (Gelfand et 
al., 2012).  This study showed distinct 
confl ict cultures in diff erent branches of a 
bank and that perceptions of the confl ict 
cultures were shared amongst branch 
members.  Further, this study showed that 
the diff erent confl ict cultures were related 
to key predictors and outcomes, including 
leadership, psychological safety, burn-
out, unit cohesion, and customer service.  
While providing some support for an 
organizational confl ict culture perspec-

tive, this study was limited in its scope, 
which the current project will remedy.  
Through our collaboration with the multi-
site medical system, we will be able to 
collect data from numerous sources to 
test the measurement of confl ict cultures 
as well as their multilevel predictors and 
consequences.

Potential Army/Military 
Applications

A s confl ict is an inevitable part of 
organizational systems, it needs  
to be examined and managed 

from a macro cultural perspective.  Our 
systematic research on organization-
al confl ict cultures will provide evi-
dence-based research that will enhance 
the operations of the United States Army 
through its impact on (a) identifi cation, 
(b) modifi cation, and (c) alignment of
confl ict cultures.  Through this research,
the Army will be able to identify a coher-
ent picture of the particular key features
of each of the four confl ict culture types,
allowing Army leaders and command to
diagnose the confl ict cultures present in
particular units or parts of the organiza-
tion.  This is necessary for the second ele-
ment: modifi cation.  By having the ability
to diagnose the type of confl ict culture in
place and by also understanding the caus-
es that create and sustain particular con-
fl ict cultures, practical interventions can
be developed to modify them to a more
desired type.  Finally, alignment concerns
the relevant outcomes attached to each
confl ict culture and how they match the
particular goals of a unit in question.

This project may also impact a number 
of additional factors and processes that 
support and enhance Army capabilities.  
Information gleaned from this project 
on person-organization fi t may enhance 
selection and placement processes within 
the Army.  Individuals with certain 
personality types or personal values may 
be better suited to working within one 
confl ict culture over another.  For exam-
ple, a very extroverted and disagreeable 
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Soldier may fi t better in a dominating or 
collaborative confl ict culture, given the 
active confl ict norms of these systems 
over more passive cultures.  Enhancing 
person-organization fi t vis-à-vis orga-
nizational confl ict cultures can have a 
number of important consequences at 
the individual level—including Soldier 
satisfaction and commitment, as well as 
at the unit level, such as unit performance 
and safety. 

Further, this project can help address 
potential deleterious forces that inhibit 
eff ective functioning in the Army.  Our 
multi-level approach to exploring the 
consequences of confl ict cultures will 
provide key information on the “dark 
side” of organizations, including coun-
terproductive work behaviors, incivil-
ity, bullying, and physical and sexual 
harassment.  Our project will provide 
systematic, evidence-based information 
on how confl ict cultures may facilitate or 
inhibit these negative behaviors, as well 
as crucial insights on potential levers to 
modify confl ict cultures to avoid these 
destructive processes and outcomes.

This research will also explore how 
confl ict cultures relate to diversity in 
organizations.  Our fi ndings will help 
inform and support the Army’s diver-
sity mission. First, we will test to see 
if confl ict cultures diff erentially aff ect 
women and racial and ethnic minorities 
in organizations.  For example, dominat-
ing or passive aggressive confl ict cultures 
may create a diffi  cult or hostile environ-
ment for women and racial and ethnic 
minorities, given that the norms inherent 
to these cultures are highly competitive 
in nature, and/or because they might 
receive backlash when they engage in 
competitive styles that are consistent 
with the norms.  We will also investigate 
the possibility that confl ict cultures may 
moderate the eff ects of work unit diversi-
ty for individual and unit-level outcomes.  
Some confl ict culture types are more 
likely to inhibit the ability for diversity to 
result in positive outcomes, while others 
are more likely to unleash the power of 
diversity for creativity.  For example, 

dominant confl ict cultures may foster 
stereotypical thinking, distrust, confl ict, 
and a lack of information sharing among 
diverse group members.  Accordingly, 
diverse groups should have much lower 
performance than homogenous groups in 
dominating confl ict cultures.  This eff ect 
may be especially likely for more visible 
forms of diversity (e.g., age, gender, 
ethnicity, etc.).  In contrast, collaborative 
confl ict cultures may provide the most 
useful organizational context for the 
innovative and creative outcomes associ-
ated with diversity.  As they cultivate an 
open, trusting environment that seeks pro 
-social, constructive solutions, it may be
the best place for diff erent perspectives to
be heard and taken into consideration.

