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The Problem

* Army’s vision for 21st Century Soldier Competencies
(ALM)

* Psychomotor skills foundational to full-spectrum
capabilities
* Adaptability & initiative
 Comprehensive fitness
* Tactical & technical competencies.
* Training is costly, limited access and tools
* Need affordable, scalable psychomotor training

* Need tool performance support for psychomotor
domain and GIFT ITS authoring
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Challenges of Intelligent Tutoring

 Army embracing intelligent tutoring for scalable, replicable training
* Making Soldiers full-spectrum capable through the use of psychomotor ITS
* Marksmanship (e.g., Goldberg, Amburn, Brawner & Westphal, 2014)
* Tactical Combat Casualty Care (e.g., Goldberg & Cannon-Bowers, 2015).

* Still costly, time-consuming; Must be affordable, replicable, reusable process

 Solution? ITS Authoring Tools
* Getting better but limited in scale, utility, usability, instructional value GIFTSym 5
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How Are Psychomotor Skills Different?

* “Psychomotor” is not a homogenous label
« Simpler, manual tasks (polishing boots)

* More procedural tasks (loading artillery, performing a precision drill NatUralization
routine) .
. . ArthUlation
* Highly complex psychomotor tasks (landing a CH-47, emergency r\
cricothyrotomy) Precision
* Existing frameworks include: m
i
e Simpson (1972) -- Seven major categories of psychomotor behaviors. w)

e Harrow (1972) — Six functional categories %‘

* Dave (1970): Imitation; Manipulation; Precision; Articulation; and
Naturalization
* Our synthesis of a taxonomy of military-relevant psychomotor skills Psychomotor Domain

Based on Dave (1970)
* Training-relevant characteristics that influence how an authoring tool
would be composed.

* E.g. learning objectives, sequencing, instructional strategies,
remediations, and assessments.



Psychomotor Skill Acquisition

Level
Observing

Imitating

Practicing

Adapting

Definition
Active mental attending of a
physical event.

Attempted copying of a
physical behavior.

Trying a specific physical
activity over and over.

Fine tuning. Making minor
adjustments in the physical
activity in order to perfect it.

Example

The learner watches a more experienced person. Other
mental activity, such as reading may be a part of the
observation process.

The first steps in learning a skill. The learner is
observed and given direction and feedback on
performance. Movement is not automatic or smooth.

The skill is repeated over and over. The entire
sequence is performed repeatedly. Movement is
moving towards becoming automatic and smooth.

The skill is perfected. A mentor or a coach is often
needed to provide an outside perspective on how to
improve or adjust as needed for the situation.

Generalized/Combined Phases of Psychomotor Domain Learning



Authoring Tool Sweet-Spot

* |ITS Authoring Tools: General-Purpose/Special Purpose Tradeoffs
e General-purpose tools provide great deal of leeway
* Tools focused on a specific kind of ITS can be more powerful

* PSTAAT: Authoring tool to encapsulate knowledge to guide authoring
* Instructional design knowledge tailored to iteratively teach/practice/assess skills
* Psychomotor Domain knowledge for guiding design decisions and feedback
e GIFTITS knowledge for authoring, configuration, and sensor application

* Goal: Al-supported authoring for militarily-relevant psychomotor tasks
 Embody (and help authors adhere to) assumptions about the authored product
* Enforce rudimentary instructional principles to achieve intended outcomes
* Provide “sidekick” and “planner” guidance with user-centered performance support
e Streamline ITS development by leveraging templates and semi-automation



Core to Our Approach: An Exemplar ITS

 Suitable ITS Exemplar:

* Exemplar serves as envisioned product of
authoring process facilitated by PSTAAT

* “What would a tool need to look like to
have enabled the development of this
ITS?”

e Benefits

 target outcome to frame the design of
the authoring tool

e illustration for the ITS author to refer to
during development

* incrementally adapt existing ITS (“guided
case adaptation” Bell, 2003)

GIFTSym 5
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eneralized Intelligent Framework for Tutorin

