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Complex Problem Solving & Decision making 
Tasks

 Complex tasks can be broken into subtasks
 Subtask solutions generates overall solution

 Requires advanced reasoning, thinking, and decision making skills

 Can be problematic for novice learners 
 To Provide personalized and adaptive feedback, our goal is to extend the user 

models in GIFT system.

3

Domain Module User Module Pedagogical Module
DKF Structure

Tasks & Concepts

Performance measure

Assessment

Instructional Strategy

Priority



UrbanSim

4



Our environment: UrbanSim

 UrbanSim is a game-based 
learning environment to teach 
counterinsurgency operations 
to Army training officers. 

 Developed by Institute of 
Creative Technologies, 
University of Southern 
California and U.S. Army 
Research Lab.

 UrbanSim responds to user’s 
actions based on the stories 
created by U.S. Army battalion 
commanders
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Counterinsurgency (COIN) Doctrine

• COIN efforts are directed to a final goal, that is 
• Make Host-nation government stand on its own

• Create institutions necessary to provide governance and support economic development
• Host-nation Governments should have the final responsibility to solve their own problems. 

 The doctrine adopted by US Army to implement COIN operations is 
Clear-Hold-Build (CHB)
 Clear - military forces clear an area of insurgents. 
 Hold - focus on holding the cleared area and preventing further insurgent infiltration. 
 Build - focus on building up the area’s government, police forces, and infrastructure such 

that the local population is able to safeguard the area independently, develop local 
governance, and focus on economic improvement. 
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UrbanSim – Battle Ground

11 Units to 
command

Performanc
e feedback

Reporting 
officers

The Area under operation (AO) , 15 regions, is set 
in the fictional Iraqi city of Al-Hamra', based very 
loosely on the conditions seen in the northern Iraqi 
city of Tal Afar. The AO includes:

Ethnic and religious rivalries among the 
population
Several active insurgent groups
Difficult political environment,
Devastated civil infrastructure
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UrbanSim
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UrbanSim
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Extending the User Model in GIFT

Domain Module (DKF)
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Hierarchical Task Model Structure

 Task model provides a successive, hierarchical breakdown of the primary tasks 
(learning goals) into their component subtasks in the learning environment (LE)

 At the lowest levels of the hierarchy, the tasks are linked to the observable actions in 
the LE. 

Domain 
Specific  Task

Task 1 Task 2 Task n

Subtask 1 Subtask 2 Subtask 3 Subtask n-1 Subtask n

Observable activities in the learning environment
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User Behaviors

 Cognitive skills – linked to user’s observable actions through which they can 
accomplish sub tasks and tasks toward achieving their overall problem solving goals

 Strategies - Conditional – describes when a sub-task or actions (cognitive skills) or 
even a sequence of cognitive skills  should be invoked to work toward a problem 
solving task
 Strategies help the user formulate partial plans or refine an existing plan step (sub goal) to 

more detailed sequence of steps (or skills)

 Metacognitive process – covers goal setting, planning, monitoring, evaluation and 
reflection
 Difficult to track because lot of the thinking related to these activities happens in users’ 

heads
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Proposed Multi-level Hierarchical User Model

User’s performance 
on Learning goals. 

Metacognition Processes

User’s interactions in 
system

Cognitive Strategies

Situational 
Awareness

Tradeoff 
Analysis

Second and Third 
Order Effects

InterpretInformation 
Acquisition

Devise 
Solution 

Approach

Plan 
Execution

Analyze

Cognitive Skills Collected by observing 
user activities in system
(e.g., video, logs, etc.)
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Task Model for UrbanSim
 Actions: users’ observable interaction with UrbanSim 

 UrbanSim permits 43 different actions related to acquiring information in the COIN 
scenario. 

Identify 
Information Interpretation

Solution Construction/
Refinement

Application Devise solution 
approach

Solution Assessment

Evaluate the 
solution

OELE-General 
Tasks

Identify 
critical info

Make logical 
inference 

Apply information 
extracted for 

solution approach 

Analyze 
causal 
graph

View Intel 
reports

UrbanSim 
Specific skills

Read Mission 
Plan, LOE 
and CCIR

Request Trends 
and View 

SIGACT & 
SITREP

Clear and 
Change 
Action 
Matrix

Request 
Causal 
Graph 

Evaluate 
changes in 

Trends

Understand 
Mission Goal

Information 
Seeking/Acquisition

Change 
Commanders 
Indent, LOE 

and add CCIR

Commit 
orders

Request Trends

Execute the 
plan Analyze

Assign units to 
regions and 
assign tasks

Commit 
FRAGOS 

Observable 
behaviors in US
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Learning Measures in UrbanSim 

 Learning Goal: Learn COIN – CHB Doctrine
 LOE - measure of students’ adherence to the Brigade Commander’s intent.
 Clear Insurgents, Build Infrastructure

 Learning Behaviors:
 Skills – e.g. interpret, apply and reasoning
 Strategies – In order to achieve successful COIN doctrine