Future Plans

I n the upcoming year, we expect to 
continue refi ning our existing theory 
on organizational confl ict cultures 

and to prepare for the upcoming large-
scale survey within the hospital system.  
We will conduct content analysis on the 
focus group data from the hospital sys-
tem, with a focus on understanding the 
common themes and experiences across 
units as well as unique perspectives 
within units.  Together, the information 
gleaned from the focus groups and litera-
ture searches will be used to develop and 
refi ne a list of initial metrics and data col-
lection procedures for the survey.  Based 
on this list, we will begin the survey 
development process, including creating 
and/or refi ning leader and unit scales 
related to confl ict cultures.  We will also 
work with hospital personnel to develop a 
clear schematic of the hospital structure, 
which we will use to target work units for 
survey participation.  We will research 
and test potential platforms for the large-
scale survey deployment and work with 
our collaborators to identify participants 
to be included in the pilot samples for 
the survey.  We plan to launch at least 
one pilot wave of the survey, after which 
we will refi ne the survey and its deploy-
ment method to address any problematic 
items or features.  Finally, we will launch 

the large-scale survey and begin data 
analysis. 

Associated Publications

SIOP 2014 William A. Owens Scholarly
     Achievement Award, Society for 

Industrial-Organizational Psychol-
ogy, best paper published in 2013 
(Gelfand et al., Confl ict Cultures in 
Organizations: How leaders shape 
confl ict cultures and their organiza-
tional-level consequences, Journal of 
Applied Psychology)

Gelfand, M., Harrington, J. R, & Leslie,
 L. (2014). Confl ict cultures: A new
frontier for confl ict management
research and practice. In O B. Ayoko,
N. Ashkanasy, & K. A. Jehn (Eds.),
Handbook of Confl ict Management.
New York, NY: Edward Publishing,
Inc.

Gelfand, M., Chiu, C.Y., & Hong, Y.Y.
  (Eds.), in press, 2015. Advances in 
Culture and Psychology  (Volume 5). 
New York, NY: Oxford University 
Press.
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The formal study of how social, psychological, and behavioral phenomena relate to physiological activity has exist-
ed for more than 100 years.  Recent advances in measurement technology, to include new measurement tools such 
as compact sensors resting on the skin surface that non-invasively record internal body functioning and neuroimag-
ing devices to assess brain activity, as well as new and sophisticated statistical approaches, have led to a prolifera-
tion of research on the interrelationships of the human mind and body.  Examining key areas of significant promise 
is central to maximizing the usefulness of research from this domain.  The great emergence of scientifi c potential 
from this discipline has not yet been fully harnessed by the Army, particularly as it relates to understanding and 
improving the cognitive and behavioral capabilities of the Soldier.  Fundamental research in the psychophysiologi-
cal underpinnings of behavior and individual differences holds promise for making innovative strides in personnel 
testing, training, and leader development; specifically, the research can advance the understanding of the underlying 
basis of why people think and behave differently.  In the simplest terms, the central focus of this domain is the iden-
tifi cation and understanding of what happens or exists inside the brain and body that gives rise to variations between 
people that lead others to label some individuals as “smart,” “empathetic,” “sociable,” or “extraverted,” among other 
characteristics. 

The overarching goal of this research portfolio is to understand underlying physiological dissimilarities that 
give rise to observable individual differences in behavior and identify useful biological correlates for 

psychological constructs with an emphasis on psychological primitives, while advancing understanding
of the theoretical framework linking internal body functions to cognitive processes.

Research objectives within this portfolio can be organized into two broad areas: 
individual differences and theory of the human mind.

Individual Differences
ARI’s Basic Research Program seeks to advance the fundamental understanding of physiological processes, both 
central (e.g., brain activity) and peripheral (e.g., muscle tension, heart rate), associated with distinct cognitive, 
affective, and motivational characteristics of individuals.  The Basic Research Program also strives to identify and/
or ex-plicate measurable biological and neurological correlates (with an emphasis on activity and function, not 
location) of psychological individual diff erences with the intent of improving the understanding of human behavior.  

