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1. Tutorial Objectives 

The purpose of this tutorial is 3-fold: 

Å Familiarize participants with the fundamental principles of adaptive Intelligent Tutoring 

System (ITS) design. 

Å Illustrate how ITS design influences/enables self-regulated learning (SRL). 

Å Discuss the need for standards for authoring of ITS, modeling of learners and experts, 

automated instructional strategies, and methods of analysis for ITS technologies. 

2. Fundamentals of Tutoring 

This section reviews the fundamentals of ITSs. Slide 3 illustrates a typical tutor-user interface 

used by the ITS to deliver content and feedback to the learner, and receive learner input. This 

interface may include a tutor natural language feedback window, which is used by the ITS to 

provide verbal feedback or direction through a virtual human. It usually provides a text feedback 

window, a content presentation window, and a learner response window where the learner 

provides text input in response to ITS directions, questions, or feedback. A running log of the 

conversation or chat window may also be part of the tutor-user interface. 

SFC Paul Ray Smith Simulation & Training Technology Center
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Typical Tutor-User Interface

NL: Natural Language
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Slide 4 illustrates the ñsweet spotò for ITSs, the area where they may be most useful. This is 

within tutoring for complex skills versus simpler tasks. To support SRL, tutors adapt their 

delivery and the challenge level of scenarios to match those of the learner. If there is no adaptive 

change to match the learnerôs needs, then this is simple computer-based training where the 

training is the same for everyone and not adaptive tutoring.  

What is SRL? SRL is learning (acquisition of knowledge or skills) that is guided by 

metacognition (thinking about oneôs thinking), strategic action (planning, monitoring, and 

evaluating personal progress against a standard), and motivation to learn. It takes great 

awareness and discipline to guide your own learning. Expert human tutors are much more 

effective and efficient at guiding learning. Just as expert human tutors guide learners, adaptive 

ITSs may also augment SRL by shaping instructional content and scaffolding support to meet the 

learnerôs needs. The computer-based ITSs must be situationally aware of the learnerôs state and 

the instructional context to be effective guides and support efficient instruction. 

As noted in Slide 4, complex skills may include cognitive tasks where challenging decision-

making and strategic thinking are exercised or affective tasks where interpersonal skills and 

ethical conduct are tested or psychomotor skills where coordination and timing are critical to 

physical tasks (e.g., land navigation) or operating sophisticated systems. ITSs may be used to 

prepare for live training, enhance learning in conjunction with virtual training environments, or 

act as job or decision aids during actual operations. 

SFC Paul Ray Smith Simulation & Training Technology Center
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Intelligent Tutoring Systems 
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Learning Objectives

Facts

Concepts

Adaptive

Procedures

Abstracted

Concepts

Remember Understand Apply Analyze Evaluate Create

Simple

Procedures

When and Where

- Prior preparation to maximize live training/practice

- Enhance learning within virtual training environments

- Intelligent decision-aiding/mentoring on-the-job

Basic Knowledge & Skills

ÅLive (classroom, range) 

ÅComputer-based training

Complex Skills

Intelligent Tutoring Systems

What 

- Cognitive (e.g. complex decision-making, strategic thinking) 

- Affective  (e.g., interpersonal skills, ethical conduct)

- Psychomotor (e.g., operating sophisticated weapons/platforms)  

 

The primary reasons that tutors are limited in their use in education and training (see Slide 5) are 

1) they have insufficient ability to adapt to learner needs and 2) they are expensive to author. It 

takes approximately 200 h of interdisciplinary team labor to make 1 h of coursework for tutoring. 

More adaptive equals more expensive. 
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Limitations of Current ITS

Expensive to author and are insufficiently adaptive* to support highly 

effective and tailored  training experiences across a broad spectrum 

of military  tasks.

*adaptive systems customize themselves automatically in response to users or changes in 

the environment. 

ÅAdaptiveness drives the need for additional 

authoring... more authoring, more 

development time, more cost

ÅAdaptiveness is largely based on knowledge 

of learner performanceé other attributes 

influence learning (e.g., individual 

differences)

ÅITSs have been primarily applied in limited, 

well-defined domainsé  with limited 

application to military tasks

 

Significant evidence exists that computer-based intelligent tutoring systems are just as effective 

as human tutors under certain conditions and generally within more well-defined domains (e.g., 

mathematics, physics) where there is generally one correct answer to a problem. The goal is for 

ITSs to be as effective as expert human tutors under all conditions and domains. The effect sizes 

shown in Slide 6 are baselined against traditional classroom training. The ultimate goal for ITSs 

is to impact learning with effect sizes equivalent to raising average (ñCò) students to experts 

(ñAò students) through tailored instruction and reinforcement of deep learning principles. In 

other words, the goal is to be as effective as or more effective than expert human tutors. 