* Government-owned suite of open-source ITS tools, ongoing at ARL

* Includes an authoring process with graphical interface for creating lessons

Course Creator My Research

& GIFT Cloud x
€ C () @ Secure | https//cloud.gifttutoring.org #t y« B B S
% Apps Bills GIFT eXtension EduWorks M-CAM Papers |EEE School Stuff Y Bookmark Manager » Other bookmarks

‘ Larvwirsg ot

" Take a Course Learner Pr Course Creator My Research p & ~username ‘
Rute Phase
L —wiriaintaiabreitubel \ jeesssssassaanes ]
Conversation Tree | i Adaptve Coursefiow 1 | ' Asd Cortent
e H . } A A reate |34 rn nport H
y Course Filter Options: 1ow Al v + Create & Exp & Img o - - —— : + - e
p— oy e P

Example Phase
Acq Cantert

Show message on completion

Check on Leaming Phase (Recal

o

COIN Auto Tutor Session Example

Course Question Bani

GIFT Gateway Module Setup

Excavator Training (demonstratio
version

olln Wa
Hello Worl To continue, you will first need to run a Java component to aliow GIFT to communicate with course-

relevant applications on your computer. Q |

Help & Frequently Asked Questions

Number of questions o show per
concept

Concept Easy Medium v

O s st b 1 s o st ! - Pimase seisct ore o ™o ConEpSs above

Hemorrhage Control Logic Puzzle Tutorial Marksmansl|

© Find & Run the GIFT Gateway ) Click "Run" © Follow the Remaining Steps

Ok "Run” 10 STart the Gateway module Follow the steps presented by the appication 1o
Module File provghbonty

¥ the flle does not downkoad automatically, dick e M amnliivn st i
here
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PSTAAT in GIFT

 Utilize GIFT Course Creator
* Create a PSTAAT course object to be integrated w/GIFT authoring

W ¢ By PsTAAT Example Course J

Psychomatar Doman Instructional Approach

1 s Psychomotor Activity 1 Dave v

, P
: Marksmanship EST :;’E + : ¥ Imitation Phase
e s aess s I SO Set Profile

» Naturakzation Phase

» Zeivity Opions

PSTAAT Agent says

Great, now you can set the profile for
the mitation phase You can choose an

Psychomotor Activity
Promotes the development of =
psychomator task skills with increesing

com plexity and deivers remediaion

besed on learner state sccoarding

sensor readnas and profiles. =l 7 i

existing one or create a new profile.

GIFTSym 5
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Psychomotor: Making sense of sensors

* Utilize existing and envisioned sensor devices mtegrated W/GIFT
* BioHarness
* Emotiv
* Kinect
* Mouse
Multisense
0OS3D
e Qsensor
* SineWave

GIFTSym 5
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Psychomotor: Making sense of sensors

* Simplify by separating

(Psychomotor Profile)

from
(Psychomotor Activity)

* Need to help author map sensors to concepts

* Generalize approach used in exemplar

Sensors: Breathing

Barrel
Movement

Trigger
Squeeze

Sight Picture

Shot Count

Breathing

|
Above/At/Below

Condition .
Expectation

Classes:

Barrel ‘ Trigger ‘

Sight

Picture ‘

Shot Count ‘

I
Abaove/At/Below
Expectation

1
Abaove/At/Below
Expectation

T
Above/At/Below
Expectation

|
Above/At/Below
Expectation

Breathing
Group

Barrel
Group

Trigger
Group

Sight
Picture
Group

Shot Count
Group

Above/A
Expe

\ J

Concepts: Breathing

t/Below
tation

¥

Breathing
Group

y

Above/at/Below
Expegtation

 J '

Above/A

Expegtation

Barrel
Movement

Trigger
Squeeze

A\ J
Trigger
Squeeze
Group

Barrel
Movement
Group

t/Below

Y

Sight

Picture

Above/At/Below
Expedtation

AbovelA
Expe

t/Below
tation

 J

Shot Count

Y

Shot Count
Group

Sight
Picture
Group



Psychomotor Activity Course Object

Sensor A Sensor B [ Sensor C J
' Exit
[-1.1] [-1.1] [‘1*’1] Condition

Psychomotor Activity Course Object |
= o = ; llnstruclional ﬂ
Psychomotor H Actlwty_or Applicable M —| Domain Module \ﬂegm/
Profiles Simulation Strategies