Theory of the Human Mind
The Basic Research Program seeks to advance the theory of mind to elucidate the theoretical meaning of physio-
logical activity from a psychological perspective, with particular emphasis on developing a broad theoretical frame-
work connecting physiological function to psychological concepts (e.g., motivation, cognition, affect).  The pro-
gram also seeks to refine existing theory of individual differences (e.g., temperament, affect, ability, and aptitude) to 
link traditional psychological theory with the biological and neurological basis of individual variation, as well as 
explore the fundamental relationships among classes of individual differences.  

PSYCHOPHYSIOLOGY OF INDIVIDUAL DIFFERENCES

DR. GREGORY A. RUARK, RESEARCH PORTFOLIO LEAD
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    Currently Funded Research

ARI’s Basic Research Program is currently funding two extramural research projects.  

Brief descriptions of the contracts are provided below, with detailed research summaries of 
each contract provided on pages 73-79.

Optimizing Threat Detection Under Signal-Borne Risk 
   (W5J9CQ-12-C-0028; 2012–2016) 
            Dr. Spencer Lynn (Northeastern University) uses a signal detection framework in a perceptual decision-

making environment to assess how individual diff erences in aff ective reactivity, executive function, and moti-
vation infl uence decision-making under conditions of uncertainty and risk.

Affective Realism: How Feelings In uence Perception 
   (W5J9CQ-12-C-0049; 2012–2016) 

            Dr. Lisa Barrett (Northeastern University) modifi es conscious visual perception of individuals during exper-
imental procedures to better understand fi rst impressions and person-perception judgments; that is, how “gut 
feelings” infl uence what individuals believe is true about a person or an object in the world.

PSYCHOPHYSIOLOGY OF INDIVIDUAL DIFFERENCES

DR. GREGORY A. RUARK, RESEARCH PORTFOLIO LEAD
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Optimizing Threat Detection Under Signal-Borne Risk
Contract #: W5J9CQ-12-C-0028 
PI: Spencer Lynn 

Contract Dates: 27 SEP 2012—30 APR 2016 
Institution: Northeastern University

Emotion perception research has revealed marked variability in 
people’s abilities to infer emotional states of  others. Using a novel 
utility-based signal detection framework, we will examine physiolog-
ical, affective personality, and cognitive factors that contribute to this 
variability. The overall goal of  this research is to determine how the 
individual differences contribute to effective perceptual decisions. The 
findings will provide information for selecting personnel who may 
perform well in particular contexts and help identify decision-making 
vulnerabilities in Soldiers, with the aim of  providing training targeted 
towards specific perceptual weakness.

H ow people infer the mood, 
emotion, or intent of others 
is called emotion perception. 

Research has revealed marked variability 
in people’s emotion perception abilities. 
This variability is a function two factors. 
One factor is uncertainty and risk in the 
environment, inherent to perception. Per-
ceivers cannot be certain about what they 
are seeing; for example, a scowling facial 
expression can indicate anger or concen-
tration. Furthermore, errors of judgment 
may be costly; for example, anger and 
concentration should be responded to 
diff erently. A second factor is individual 
diff erences internal to perceivers, such 
as physical and psychological states and 
traits. This study examines how these 
factors interact to predict people’s emo-
tion perception abilities.

The objective of this research is to 
characterize individual diff erences that 
infl uence perceivers’ abilities to opti-
mally adapt their perceptual decisions 
to changing levels of environmental 
uncertainty and risk, in the context of 
stress. The study focuses on social threat 
detection (i.e., perception of anger from 
facial expressions) as a perceptual deci-
sion. The objective is implemented via 
three specifi c aims. Aim 1 is to identify 
factors that infl uence the optimality of 
social threat detection. We hypothesize 

that physiological and psychological 
factors infl uence people’s ability to make 
eff ective perceptual decisions. Some of 
these factors may be state-like, such as 
current anxiety or mood. Others may be 
trait-like, such as physiological response 
to stress, personality traits, and charac-
teristics of executive function. The goal 
of Aim 1 is to quantify how high or low 
“levels” of such individual diff erences 
aid or interfere with optimal detection, in 
environments characterized by perceptual 
uncertainty and behavioral risk. 

Aim 2 is to determine the computational 
mechanisms by which the individual 
diff erence factors exert their infl uence. 
We hypothesize that physiological and 
psychological factors aff ect detection 
by infl uencing the accuracy with which 
the brain “estimates” three underlying 
environmental parameters that character-
ize risk and uncertainty (Figure 1). The 
goal of Aim 2 is to quantify associations 
between individual diff erence factors and 
ability, or lack thereof, to adapt to chang-
es in the three environmental parameters. 