 

SFC Paul Ray Smith Simulation & Training Technology Center
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Motivation for 

Tutoring Research

Tutoring Methods and Effect Sizesé

2.00 Skilled human tutors (Bloom, 1984) ( ŷ score from 50th to 98th)

1.05 Other tutoring systems ( ŷ median score from 50th to 85th)                 

PACT Geometry Tutor (Anderson, Corbett, Koedinger & Pelletier, 1995)

Atlas-Andes (VanLehn, et al., 2005; Rose, et al, 2001)

Diagnoser- physics (Hunt & Minstrell , 1994)

Sherlock(Lesgold, et al., 1988)

0.80 AutoTutor (20 experiments) (Graesser, et al, 2001-present )

0.79 Skilled human tutors (VanLehn, 2011)

( ŷ median score from 50th percentile to 79th)

0.42 Unskilled human tutors (Cohen, Kulik , & Kulik , 1982)

( ŷ median score from 50th percentile to 66th percentile)

0.00  Baseline - traditional classroom training 

× Adapted from information from Dr. Art Graesser, University of Memphis, and Dr. Beverly Woolf, University of Massachusetts - Amherst.

A

B

C
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Many organizations are feeling the crunch to achieve more with less. While training and 

education remain important to maintaining organizational competency, it may not be practical or 

feasible to achieve and maintain competency in a traditional classroom. One-to-one training 

(Bloom 1984) has been shown (Slide 7) to be more effective than classroom training, but it is not 

practical to have one-to-one tutoring for every person in a large organization. 

SFC Paul Ray Smith Simulation & Training Technology Center
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Need and S&T Opportunity

Need:    A smaller Force requires each Warfighter to have expertise for a greater 

range of skills for complex missions.   Need to achieve expertise faster with fewer 

resources.  

Opportunity: Accelerate development of expertise by developing intelligent 

tutoring systems as effective as human tutors ïwith cost-effective features.

Shift from one-size-fits-all training  Ą affordable, personalized learning.

Enhances mission readiness.  Reduces training cost.  

Intelligent 

Tutoring 

System 

 

So, if we wanted an ideal tutoring system that could adapt to our needs, what would it look like? 

Slide 8 shows a set of salient characteristics for a platinum-level tutor as described by Sottilare 

and Gilbert (2011).  

SFC Paul Ray Smith Simulation & Training Technology Center
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Salient Characteristics of an 

Ideal Tutoring System

Åself -regulated ðsupport learning of individuals and teams (Army requirement) 

Åadaptive ðuse AI to tailor instruction to the learning needs of individuals and teams of 

Soldiers

Åeffective & credible ðas good or better than an expert human tutor

Årelevant ðsupport military training in both ill-defined and well-defined environments

Åaccurate & valid ðuse optimal instructional methods based on empirical results

Åusable ðtailored to different users (trainees, trainers, developers, designersé)

Åaccessible ðservice-oriented, available anywhere 24/7/365 

Åaffordable ðeasy to author, promotes standards and reuse

Åpersistent ðmodels the learning needs of Soldiers across their careers

Bronze 

Tutor

Silver 

Tutor

Gold 

Tutor

Platinum 

Tutor

Sottilare, R. and Gilbert, S. (2011). Considerations for tutoring, cognitive modeling, authoring and interaction design in serious 

games.  Authoring Simulation and Game-based Intelligent Tutoring workshop at the Artificial Intelligence in Education 

Conference (AIED) 2011, Auckland, New Zealand, June 2011. 
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Before we continue in our discussion of tutoring systems, we should examine their fundamental 

elements and processes (Slide 9). Nearly every tutoring system has 4 fundamental elements: a 

learner model, a pedagogical (instructional) model, a domain model, and a communication 

model. The green boxes in the slide below show these fundamental elements as modules versus 

models because they manage processes in addition to modeling the learner, the instruction, the 

domain, and the communication.  

