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1 Introduction

This document provides a broadly accessible overview of the Integrated Cognitive-neuroscience
Architectures for Understanding Sensemaking (ICArUS) Phase 1 challenge problem. The pages
include screen shots (denoted by black rectangles) from the ICArUS Phase 1 Test and Evaluation
(T&E) Graphical User Interface (GUI), including the tutorial that participants viewed before and
during experiments.

This document is not meant to stand alone. For a detailed description of the ICArUS Phase 1
challenge problem, please refer to the following document:

Burns, K., Greenwald, H., & Fine, M. (2014). ICArUS Phase 1 Challenge Problem Design
and Test Specification. MITRE Technical Report, MTR140410.

More information about materials developed for Phase 1 T&E is available in the following
document:

Burns, K., Fine, M., Bonaceto, C., & Oertel, C. (2014). Integrated Cognitive-neuroscience
Architectures for Understanding Sensemaking (ICArUS): Overview of Test and Evaluation

Materials. MITRE Technical Report, MTR140409.

These documents are available at: http://www.mitre.org/publications.

For reference purposes, Table 2 from the Phase 1 Challenge Problem Design and Test
Specification is reproduced below. This table outlines the 6 tasks (also known as “missions”)
that comprise the primary Phase 1 challenge problem. An additional Task 7, outlined in Section
9 below, is described in Appendix A of the Phase 1 Challenge Problem Design and Test
Specification.

In general, tasks of the Phase 1 challenge problem require predicting which of several enemy
groups is most likely to attack a given location, or which of several locations a group will most
likely attack. Tasks 1-3 require statistical learning, as evidence is accumulated over time from
reports of individual attacks. Tasks 4-6 require integrating various layers of intelligence, as
evidence about a single attack is provided by multiple independent sources coincident in time.
Task 7 combines aspects of earlier tasks while introducing a notion of self-initiated
sensemaking.

All materials used in human experiments were approved by MITRE’s Institutional Review Board
prior to use.


http://www.mitre.org/publications

Task

Description

Learning two groups. [10 blocks of 10 trials]. Attacks by two groups (A, B) are generated (SIGACTS), one on each
trial, by two normal distributions — each with a different base rate, center location, and dispersion. On the last trial
of each block the subject is shown an attack location and asked to predict the probability of attack by each group,
{A%, B%}. The subject then makes a forced choice (A or B), to allocate resources against the attack. At the end of
the trial the subject sees ground truth (A or B) at the attack location and he reports surprise (on a 7-point Likert
scale).

Learning four groups. [5 blocks of 20 trials]. Unlike Task 1, there are four different groups (A, B, C, and D). Also,
before reporting {A%, B%, C%, D%}, the subject is required to draw four circles — each representing the “two-to-one
boundary” for a group (i.e., attack by the group is twice as likely inside the circle compared to outside the circle).
After reporting the probabilities {A%, B%, C%, D%} and making a forced choice in allocating resources against one
group, the subject is shown ground truth (A, B, C, or D) at the attack location and he reports surprise.

Finding centers. [5 blocks of 20 trials]. Unlike Task 2, the task is to find group centers along roads “as the cow
walks” (rather than "as the crow flies"). After each block of trials, the subject clicks four points A, B, C, and D on the
roads — each representing the “center of gravity” for a group (i.e., maximum likelihood location for a group’s
center, given the group’s attacks). The subject then reports {A%, B%, C%, D%} at the attack location. After reporting
the probabilities and making a forced choice in allocating resources, the subject is shown ground truth (A, B, C, or
D) at the attack location and he reports surprise.

Scoping attacks. [10 trials, 2 stages per trial]. Unlike Task 3, the subject is given the center (from HUMINT) for one
group, along with four possible locations 1, 2, 3, and 4 of attack by that group. In stage 1, the subject is required to
estimate the probability of attack at each location based on a normal distance decay function along roads. In stage
2, the subject is given the regional boundaries for groups (SOCINT), along with the inside/outside region attack
likelihoods from PROBS. The subject is required to aggregate the prior (HUMINT) and SOCINT probabilities. The
subject allocates resources in percentages (not a forced choice) across the sites, and is shown ground truth (1, 2, 3,
or 4). The subject reports surprise after observing ground truth.

Fusing layers. [10 trials, 4 stages per trial]. Unlike Task 4, the subject is given an attack location (SIGACT) along with
group centers (HUMINT) for four groups (A, B, C, D). The subject is also given the probabilities of attack by each
group {A%, B%, C%, D%}, based on the HUMINT distance function. The subject is then given four more INTS (IMINT,
MOVINT, SIGINT, SOCINT), one at a time, along with the likelihoods (from PROBS) for features of INTS. At each
stage the subject updates probabilities {A%, B%, C%, D%}. After the last stage the subject allocates resources in
percentages {A%, B%, C%, D%} against the groups. At the end of the trial the subject is shown ground truth and he
reports surprise.