Aim 3 is to use central neurophysiologi-
cal recordings (electroencephalography, 
EEG) to identify brain-activity correlates 
of decision optimization. We hypothe-
size that specifi c event related potentials 
(ERPs) and oscillatory patterns will be 

useful neurophysiological markers for 
diff erent aspects of detection perfor-
mance. The goal of Aim 3 is to begin 
linking neural mechanisms of optimal de-
tection with computational mechanisms 
specifi ed by our model. 

Research Approach

U sing a utility-based signal detec-
tion model of decision making, 
this study examines how indi-

vidual perceiver diff erences contribute 
to diff erences in the perception of anger, 
under conditions of changing environ-
mental uncertainty and risk. We opera-
tionalize risk and uncertainty in decision 
making using signal detection theory’s 
three environmental parameters (Figure 
1): perceptual similarity of targets (angry 
faces) and foils (not-angry face), relative 
base rate of targets vs. foils, and payoff s 
accrued for correct and incorrect re-
sponse to targets and foils. A mathemati-
cal model of signal detection uses values 
of the three parameters to predict how 
perceivers should categorize the faces in 
order to maximize net benefi ts accrued 
over a series of detection decisions. We 
also measure a number of individual 
diff erences across three domains of psy-
chological function: aff ective reactivity 
(physiological response to social stress, 
induced as part of the study), executive 
function, and motivation. 

Accomplishments

W e have completed data 
collection. Preliminary results 
indicate that individual  

diff erences do affect accurate perception 
of emotion, as predicted. Important 
individual diff erences include, for 
example, the pattern of one’s 
psychophysiological (e.g., cardio-
vascular) response to stress, working 
memory capacity, self-awareness of 
mistakes, and sensitivity to rewards and 
punishments. 
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People whose cardiovascular response 
indicates that they evaluate our social 
stress induction (a public speaking task) 
as a challenge (diffi  cult, but within their 
capacity to meet) rather than as a threat 
(diffi  cult, and perhaps too diffi  cult to 
complete successfully) appear to be bet-
ter at judging when someone else is an-
gry at them. Likewise, people with higher 
working memory capacity (a measure of 
a person’s ability to focus on elements 
important to the task at hand, despite 
irrelevant distractions), and people with 
greater self-awareness of their mistakes 
(in the absence of feedback about correct 
vs. incorrect behavior) appear to be better 
at judging when someone is angry than 
people with  lower working memory and 
self-awareness. These factors appear to 
be particularly important when perceptu-
al uncertainty is high (when it is diffi  cult 
to discriminate the cues indicating when 
someone is angry or not). For exam-
ple, under high perceptual uncertainty, 
working memory capacity appears to be 
an important determinant of a perceiver’s 
ability to adapt his or her decision mak-
ing to the benefi ts and costs incurred by 
correct vs. incorrect detection decisions.

Preliminary results also indicate that a 
person’s sensitivity to rewards and pun-
ishment also infl uences their social threat 
detection. People who are overly-sensi-
tive to either the benefi ts of correct re-
sponse or the costs of incorrect response 
exhibit worse emotion perception than 
those who are less sensitive.  

Furthermore, in detection tasks in gen-
eral, including social threat detection, 
perceivers can commit two kinds of mis-
takes: false alarm responses and missed 
detection responses. Our experimental 
design appears well suited to discrimi-
nating sensitivity to these two types of 
mistakes as an individual diff erence, and 
we are excited to develop this line of 
analysis.

Contributions to 
Basic Research

T his research uses individual 
diff erence measures to understand 
the psychology of eff ective signal 

detection. We ask, “What characteristics 
and abilities make a person good (or 

poor) at such a task?” The individual 
diff erences we evaluate include phys-
iological, aff ective, personality and 
temperament, and cognitive factors. We 
examine links between these factors and 
perceivers’ abilities to optimally adapt 
their perception to changing environmen-
tal uncertainty and risk. Specifi cally, we 
seek to discover associations between 
individual diff erence factors and ability, 
or lack thereof, to adapt to changes in 
similarity of targets and foils, base rate, 
and payoff s (the three signal parameters), 
which operationalize risk and uncertainty 
in perceptual decision making.