SFC Paul Ray Smith Simulation & Training Technology Center
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Fundamental 
Tutoring Processes

 

ITSs use the processes in Slide 9 to assess the learner and manage instruction. ITSs are defined 

as intelligent software-based agents that guide instruction by observing and interpreting learner 

data (behaviors, physiology, demographics) to classify learner states (e.g., engagement, 

competency, emotions). The ITS uses these states to adapt/tailor instructions to match the 

learnerôs capabilities and needs to optimize learning. Slide 10 shows the interaction between 

tutoring agents, the learner, and the training environment (e.g., simulation, game, presentation). 

SFC Paul Ray Smith Simulation & Training Technology Center
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Intelligent Tutoring System (ITS) 

Defined

Intelligent computer-guided instruction where software-

based agents:

Åobserve and interpret learner data to determine learner states

Åadapt and tailorinstruction to match the learnerôs capabilities and 

needs to optimize effective problem solving and decision-making.
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Finally, the adaptive tutoring learning effect model shown in Slide 11 illustrates the interactive 

loops of the tutoring process. Learner module data/processes are shown in green boxes. 

Pedagogical module data/process are shown in light blue boxes and domain module processes in 

light orange.  

 

SFC Paul Ray Smith Simulation & Training Technology Center
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Updated Adaptive Tutoring 

Learning Effect Model

blue text = offline processes

red text = key tutor decisions

 

 

3. Generalized Intelligent Framework for Tutoring 

Traditionally, ITSs are expensive and time consuming to develop. Additionally, they tend to be 

linked to specific content and are not easily changed. Reuse in tutoring systems is virtually 

nonexistent. The Generalized Intelligent Framework for Tutoring (GIFT) is an open-source, 

domain-independent intelligent tutoring framework (Slide 13). It is intended to provide 

flexibility and the ability to create full tutors with content of the authorôs choice. By being 

domain-independent, it allows for the reuse of materials and a reduction in both the time and 

monetary costs of developing tutoring systems. 
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Generalized Intelligent 
Framework for Tutoring (GIFT)

An S&T effort to develop an open-source tutoring architecture to: 

ïcapture best tutoring practices and support rapid authoring, reuse and 

interoperability of ITSs

ïlower costs and entry skills needed to author ITSs

ïenhance the adaptiveness of ITSs to support self-regulated learning (SRL) 

per the Army Learning Model 

Åontology

Åtools

Åmethods

Åstandards

Åexemplars

Adaptive

Tutoring 

Systems

ÅAdaptive

ÅAffordable

ÅEffective

ÅGritty

ÅFlexible

ÅCollaborative

ÅCritical Thinkers

ÅAutomated Authoring

ÅAutomated Instruction

ÅAccurate Learner Modeling

ÅAccurate Domain Modeling

ÅAnalysis Tools

 

 

The fundamental tutoring processes within GIFT are consistent with the previously described 

components of the tutoring process, which are reviewed in Slide 14. 

SFC Paul Ray Smith Simulation & Training Technology Center

PUBLIC RELEASE ïDISTRIBUTION UNLIMITED 14

Fundamental 
Tutoring Processes

 

As with most ITSs, GIFT has 4 primary modular components: Domain Module, Learner Module, 

Pedagogical Module, and Gateway Module. Additionally, this diagram represents the process 

that occurs with user input to GIFT when the user is interacting with a training application. 

Additional information about these modules and their processes is provided further along in the 

ñGIFT Tutors GIFTò portion of this tutorial. In addition to the 4 primary modules, GIFT also 

provides a sensor module that is used to capture behavioral and physiological data about the 

learner which can then be used to interpret/classify that data into learner states for use by the 

learner module and the pedagogical module as described in the ñAdaptive Tutoring Learning 

Effect Chainò. The interaction of the modules is illustrated in Slide 15. 
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GIFT Modules and Interactions

Sensor

Learner
Domain

(Strategy 

Implementation)

Pedagogical

Gateway

Training 

Application

Domain
(Performance 

Data)

 

The modules in GIFT can be launched manually through the Module Monitor shown in Slide 16. 

The image on the left is the Module Monitor before the modules have been launched. The image 

on the right is the Module Monitor after the modules have been successfully launched. In GIFT 

3.0 and above, it is also possible to launch the modules in one step, which includes the launching 

of the tutor web page.  