I I
Above/At/Below Above/At/Below }

Expectation Expectation Runs appropriate
Response Content

Concept 1 Concept 2
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Psychomotor Profile

Sensor A Sensor B [ Sensor C ]
Acquired via I
Import, Capture, [-1.1] [-1.1] [-1.1]
or Expert Input *
Psychomotor Profile
Case Logic Model (made by hand or using ML)
A8, - A 5 .
|
at ol Above/At/Below Abovef’AUBelow
/ Expectation Expectation
\ v
Concept 1 Concept 2
GIFTSym 5
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PSTAAT Authoring Agent

Functional Block Diagram

Selects
............... [ N @ Selects Concepts and best
Course | Concepts PSTAAT Agent Dialog Screen (—| GIFT Cloud Ul ~— y instructional approach

Course Object Informs i |
: MR +  Build a Psychomotor Profile r

Coume Ovject a Machine Action Responds " <

: Leaming J/ ) -
Coiee 00 Analysis Select (or import) an existing L

Psychomotor Profile
Pedagogical Pedagogical Modifies
Activity Profile
~ Addresses activity design gaps
1 —  byproviding contentand  1*
| feedback
| " Performs real-time testing of
“—  psychomotor activity with [
content and feedback.
Configure activity behavior |,
mode (practice or test)
13

[

5

>

»

¥ 4

Dialogue Outline for Building Activity

Advises author to select Concepts,
instructional approach for the activity

-
Advises author to selectorbuilda | pgent
Psychomotor Profile for each

instructional phase.

(See Psychomotor Profile Builder)

Auto-populates activity setup/state,
Advises author to address gaps

Advises author of inconsistencies
Makes suggestions/shows examples

Validates activity set up before
allowing save. Provides warnings as
needed.

If validated, saves activity and
generates necessary files to run it

GIFTSym 5
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Authoring Agent w/Machine Learning

. . . R Selects option to build a new !
Train ML model using demonstration cases | . [ || Edbiges autiontn Sek!
. - ‘ import or collect cases
* Author creates Psychomotor Profile “Aumor Selocts optes lo sobact sncs opts
. . Advises author to define
* Selects and calibrates sensors Defines o datiy colection tiogee. e data collection trigger
o Advises author to
H - U tem to d trat |, demonstrate skill
System requests demonstration of activity oo o

. Advises author of gaps in

* Author (or expert) demonstrates activity Inspects execution, sets concept |, data

values. (at, above, below expectation) |

H o Advi thor of

* At specified threshold levels (below, at, above) e Sonieidimibint
. . model "

* Author accepts or rejects each demonstration case J~ Advises author of

| Performs real-time testing of model.

Repeat until ML model can recognize level
System identifies gaps in model

Model can correctly and completely measure performance.

14

Build psychomotor activity for course
(See Psychomotor Activity Builder)

astimated confidence

Descnibe testing data

GIFTSym 5
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Psychomotor Activity Course Object

Author adds a
Psychomotor Activity

" Take a Course Learner Profile Course Creator My Research

£ Course Properties H o % PSTAAT Example Course I

& Course Objects

" = a € information as Text .
] | ‘ course object to a
e | | oeTembes course.

| = 1

- -

ARES Example 1 :

Application ; I

: + :

1 ]

SurveylTest AutoTuter | ] 2 TETmTmEmsmsmsmsmsss=s== ’
Conversation

Conversation | (Question Bankl
Tree

P &

Media Structured
Hewview
. Psycho |
a= sycho
Adaptive maotor i
Courseflow Activity )
Drag objects onto the course flow area
o add them to your course.