Perceivers’ ability to discriminate similar 
but alternative response options is an 
important aspect of decision making, 
measured as perceptual sensitivity. Per-
ceivers’ ability to optimize their detection 
decisions to environmental conditions as 
well as to their own perceptual sensitivity 
is an additional important component 
of eff ective decision making, measured 
as response bias. Preliminary analyses 
indicate that physiological response to 
stress, working memory capacity, meta-
cognition, reward/punishment sensitivity, 
and personality traits aff ect social threat 

Threats in the world can be described by objective environmental parameters: their perceptual similarity to non-threats, the base rate 
of occurrence, and the payoff s (benefi ts and costs) for correctly or incorrectly recognizing them. To eff ectively recognize threats vs. non-threats, 
the brain must accurately estimate these environmental parameters. These subjective estimates are made through the lens of a perceiver’s indi-

vidual characteristics (e.g., aff ective state, personality traits, etc.). Diff erent characteristics may modulate or moderate the accuracy of subjective 
estimates, and thereby infl uence the optimality of perceptual decisions, measured as bias, sensitivity, and utility. In experiments, we measure 

individual characteristics as independent variables and use performance measures on threat detection tasks as dependent variables. Systematic 
experimental manipulation of the environmental parameters then permits us to infer how individual characteristics infl uence subjective “esti-

mates” of specifi c parameters.
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detection by aff ecting observed sensitivi-
ty and bias measures.

Although we use social threat percep-
tion as an example, with its foundation 
in generalized signal detection theory, 
our framework is appropriate to any 
perceptual decision, including those 
made by non-human agents/reasoning 
systems. Our approach is intended to 
produce a foundation for research that 
can predictively explain, and be used to 
improve, perceptual decision making. For 
example, identifying discrete psycholog-
ical components that contribute to high 
performance under the operational con-
ditions of our task might enable future 
applied research to (a) identify personnel 
well-suited to duties under particular 
operational conditions, or (b) develop 
training aimed at improving performance 
under particular operational conditions.

Potential Army/Military 
Applications

W e will expand fundamental 
knowledge about how people 
perceive threat under chang-

ing conditions of uncertainty and risk. 
We seek to discover general principles of 
perceptual decision making by expand-
ing our current programmatic eff ort to 
develop and evaluate key psychological 
and behavioral theories: signal detection 
theory and behavioral economics. This 
research focuses on understanding how 
internal and external factors interact to 
infl uence perception of a non-verbal cue 
(facial actions), using novel but theo-
retically well-grounded computational 
modeling approaches and performance 
measures. Potential applied future ap-
plications of the work therefore include: 
(a) characterization of the knowledge,
skills, and abilities supporting leadership
perception and awareness and interpre-
tation of a variety of social cues, (b)
development of interventions to enhance
understanding of non-verbal cues, (c)
development of measures to quantify in-
dividual diff erences in self and social/sit-

uational knowledge and abilities, and (d) 
development of  training and assessment 
tools and techniques oriented to individu-
al strategies in self and social/situational 
awareness. Army relevance includes:

• Identifying social perception
capabilities that will inform leader
development. Emotion perception is
a component of eff ective leadership
because leaders must foster cooper-
ation with a variety of partners and
appropriately read and infl uence a
variety of stakeholders. This research
will increase understanding of how
nonverbal cues (e.g., facial expres-
sions) and the risk and uncertainty
inherent to perceptual decisions
infl uence a perceiver’s judgment
about the mental states of others, in
light of individual diff erences in per-
ceiver aff ective reactivity, executive
function, and motivation.

• More broadly, selecting personnel
who perform well in particular
contexts of decision risk and uncer-
tainty. Eff ective perceptual decision
making, whether in the realm of
emotion, in social or physical threat
perception, or in target detection and
identifi cation in the broadest sense,
is critical to Soldiers and Offi  cers
alike. This research will increase
understanding of how individual
factors (e.g., aff ect and motivation,
personality, executive function in-
cluding self-awareness, and appraisal
of stress/anxiety) aff ect people’s
ability to calibrate perceptions of the
environment to appropriate action on
those perceptions.

• Identifying decision-making vul-
nerabilities in individual Soldiers
with the aim of providing tailored
training. Where low performance can
be traced to an idiographic psycho-
logical state (e.g., enhanced aff ective
reactivity) or trait (e.g., poor work-
ing memory capacity) or to a source
of environmental risk/uncertainty
(e.g., poor sensitivity to changing
base rates of threat), our approach

may be adapted to enhancing Sol-
diers’ individual perceptual-decision 
abilities. Our utility-based signal 
detection model may prove to be 
an effi  cient method of performance 
evaluation, not only in emotion 
perception, but more generally in 
any perceptual decision made under 
uncertainty and risk. Our results may 
lead to novel training programs, tai-
lored to the skills and experience of 
the Soldier population being trained 
or to perceptual decision-making 
strengths and weaknesses of indi-
vidual Soldiers, as revealed by our 
performance evaluation methods.