Choosing layers. [10 trials, 3 stages per trial]. Much like Task 5, except the subject decides which layer of INT
(IMINT, MOVINT, SIGINT, or SOCINT) to receive on each of three stages, after receiving the initial HUMINT. The
criterion for each choice is to maximize the expected amount of useful information to be gained from the choice of
an INT.
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2 Mission 1

Learning two groups. [10 blocks of 10 trials]. Attacks by two groups (A, B) are generated
(SIGACTS), one on each trial, by two normal distributions — each with a different base rate,
center location, and dispersion. On the last trial of each block the subject is shown an attack
location and asked to predict the probability of attack by each group, {A%, B%}. The subject
then makes a forced choice (A or B), to allocate resources against the attack. At the end of the
trial the subject sees ground truth (A or B) at the attack location and he reports surprise (on a 7-
point Likert scale).
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3 Mission 2

Learning four groups. [5 blocks of 20 trials]. Unlike Task 1, there are four different groups (A, B,
C, and D). Also, before reporting {A%, B%, C%, D%}, the subject is required to draw four circles —
each representing the “two-to-one boundary” for a group (i.e., attack by the group is twice as
likely inside the circle compared to outside the circle). After reporting the probabilities {A%, B%,
C%, D%} and making a forced choice in allocating resources against one group, the subject is
shown ground truth (A, B, C, or D) at the attack location and he reports surprise.
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4 Mission 3

Finding centers. [5 blocks of 20 trials]. Unlike Task 2, the task is to find group centers along
roads “as the cow walks” (rather than "as the crow flies"). After each block of trials, the subject
clicks four points A, B, C, and D on the roads — each representing the “center of gravity” for a
group (i.e., maximum likelihood location for a group’s center, given the group’s attacks). The
subject then reports {A%, B%, C%, D%} at the attack location. After reporting the probabilities
and making a forced choice in allocating resources, the subject is shown ground truth (A, B, C,
or D) at the attack location and he reports surprise.
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6 Mission 4

Scoping attacks. [10 trials, 2 stages per trial]. Unlike Task 3, the subject is given the center
(from HUMINT) for one group, along with four possible locations 1, 2, 3, and 4 of attack by that
group. In stage 1, the subject is required to estimate the probability of attack at each location
based on a normal distance decay function along roads. In stage 2, the subject is given the
regional boundaries for groups (SOCINT), along with the inside/outside region attack likelihoods
from PROBS. The subject is required to aggregate the prior (HUMINT) and SOCINT probabilities.
The subject allocates resources in percentages (not a forced choice) across the sites, and is
shown ground truth (1, 2, 3, or 4). The subject reports surprise after observing ground truth.
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7 Mission 5

Fusing layers. [10 trials, 4 stages per trial]. Unlike Task 4, the subject is given an attack location
(SIGACT) along with group centers (HUMINT) for four groups (A, B, C, D). The subject is also
given the probabilities of attack by each group {A%, B%, C%, D%}, based on the HUMINT
distance function. The subject is then given four more INTS (IMINT, MOVINT, SIGINT, SOCINT),
one at a time, along with the likelihoods (from PROBS) for features of INTS. At each stage the
subject updates probabilities {A%, B%, C%, D%}. After the last stage the subject allocates
resources in percentages {A%, B%, C%, D%} against the groups. At the end of the trial the
subject is shown ground truth and he reports surprise.
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8 Mission 6

Choosing layers. [10 trials, 3 stages per trial]. Much like Task 5, except the subject decides
which layer of INT (IMINT, MOVINT, SIGINT, or SOCINT) to receive on each of three stages, after
receiving the initial HUMINT. The criterion for each choice is to maximize the expected amount
of useful information to be gained from the choice of an INT.
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9 Mission7

Self-initiated sensemaking. [15 trials]. Task 7 is a combination, in part, of Tasks 4 and 6, but
with a focus on self-initiated sensemaking. Participants will be given the centers of four groups
(A-D) and four possible attack sites (1-4). As in Task 4, the primary task is to predict the location
of attack and to allocate resources to each location {@1%, @2%, @3%, @4%}. But unlike Task
4, participants will decide if and when to seek additional data, as well as which data (INT) to
seek. See the Phase 1 Challenge Problem Design and Test Specification document for a more
detailed description of Task 7, including a summary of the major structural differences between
Task 7 and Tasks 1-6.
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10 Appendix A: PROBS
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