] Media

Psychomotor Activity
Promotes the development of

psychomotor task skills with increasing —
complexity and delivers remediation [ i
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Building the Psychomotor Activity

"' Take a Course Learner Profile

£ Course Properties
i Course Objects
L= s | -
PowerPoint Vinual Battle
Space
f A
TC3 DE Testbed
¥ -
ARES Example
Application
Survey/Test AurtoTutor
Conversation
Conversation | |Question Ban
Tree
Media Stuctured
Review
s Psycho
Adapiive maotor
Courseflow ACtWiW
: art
1
£ Media

Psychomotor Activity

Fromotes the development of
psychomotor task skills with increasing
complexity and delivers remediation
based on learner state accordingto .
sensor readings and profiles.

d o % PSTAAT Example Course J

elntormmiun as Text

Example Guidance

. | [} P
1 == Psychomotor Activity

: Marksmanship EST

- . -

an " T
am Marksmanship ES

UUI]CUF)I:, 1o Cover:
Braathing

Trigger Squeeze

Barral Movemant

Sight Pictura

Psychomotor Domain Instructional Approach:

Dave

Dave's model

The Dave model is adequate and
appropriate for most adult training in the
workplace. It consists of 5 phases based
on consciously improving competence in
seqguenced stages. Learn more.

T )

PSTAAT Agent says:

apply and pretty thorough as an
instructional approach for average
learners.

dl

The Dave model is useful for describing
work- and life-related skill development.
. Most designers find it relatively easy to

Author selects
concepts and a
Psychomotor
Domain Instructional
Approach from list.

Agent auto-
generates
corresponding
instructional phases
and learner
guidance from
templates.
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Building the Psychomotor Activity

.
'I' Take a Course

Learner Profile Course Creator My Research

Edit Psychomotor Profile

Profile Name Duplicate Profile | Export Profile | Delete
Marksmanship Imitation Profile
Concepts and Sensors
Breathing Trigger Squeeze Barrel Movement + Import Cases | Collect Cases
Sensor configuration for Breathing Copy Configuration | Delete Concept

Above Expectation

Bicharness Sensor: @ on
Other Sensor A: @) on

Bioharness Sensor: @€ on

Trueif | ALL ¥ are met
At Expectation
Below Expectation
) Bicharmess Sensor:
Trueif = ANY ¥ are met

Other Sensor A

0.0

-0

O

g on
@) on

| Add ! Remove Sensors

Save Changes

Cancel

== Marksmanship ES *

Concepts to cover

Breathing

5 ght Pictura
FPsychomotor Domain Instructional Approach:

Dave's model

¥ Imitation Phase

Marksmanship Imitation Profile L2 Edit

Add Responsas

Shovefitent Files
Show message on completion

@ Preview

» Manipulation Phase
> Precision Phase

» Articulation Phase
- Naturalization Phase

» Activity Options

= Sov Croroes ]
PSTAAT Agent says:

For each concept tab, configure the
. sensor readings for Above, At, and

Cancel

Below Expectation performance levels.

= Sensors can be disabled and their
relationships altered for each
performance level.

For each phase,
Author selects a

Psychomotor Profile
from list to reuse or

edit.

Agent generates
placeholder
instructional
strategies for all
possible learner
performance
scenarios.

GIFTSym 5
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Building the Psychomotor Activity

[ Qv et e Author designs ITS
Add Responses for the Imitation Phase BE \idsmanship EST  # X | N St ru Ctl ona I
strategies for each
e possible

Psychomotor Domain Instructional Approach: p e rfO r m a n Ce
scenario.

At
Expectation

Above
Expectation

Below
Expectation

. Modify Add instructiona Add instructiona
Breathing feedbhack feedback sirateqgy feedback strategy DHVE'S model

¥ Imitation Phase

Marksmanship Imitation Profile L Edit

Modify Add instructiona Add instructional
feedback feedback sirateqy feedback strateqy

Trigger Squeeze
Add Responses

Show Content Files

Barrel Movement Add instructional Add instructiona Add instructiona M o completon A u t h O r h a S O pt i O n to

feedback strateqy feedback strateqy feedback strateqy = Preview |

review ITS behavior

» Precision Phase
> Articulation Phase

» Naturalization Phase fo r e a C h p h a S e by

» Activity Options

PSTAAT Agent says:

Add instructional Add instructiona Add instructiona

S feedback strateqy feedback strategy feedback strategy

Use the chart to add instructional

responses for each level of performance

~ detected during the imitation phase. G | FTsy m 5
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Building a Psychomotor Profile

(g TokeaCourse  LeamerProfile  CourseCreator My Research A u t h or can cre at e a
New Psychomotor Profile new P Sy C h om Ot or
Profile by selecting

riggan Squeeze

“New Profile...”