Additionally, our mathematical model 
of perceptual decision making and our 
experimental design are readily gener-
alizable to domains other than mental 
state attribution due to their foundation 
in a utility-based signal detection theory. 
Generalization of our framework to other 
domains, therefore, off ers an additional 
avenue for future research and applica-
tion. 

Future Plans

As this research continues to 
show promising results, we can 
foresee Army relevant follow-

on research programs; for example: 
transition to the Advanced Technology 
Development Program, creation of an 
individualized “whole-person” profi le of 
social perception under uncertainty and 
risk, and tailored training to strengthen 
“parameter estimation” weaknesses. For 
example:

• Development of training and assess-
ment tools and techniques oriented
to individual strategies in self and
social/situational awareness.

• Identifi cation of abilities relevant
to Soldier and O  ffi cer performance
not assessed by the Armed Services
Vocational Aptitude Battery and
existing standardized cognitive
tests–specifi cally the ability to adapt
perceptual decision making to dy-
namic environments.



76

Basic research could be extended to 
domains outside emotion perception and 
generalization of our framework extend-
ed to new domains of decision making, 
for example:

• Do perceivers who perform well or
poorly at this emotion perception
task perform similarly on other un-
certain, risky decisions?

• Do the same individual diff erenc-
es predict performance in other
domains?
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Depiction of a trial in a continuous fl ash 
suppression experiment.
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American Soldiers in contemporary combat or security situations face 
the vexing challenge of  immediately identifying a threat when it is 
present, of  determining whether another individual is friend or foe, 
and of  determining quickly and efficiently whom they should trust 
and whom they should avoid. Research on affective realism allows us 
to explore (and eventually control for) the effect that gut feelings and 
quick judgments have upon events.

F ood is delicious or distasteful. 
Paintings are beautiful or ugly. 
People are nice or mean. Our 

perception is naturally infused with “af-
fective meaning”–our good and bad gut 
feelings about the world around us.

The word “aff ect” comes from the 
English word meaning “to change” 
and objects in the world are said to be 
“positive” or “negative” by virtue of their 
capacity to shift and infl uence a person’s 
gut reactions. We believe something is 
true about a person or an object in the 
world because we feel it, and gut feelings 
are used as evidence for our beliefs, a 
construct we call “aff ective realism.”

Can gut feelings help to explain how 
a foe is mistaken for a friend, as 

when two American Soldiers were 
deliberately shot dead in Nineveh 

province by an Iraqi insurgent 
infi ltrator whom the Soldiers 

believed was a trustworthy ally?

Soldiers must make quick decisions 
about other people, whether they are 
embedded in a unit during wartime, on 
a peacekeeping mission, negotiating in a 
cross-cultural setting, or collaborating 
with unit members on a stateside base. 
Good leaders must not only harness their 
own aff ective reactions as a source of 
wisdom, but they must also teach their 
subordinates to do the same.  Making 
a quick judgment of somebody else’s 

harmfulness, trustworthiness, or com-
petence in such settings is not a trivial 
example of person perception. These 
judgments have consequences for a 
Soldier’s future mindset and actions, and 
often for other people’s lives. 

Research Approach

T o study aff ective realism, we use
a method called “continuous fl ash
suppression.” While sitting at a

computer screen, a participant puts his or 
her head into a visual apparatus similar to 

one used at the eye doctor’s offi  ce called 
a mirror stereoscope. Using the mirrors, 
we are able to present a diff erent image 
to each eye. We fl ash changing visual 
images (including a neutral face) to the 
participant’s dominant eye and to the oth-
er eye we present a static (but evocative) 
image (see Figure 1 for a depiction of a 
trial in the continuous fl ash suppression 
experiment). Research has found that 
people only consciously see the fl ashing 
dynamic images; the static image remains 
unseen, suppressed from conscious 
awareness. Yet when the “unseen” image 
is negative, it changes the participant’s 
gut feeling in a negative way, leading 
him or her to make harsh judgments of 
the consciously “seen” images (e.g., 
a neutral face will be judged as less 
trustworthy and competent).  When the 
“unseen” image is positive, it changes the 
participant’s gut feeling in a positive way, 
leading them to make lenient judgments 
of the consciously “seen” images (e.g., 
a neutral face will be judged as more 
trustworthy and competent).  

