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1. Introduction and Proposed Approach

The primary goal of this cooperative agreement was to address fundamental and
applied questions related to variability in human performance by leveraging the
collective strengths and resources from two complementary teams. Humans vary
greatly in their abilities, with some people better suited for certain tasks than others.
Individuals have their own strengths and weaknesses and can vary in their optimal
performance levels across time, experiences, and situations. Such inter- and
intraindividual variability provides a powerful means to explore fundamental
questions about the nature of cognitive processes and human performance while
offering insights for improving human performance in demanding situations, like
those faced by U.S. Soldiers.

Individual differences are a critical and understudied aspect of task performance.
Cognitive science has typically focused on central tendencies in the search for
mechanisms that generalize across everyone. In doing so, it has often treated
individual variation as something to be overcome rather than understood. However,
analyses of the Airport Scanner dataset—a massive dataset comprising
approximately 4 billion observations of a gaming app, Airport Scanner (The Kedlin
Company, Bellevue, Washington), from more than 15.6 million unique devices (see
Mitroft et al. 2015)—indicate that the impact of individual differences is quite large
and reliable. Moreover, it is precisely these differences that can inform the
assignment of personnel to critical positions and to help optimize intelligent agent
behaviors in their teaming interactions with humans. In this project, we pursued
two research tasks aimed at overcoming several scientific and pragmatic issues
that have hindered the study of individual differences by leveraging previous
collaborative efforts and developing new methodological approaches and
resources.

1.1 Task 1

Understanding how individual differences drive performance requires a large
dataset, which contains the necessary variability and multiple measures of those
differences. No single metric can capture all state (short-term) and trait (long-term)
differences that drive variability between individuals. Moreover, the impact of any
particular metric is highly likely to be small and contingent on its relationship to
other metrics. Without large multidimensional datasets, this question cannot be
addressed and modeled satisfactorily. This sort of data collection has been difficult
to achieve at reasonable cost in budget and schedule, but our collaborative team has
developed and is now optimizing a platform for crowdsourced data collection that



alleviates those concerns. Task 1 was designed to leverage this existing platform
and to tap into a related project that involved gathering individual difference
surveys (e.g., impulsivity, personality, fatigue, attention-deficit/hyperactivity
disorder) and psychophysics data on a large number of participants.

1.2 Task 2

Understanding how individual differences drive performance requires extremely
sensitive metrics. Our work on “touch-and-swipe” methods (see below) suggests
that using this response increases the sensitivity of experiments and the degree to
which they reflect individual differences. In a recent project, we found that using
touch and swipe responses allowed for an extremely clean quantification of an
interaction between short-timescale/state (fatigue) and long-timescale/trait
(conscientiousness) variables, finding that conscientiousness strongly alleviated the
impact of fatigue on participants’ time to swipe. As this response method has been
well-validated with data from approximately 100,000 participants in the Airport
Scanner dataset, and it can be applied to any discrimination task, we proposed to
use it to provide a metric sensitive enough to allow us to model not just the impact
of single metrics but their joint impact on performance.

2. Research Accomplishments

Over the course of this award’s period of performance, the George Washington
University (GWU) and U.S. Army Combat Capabilities Development Command
(DEVCOM) Army Research Laboratory (ARL) research teams worked together to
address both Task 1 and Task 2 goals. This resulted in multiple accomplishments,
including successful completion of all project deliverables, and scientific advances,
which have been reported in numerous knowledge products. These are itemized in
the Appendix. At a high level, this award contributed to 4 manuscripts published or
in process, 4 conference talks, 15 conference poster presentations, and 4 invited
talks. Fifteen of these works were jointly authored by GWU and ARL collaborators.
Ongoing efforts that extend from the research results and advances made within
this project will expand these numbers further.

2.1 Deliverables and Notable Advances

2.1.1 Individual Differences Data: Phase 1

As a primary project goal, we designed and executed Phase 1 of a planned
multiphase large-scale data collection effort implemented on the online platform
Prolific (prolific.com). The effort leverages funding from an internal GWU award



and resulted in an initial dataset of more than 1,150 participants. Participants
completed a series of 12 previously validated questionnaires, basic demographic
surveys, and a behavioral task, which together provide a battery of metrics to enable
the assessment of the complex interrelated effects among individual differences.

2.1.2 Theory-Informed Analyses of Individual Differences

Previous analyses of very large (N > 15 million) datasets were extended upon to
explore new approaches to evaluating theory-informed models that capture the
effects of multiple factors which simultaneously affect complex human task
behavior. This decision was made due to the increased data requirements for models
that include multiple variables. Comparisons were made of the fits and parameters
of multifactorial models describing dimensions of task context, participant
experience, and individual differences. Initial results demonstrated that all tested
variables contributed meaningfully to observed performance variation, consistent
with the project’s working hypothesis that human behavior is simultaneously
shaped by multiple factors. Importantly, these results also showed the critical
advantage of using very large datasets in analyses that reflect the high variability
and multidimensionality of real-world human behavior (Siqi-Liu et al. 2024). These
results provide a foundation for theory-driven approaches to develop models that
could improve the current state-of-the-art approaches for the prediction of
individual performance and long-term ability.

2.1.3 Individual Differences Data: Phase 2

As part of the planned multiphase large-scale data collection effort, we designed
and executed Phase 2, inviting only participants who completed Phase 1 to
participate. The Phase 2 effort included a different set of questionnaires than Phase
1 and expanded a complex visual search task with new theoretical and practical
extensions. New capabilities were developed that enabled the collection of data
describing the trajectories of the participants’ mouse movements during their
response. The effort achieved an 87% rate of participant return and resulted in an
augmented Phase 1 dataset with more than 1,000 participants having completed
both Phase 1 and Phase 2. The visual search task augments the capacity for the
complete dataset to interrogate the complex interrelationships among individual
measures in the joint battery across phases with the novel capacity to examine those
relationships in relation to cognitive and motor task performance.

2.1.4 Exploring Cognitive and Motor Aspects of Task Performance

We conducted multiple analyses to explore the relationship between motor and
cognitive processes during task performance. In the task, stimulus objects appeared



on the screen, and the participant was asked to sort the task into one of two
categories. Motor and cognitive components were operationally defined as “touch”
(i.e., from stimulus onset to participant touching the object on the screen) and
“swipe” (i.e., from participant touching the object on the screen to the end of their
moving the object to one of the task goal areas) parts of their total response. It was
found that the touch-and-swipe response decomposition reliably defines separable
contributions to observed task performance. Importantly, while these analyses
examined largely unrelated aspects of the task behavior—the effects of evidence
accumulation and stimulus similarity on visual attention (Grady et al. 2024) and the
effects of pre-error speeding on the temporal dynamics of repeated task
performance (Malykke et al. 2024), respectively—both analyses revealed a
differential sensitivity of models when the motor and cognitive components were
separated as compared to when they were not. In addition, initial analyses of the
Phase 2 visual search task data revealed that participants employed context-
dependent search patterns that could be used to accurately predict errors up to
approximately 500-1000 ms prior to response onset (Siqi-Liu et al. 2025).
Together, these results support the project’s proposal that consideration of motor
response dynamics in human task performance can enhance the sensitivity of model
analyses, including the potential to increase the dimensionality of theory-driven
models to address the challenges of predicting and explaining real-world human
behavioral variation.
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