SFC Paul Ray Smith Simulation & Training Technology Center

PUBLIC RELEASE ïDISTRIBUTION UNLIMITED 16  

Slide 17 provides a visual of the Admin Tools in the Module Monitor (left) and the GIFT login 

screen on the tutor web page (right). There is also a simple login page that can be used for 

experiments and does not require a password. 
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Within the Admin Tools Tab is a series of authoring tools. The GAT (GIFT Authoring Tool) is a 

new element of GIFT 2014-1-X, as is shown in Slide 18. It provides a user-friendly way for 

authors to create their courses in GIFT. The course selection dashboard is pictured in the current 

slide. Each line represents a current course within GIFT, and the green checkmark indicates that 

it is complete and validated. Courses can be opened by highlighting the name and then clicking 

ñEditò. 

SFC Paul Ray Smith Simulation & Training Technology Center
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GIFT Course Authoring Tool

 

The functionality of the new GAT is demonstrated in Slide 19. The transitions and elements of 

the course are presented on the left side of the screen. Once one of transitions is selected, the 

associated fields to enter content into are displayed on the right side of the screen. Additional 

transitions can be added using the menu on the top left of the page. 
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GIFT Course Authoring Tool

 

Surveys are authored in GIFT through the Survey Authoring System. It provides the ability to 

create questions and surveys. Additionally, it can be programmed such that the surveys are 

automatically graded. 

SFC Paul Ray Smith Simulation & Training Technology Center
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Survey Authoring Tool

 

The next set of slides (pp. 11ï15) provides an animated sequence that explains GIFT in simple 

terms. GIFT has 3 distinct functions. First, it is an authoring capability to develop new ITS 

components and whole tutoring systems. Second, itôs an instructional manager that integrates 

selected tutoring principles and strategies for use in ITSs. Third, itôs an experimental test bed to 

analyze the effectiveness and impact of computer-based tutoring systems components, tools, and 

methods. GIFT is intended to be a community platform for you to contribute to and to help you 

with your research and development.  
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GIFT isé  an Intelligent Tutoring 

System

éan experimental testbed

éan architecture

éa research nexus

éa community platform

é with tools for authoring

é with data extraction/logging

é with interchangeable parts

é as an exit vector for research 

projects

é informed by Advisory Boards
 

GIFT is based on a learner-centric approach and is therefore designed to be consistent with the 

Adaptive Tutoring Learning Effect Chain. In this chain, the learner data informs learner states, 

which then informs instructional strategy. Selection of the appropriate strategy at the correct time 

is expected to lead to learning gains.  

Each of these processes is captured in individual modules of GIFT. For this tutorial, we will go 

though the functions, inputs, and outputs of each GIFT module. Letôs talk about the first one, the 

Domain Module. Although the Domain Module is one module in reality, it is divided into 2 

modules for you to better understand each of its 2 functions: performance assessment and 

strategy implementation. 

The learning effect chain starts by monitoring learner performance and sensor data. Learner 

performance is assessed from data captured in a training application, which is fed into GIFTôs 

Domain Module via the Gateway Module. GIFT processes learner interaction data by comparing 

the Domain Module inputs against designated models of expert performance. In order to keep 

GIFT generic to all training applications, domains are represented as a hierarchical structure of 

ñConceptsò. 
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Sensor

Learner
Domain

(Strategy 

Implementation)

Pedagogical

Gateway

Training 

Application

Domain
(Performance 

Data)

ÅThis tutorial will show you GIFTôs Main Modules and Processes.

ÅThe implementation of GIFT is centered around the Adaptive Tutoring Learning 

Effect Chain (ATLEC).  Each component is intended to inform strategies to influence 

learning gains.

 

For all identified Concepts and Subconcepts, a learner can perform ñat standardò, ñabove 

standardò, or ñbelow standardò, as determined by comparsion of performance to the expert 

model. Outputs from the Domain Module are fed into the Learner Module and contain 

performance states associated with specific concepts represented in the domain representation.  

 

GIFT also uses information collected from sensors to monitor a learnerôs reactive states while 

interacting with a system. The Sensor Module takes in raw sensor data streams as inputs and 

applies filters to convert the data into metrics correlated with cognitive and affective states. This 

filtered data is passed to the Learner Module for inferring affective and cognitive state 

determinations. You wouldnôt use the same instruction for a bored student as an energetic one, 

would you? Sensors may be used to collect data about the learner and determine the learnerôs 

states. Data from the learner may be filtered or unfiltered. 
















































































