We also built a battery of tests to measure 
individual diff erences in aff ective reac-
tivity, because we wanted to test whether 
people who have stronger gut feelings ex-
perience stronger aff ective realism.  This 
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battery includes a variety of self-report 
measurements, plus fi ve diff erent exper-
imental tasks (such as viewing evocative 
images, performing stressful tasks, and 
testing sensitivity to bodily changes).  All 
the while, we are recording physical sig-
nals from the participant (including infor-
mation about respiration depth and rate, 
heartbeats, total peripheral resistance, 
blood pressure, electrodermal activity, 
and facial muscle movements that cannot 
necessarily be seen with the naked eye.  
The battery takes 3.5 hours to complete, 
but our goal is to make it more effi  cient 
so that it can be used to assess individ-
ual diff erences in aff ective reactivity in 
research and applied settings. 

Accomplishments

W e have conducted nine affec-
tive realism  experiments and 
have collected data from 260  

individuals in our battery measuring 
individual differences in affective 
reactivity (with physiological 
measurements).  

The first six studies were aimed at 
understanding the mechanisms 
underlying affective realism. We learned 
that affective realism changes how 
people feel (their affect) as well as their 
heart rate, breathing, sweat gland 
activity, etc. (i.e., it changes the 
activation in their autonomic nervous 
system).  We also learned that affective 
realism actually changes what people see 
(i.e., their perceptions).  And finally, we 
learned that affective realism occurs in 
the moment of experience and perception 
(it does not carry over from moment to 
moment). 

The second set of studies explored how 
generalizable affective realism is.  All of 
our studies, to date, had demonstrated 
affective realism by showing that a

 perceiver’s affect influence social 
perception.  In this series of studies, we 
demonstrated that affective realism 
influences judgments with real-world 
consequences, like guilt/innocence.  We 
showed that affective realism is powerful 
enough to change a perceiver’s 
experience of an explicitly smiling or 
scowling face.  And we also showed that 
affective realism is enhanced when 
people are viewing unfamiliar faces from 
another culture. 

Contributions to 
Basic Research

T his research has broad theoreti-
cal signifi cance. First, our work 
demonstrates that all of us are 

active perceivers.  We don’t passively 
detect information in the world—we ac-
tively construct perceptions of the world.  
We are the architects of our own experi-
ence.  As perceivers, we do not come to 
know the world through only our external 
senses–we see the world differently when 
we feel pleasant or unpleasant. In par-
ticular, our work is moving beyond just 
demonstrating this effect to examining its 
mechanisms, boundary conditions, and 
applications.  

Second, we will eventually be able to 
measure and model individual differences 
in affective realism based on whether 
someone is prone to frequent and strong 
changes in affect (affective reactivity) and 
the ability to perceive changes in body 
state (interoceptive sensitivity). For 
example, individuals with intense 
affective reactivity may literally see the 
world differently. A person whose 
perceptions are affectively infused might 
experience a very different world than 
someone with less affective infusion. It is 
very possible that certain types of life 
experience (e.g., protracted engagement in 
combat with few breaks, prolonged threat 
of social evaluation, sleep  deprivation, 

consistent social support, cultivating unit 
cohesiveness, etc.) can wire the brain to 
see things that precipitate (or protect 
against) psychological distress, making 
certain people more susceptible to (or 
more resilient to) a host of interpersonal 
difficulties and illnesses. 

Fourth, our ongoing research suggests that 
that there is a role for affect in the 
conviction with which people hold their 
beliefs. Affective realism lends a sense of 
validity and force to people’s attitudes 
and beliefs about others and provides 
a sense that what they know is right or 
correct. As such, we hope our ongoing 
research will set the stage for future 
studies on how affect contributes to con- 
fidence in beliefs about political topics, 
world-view and religious faith, providing 
another avenue for exploring the ease and 
effectiveness with which people interact 
with others who do not share their own 
views. In this way, the present research 
has implications for understanding the 
role of affect in cross-cultural negotiation 
and conflict resolution. 