Sight Picture

+

Marksmanship ES

Profile Name Delete

Marksmanship Imitation Profile

Concepts and Sensors

Import Cases Import existing modeling data. The system will attempt to match to covered concepts.

FPsychomotoMEamain Instructional Approach:

Dave's model

Collect Cases Cuollect data by demonsirating performance expectations.

Manual Entry Manually sef up concepts and sensor associations. o
¥ Imitation Phase

Mew Profile. v Edit

Add Responses

Cancel
Show Content Files
Show message on completicn

@ Preview

» Manipulation Phase
» Precision Phase

> Articulation Phase
» Naturalization Phase

> Activity Options

PSTAAT Agent says:

To create a new psychomeotor profile
. you'll need to provide a unique name,
= then select the best concept and sensor

configuration method for your tutor. G I FTsy m 5
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Building a Psychomotor Profile

-
" Take a Course Learner Profile

Course Creator My Research

New Psychomotor Profile

Profile Name

Concepts and Sensors

Import Cases

Colleci Cases |

Manual =ntry |

Marksmanship Imitation Profile

Import Case Data

Select all of the concepts coverad in the case data:

Braathing

Locate your data file to import:

|_ Browse

Delete

id concepts.

[
an WVIark

oncepts 1o Ccover

Ereathing

Sight Picture
FPsychomotor Domain Instructional Approach:

Dave's model

¥ Imitation Phase
MNew Profile... L Edit

Add Responses

Show Content Files
Show message on completion

= Preview

» Manipulation Phase
> Precision Phase

» Articulation Phase
» Maturalization Phase

» Activity Options

™ sov Crges [T

PSTAAT Agent says:

Let's try to reuse your existing

psychomotor task performance data.

First, tell me what concepis are covered,
= then point me to your data file. I'll guide

you through the next steps and analysis.

Author has option
to import existing
sensor/performance
data.

Agent analyzes the
imported data and
uses ML techniques
to recommend
sensor performance
level thresholds.

GIFTSym 5
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Building a Psychomotor Profile

'.] TakeaCourse  LeamnerProfile  CourseCreator My Research A u t h O r h a S O pt i 0 n
New Psychomotor Profile to co | | ect

__ sensor/performance
data.

Sight Pictura

Profile Name Delete

Markzmanship Imitation Profile

Concepts and Sensors

Import Cases Import existing modeling data. The system will attempt fo match to covered concepis.

FPsychomotor Domain Instructional Approach:

Dave's model

Collect Cases Collect data by demensfrating performance expectafions.

Manua: Entry

¥ Imitation Phase

oo Agent launches ML-

supported process

using GIFT as
experiment station

» Precision Phase
» Articulation Phase

» Naturalization Phase to m e a S u re a n d

» Activity Options
collect performance

= demonstration
Let’ L GIFT t llect

@ 5= ycnomotor task performance dta cases.

= now. I'll guide you through the next steps

s GIFTSym 5
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Building a Psychomotor Profile

(gl Takeacourse  ieamerProfie  CourseCreator  MyResearch A U t h or h aS O pt i on
New Psychomotor Profile T to create a p rOfi I e
manually in an
agent-guided

Sight Picture

Profile Name Delete

Marksmanship Imitation Profile

Concepts and Sensors

Import existing modeling data. The system will attempt to match to covered concepts.
S ] = . . g ? ¢ Psychomaotor Domain Instructional Approach: p ro C e S S .
Collect Cases Collect data by demonstrating performance expectations.
) Y ap P Dave's model
Manual Entnl' | _aa a i " a i

¥ Imitation Phase

Add concepts

Select all of the concepts to be covered in this profile:

Mew Profile... L Edit

Add Responses | AUthOr Sta rtS by

adding concepts to
» Manipulation Phase be Cove red i n the
> Articulation Phase P rofile.