 CHB Strategy – how well the regions are transferred from clear to hold to build phase. 
 Situational Awareness - ability to identify and interpret key information in AO to develop a 

common operating picture (COP). 
 Trade-off analysis - a measure of decision making for choosing current operations, given limited 

resources such as CERP funds, and units. 
 Second and third-order effects - analyzing and predicting the effects of operations that are 

compatible with a prescribed end goal. 
 Metacognition – Awareness, Goal setting, Planning, Monitoring progress, and Reflecting
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GIFT User Module 

Performance measures
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Performance Metrics in Hierarchical User Model

 In complex environments, users’ perform multiple tasks, therefore, use skills and 
strategies multiple times
 We need to accumulate user’s performance over a period of time; Use two measures:

Competence: Ct = Ct-1   +  f (observable actions) : user’s competence accumulated measure
Trend: T =  f ((Ct − Ct-1),(Ct-1−Ct−2)) : trend measures recent changes in competence

[f  can be min, max, or avg]

0.3
0.4

0.45

0.6
0.5

0.6
0.5

0.4

0 0

0.15
0.2

0.05
0.1

0
-0.1

-0.2
-0.1

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

1 2 3 4 5 6 7 8

COMPETENCE AND TREND 
OVER TIME
Competence Trend

time t  17

+ -

No 
Change -

Performa
nce on

Cognitive 
Skill

Performance on goal 
or sub-goal

+

+

−

−



Competence algorithms in UrbanSim

 Competence on cognitive skills are measured based user’s interaction with 
UrbanSim.
 Ci (Identify) = Ci-1 (identify) + f  (Read mission Plan action, LoE,  CCIR, View Intel Reports) 

 Learning Goal: Learn COIN – CHB Doctrine
 Sub goals: Clear insurgents, improve collision support with local government, improve the 

infrastructure, repair utilities, Improve ISF Military power (MP). 
 Competence (Clear Insurgents) = Avg (MP (insurgent groups))

 MPt = Avg (MP (JAAS), MP (Kurdish Raiders), MP (Shiite Death Squads), MP (Al-Qassas Brigade)
 Competence on learning goals are extracted form log files.
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Examples

 Cognitive skill – Evaluate at Turn number 5. Current C (Evaluate) = 0.7
C (Evaluate)5=  C (Evaluate)4 + f  (Request Trends, Request Population trend analysis, 
request LoE trend analysis, Set LoE Button) 

for actions at turn 5. 
If action in (Request Trends, Request Population trend analysis, request LoE trend analasis, Set LoE
Button) and time > 10 seconds

ActionCounter++; - 5
If performance of LoEs5 != LoEs4 then - Yes

C (Evaluate)5 =  avg (0.7  +  ActionCounter/7 )   - avg (0.7 +  0.714) = 0.707

 Cognitive Strategy – Situational Awareness (SA).   C(SA) = 0.6
 C (SA)5 = C (SA)4 + f  ( Performance in CS and EF, C (identify, Interpret, Apply, Evaluate 

and Devise))
 Performance in CS and EF = 0.6, 0.53 > 0.5 

 C (SA)5 = avg ( 0.6  + avg (0.63, 0.72, 0.5, 0.707, 0.625) =  avg (0.6, 0.634) = 0.617
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Instructional Strategy 

Pedagogical Module
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Instructional Strategy for multi-level user model

Metacognitive 
Processes

Strategies

Cognitive 
Skills

Cognitive 
Skills

Strategies

Cognitive 
Skills

Analyze C and T values of child 
nodes and picks the child node 
that has the least competence 
and a negative or flat trend

If the user’s cognitive skills are 
above threshold then the algorithm 
focuses on the higher-level selected 
strategy for feedback. 

If user requires feedback:
At what level should we provide feedback to user?

What should be the topic of the feedback?
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Implementation of Multi-level user Model in 
UrbanSim
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DKF Authoring Tool 
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Performance Node Status Tool
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• Tool to monitor all performance metrics throughout the simulation
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Feedback:

• The current feedback is based on priority and 
Assessment as displayed(the concept with the least 
priority and least Assessment is chosen for feedback.

• But, when applied to a hierarchical structure has its 
limitations as it cannot be applied across different 
levels of DKF. 

• Hence requirement for a recursive algorithm based on 
competence and trend.



Conclusion

Metacognitiv
e processes

Cognitive 
Strategies

Cognitive Skills

Competence 
and Trend 

for concepts 
across all 

levels

Task Model Learner 
Environment

Recursive 
algorithm 
based on 

competence 
and trend. 

Extended GIFT User 
Model

Multi-Level User Model
Performance Measure Instructional Strategy

 
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Future Work

 How to identify metacognitive processes?
 May require dialog with users & user responses will be used along with strategy 

competence to update metacognitive process competence and trends
 How do we implement this in the GIFT framework?

 Analyze the discussion among participants in each group.
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Thank You
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