Finally, these studies provide an excellent 
behavioral platform for studying the 
location and timing of the neural 
processes that underlie the role of the 
perceiver’s affective state in affective 
realism; this would be a topic of future 
research.  In fact, we have been 
developing a brain-based model to explain 
how the brain creates affective realism 
and why it can be such a potent force in 
determining perception and behavior.

Potential Army/Military 
Applications

E xploring the infl uence of feelings 
on vision is highly relevant to the 
Army. American Soldiers in con-

temporary combat or security situations 
face the vexing challenge of immediately 
identifying a threat when it is present, of 
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determining whether another individ-ual 
is friend or foe, and of determining 
quickly and effi ciently whom they 
should trust and whom they should 
avoid. Mis-takes can have dire 
consequences. The human mind 
evolved in a social context, and 
affective feelings reflect properties of 
the mind that attune it to the threats and 
rewards inherent in social living at all 
levels. In these experiments, we are 
largely focusing on fi rst impressions and 
person-perception judgments because 
they are important to the day-to-day 
functioning of Soldiers.

The research will investigate whether 
people with stronger affective reactions 
demonstrate more potent affective 
realism effects. Effectively assessing 
pertinent individual differences, such as 
those relating to affective realism, can 
help the Army to better match a Soldier 
to a particular kind of work or 
determine who will benefi t most from 
affective calibration training (making 
this work also potentially relevant to 
basic research interests to support 
training that increases the ability to 
detect threats quickly and accurately).
The research also has relevance for 
understanding the personal qualities that 
contribute to strong leadership in a 
complex and dynamic interpersonal en-
vironment. Being a good military leader 
means being able to read and infl uence 
the behavior of your troops. Individuals 
who are able to use their gut feelings to 
help them make decisions about 
Soldiers under their command, and to 
avoid this information when it is 
misleading, should be well suited as 
leaders. Good leaders know when their 
own affective reactions are a source of 
wisdom and information—and when 
such feelings might lead them astray. 
The research could also provide a foun-
dation for the development of 
techniques to assess and foster self-
awareness, so that individuals can 
become more aware of when they are 
using their affect to  

make judgments. If individuals are better 
able to detect when feeling is playing a 
role in their perceptions and judgments, 
then they will be able to fl exibly adjust 
their behavior. Aptly calibrating their 
feelings and using feelings as a clue 
(signaling an optimal response) could 
help individuals react more eff ectively in 
given situations and in times of duress or 
peace, be it towards comrades/enemies or 
superiors/subordinates. Such self-aware-
ness will enhance the Soldier’s ability to 
be more fl exible and adaptable in novel 
situations, critical to both the Soldier’s 
and the unit’s survival.

We hope it will also be possible to create 
a training program to teach Soldiers the 
optimal conditions for relying on their 
gut feelings. Such training not only 
has the potential to enhance survival, but 
likely will enhance the chances for 
success in missions that critically rely on 
social interactions, including negotiation, 
training, and the forming of alliances. 

Future Plans

W e hope to eventually extend 
this work to targets from a 
wider variety of racial and 

and cultural backgrounds than those 
explored in the present study (e.g., 
Middle Eastern, Mexican, Chinese). 
These studies will allow us to examine 
whether gut feelings are more or less 
likely to influence the perception of 
diverse targets. 

Additionally, in  we refined our 
individual differences battery to use in a 
follow up grant mapping variability in 
emotional experiences both within and 
across individuals as they occur in the 
context of everyday life, including both 
self-reported emotional experiences and 
measures of bodily activity thought to be 
associated with emotional experience and 
responding (e.g., heart rate, sweat gland 
activity, respiration rate, etc.)

The goals of this follow-on project are to 
identify new biologically-based 
categories of experience, examine 
whether these categories generalize 
across people, and examine whether they 
can improve prediction of changes in 
decision making under experiences of 
heightened or intense emotional 
experience both within and across 
individuals.  

Associated Publications

Kleckner, I. R., Wormwood, J. B., 
 Simmons, W. K., Barrett, L. F., & 
Quigley, K. S. (2015). 
Methodological recommendations 
for a heartbeat detection-based 
measure of interoceptive 
sensitivity. Psychophysiology, 
52(11), 1432-1440.

Wormwood, J. B., Neumann, A. E.,
 Barrett, L. F., & Quigley, K. S. 
(2017). Understanding emotion in 
context: how the Boston marathon 
bombings altered the impact of anger 
on threat perception. Journal of 
Applied Social Psychology, 47, 13-22.


	Blank Page
	Blank Page