» Maturalization Phase

Ereathing

» Activity Options

™ Sov Crrges [T

PSTAAT Agent says:

Select the concepts that you need to
include in this profile. Once concepts are

= added, | can help you associate sensors. G I FTSym 5
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Building a Psychomotor Profile

'l' Take a Course Learner Profile Course Creator My Research

New Psychomotor Profile

*

larksmanship ES

Profile Name Duplicate Profile | Export | Delete Concepts to cover

Ereathing
Marksmanship Imitation Profile

Concepts and Sensors

Sight Picture

Breathing Trigger Squeeze Barrel Movement + Import Cases | Collect Cases

Psychometor Domain Instructional Approach:

Dave's model

Sensor configuration for Breathing Copy Configuration | Delete Concept

¥ Imitation Phase

| +Add Sensor |

MNew Profile... v Edit

Add Responses

Add Sensors

Select all of the sensors to measure Breathing

Show Content Files

Show message on completion

= BioHarness = Praview

O Emotiv

O Kinect ) )

O MotivationAndExpertiseSurrogates > yanpulation Phase
01 Mouse » Articulation Phase
O MouseAndSeliAssessment » Naturalization Phase
O Multisense

053D » Activity Options

O QSensor

O SelfAssessment

O SineWave

m [ Addto all concepts | [ Cancel |

PSTAAT Agent says:

Each tab represents a concept. Choose
“Add Sensor” to select sensors that
each concept will be using for

assessment.

Agent generates
tabs per concept.

Author can add
more concepts with
ll+” tab,

Author adds
sensor(s) used to
measure
performance in each
concept tab.
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Building a Psychomotor Profile

.,l' TakeaCourse  LearnerProfile  CourseCreator My Research A g e nt i n C O r p O r a t e S
Edit Psychomotor Profile Selected SenSOF(S) in
the concept tab(s).

Trigger Squeeze

:: Marksmanship ES + o

Profile Name Duplicate Profile | Export Profile | Delete

Marksmanship Imitation Profile

Concepts and Sensors FE e

Sight Pictura

Psychomoter Domain Instructional Approach: A u t h O r e nte rS S e n S O r
Dave' del
. thresholds for

: Marksmanzship Imitation Profile v Edit Above’ At’ a n d

Add Responses

Below Expectation

Show message on completion

= Provow ] levels of

Breathing Trigger Squeeze Barral Movement + Import Cases | Collect Cases

Sensor configuration for Breathing Copy Configuration | Delete Concept

Above Expectation

Trueif | ALL v aremet Biohamess Sensor: @) on
Cther Sensor A @) on

At Expectation

Bioharness Sensor: @) on
Q

Below Expectation » Manipulation Phase
_ Bioharness Sensor: 00 | @D on P Precision Phase e rfo rl I l a n C e
Trueif | ANY v are met . » Articulation Phase *
Other Sensor A: 01 | @) on tiorn
» Maturalization Phase

» Activity Options

= e cramges [T Sensors can be
POTAAT Agert ays disabled, added,

For each concept tab, configure the
. sensor readings for Above, At, and

e S removed, combined.

= Sensors can be disabled and their
s e = GIFTSym 5
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PSTAAT Summary

* GIFT, other authoring tools can streamline sim-based ITS development
* Help Army achieve its ALM objectives; more broadly for force-wide readiness
* Limitations of general-purpose tools addressable w/specialized instances of tools

* PSTAAT provides specialized authoring within GIFT authoring framework

* Focusing on specific categories of skills can give tools more knowledge & power
Agent-guided workflow, decision support, and contextual examples provide powerful aid
Streamlines ITS development with templates, reuse, semi-automation
Supports development of simulation-based ITS in the psychomotor domain.
Demonstrates use of exemplar ITS as basis for creating new instances

e Can support diversity of psychomotor skills ITS authoring
* Templated approach provides path for extensions and customizations



Moving forward

e PSTAAT templates, imports, and exports

* Authoring agent uses JSON templates to define concepts, instructional approaches, and
task workflows

» PSTAAT tool imports/exports psychomotor profiles, psychomotor activities, *instructional
strategies

* |Is this (or similar) templated approach of general interest to other GIFT tools?

e PSTAAT ML-supported features

* Existing GIFT psychomotor task performance data sources

* Leveraging existing/future GIFT components
* Reuse is good — harmonization is key

* Can we embed existing course objects in a psychomotor activity’s instructional strategies?
* Would like more visibility of GIFT Cloud roadmap, related components



