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ENHANCING IMGITAL SKILLS TRAINING: INTERACTIVE MULTIMEDIA
INSTRUCTION

EXECUTIVE SUMMARY
Research Requirement:

Observations of digital system {raining revealed that instructors primarity utilize
demonstration and practice when training specific diginal system skills, These techniques are
effective ways to traln, but research on skill training has shown that there are many other
techniques that could be used, Furthermore, there are stiategies for etfectively incorporating
many different principles inte skill training. This research product is designed to help digital
gystem instructors understand and employ a strategy for incorporating many different training
principles into their classrooms. :

Procedure:

Principles of learning explain why people learn and retain skills, These prineiples serve
as the basis for training techniques that instructors use in the classroom. Although many
instructors simply choose techniques that they find appealing or effective, some sducational
researchers have developed strategies for ﬁpplymg these teohniques 1 a wiry thit maximizes
training effectiveness.. One such rescarcher is David Merrill who has developed what hie calls 4

task-ceniered stiategy for instruction. His strategy applies five principles of learning, These
principles suggest that training is enhanced when:

¢ Traluing is in the context of real-world tasks

¢ Relevant existing knowledge is activated

+  The tagk is demonstrated

» The student has opportunities to apply new knowieda,e
+  Tagke are integrated inio the student’s job

These pnnezpias were mc{}rpomted into an intoractive multimedia instruction (IME)
package {o train digital skills, ‘That is, skills needed to operate digital systems like those in the
Army Battle Cominand System (ARCS} Concepts were built into storyboards which were than

_ torvgrtad into the multinredia package.

Findings:

The IMLitlustrates how to apply a task-contered strategy for tRalning complex. skills
needed to operate Army digital systems. The learner is involved a sirnofured process that starts
with & worked example and thon progresses through mcmamngly complex examples of the tagk,
As tmimng progresses through increasingly more complex versions of the task, fstructor
guidance is faded away. -In this way, the student’s skill level increases while st fhe same time the
student becomes inereasingly independent of guidance from the instructors. Thsi TMI ingludey
six modules that explain and illusteste this process and provides examples snd additional
rftimedia resourges and scenatios for trainers. _




Utilization and Digsemination of Findings

Instructors and training developers for digital system courses are the primary audisase for
this IML This 1M1 has been presented to digital trainers at Fort Benning, GA. Tnstructions for
using the IMI on a compsuler arc in the disk case and are in a readme file on the Digital Viersatile
Dise (DVD).
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Enhancing Dgital Skills Training: Interacilve Multimedia Instruction

Digital systems are employed for command and control, and these systems zre
increasingly being pushed to lower and Jower echelans. Soldiers currently entering the Arny
can gxpect to operate muliiple digital systems throughout their carcers. Just as in the ¢ivitlan
sector; the Army has found digital systems to be useful for an increasing number of tagks. Asthe
Army procures more and moré digital systems, Soldiers will need 1o beirained to aperat% then,
For this reason, the Army Research Institute {ARI) has pursued a line of rescarch examining the
training and retention of digital system skills {e.g., Bink, Wampler, Goodwin, & Dyer, 2007,
Dyer, et al,, 2000; Goodwin, 2006; Laibrecht, Goodwin, Wantpler, & Dyer, 2007; Tucker, ¢t al,,
2009). The development of this internctive multimedia instruction (IMI) is an effort to capture
the lessons learned through this research in a train-the-tratnsr produet. This pmdum report
describes the basis for the development of the IMT and ways to use the IMI to 1mpmve digital
instruction.

Prior Research on Digital System Training

Sanders (2001} conducted carlier ARI resesrch on the prmmpies of ledming applicable to
the training of digital systems. Principles of learning are the primary detetiminsnts of leaming
aceording to a specific learing theory. Sanders deseribed how principles from three theories of
leaming (behaviorist, cognitive, and constructzvmt} could be applied to erhance the training of
digital skills (see Table 1}. To apply these principles of learning, Sanders described various
training teehnigues that he derived from each pringiple. For exumple, a cognitive principie is
that associating new material with prior knowledge benefits learning. A training technique
derived from this principle is to explain the simalatitios and differences between the andlog and
digital ways of performing a task.

“Sanders used tasks from the Force XX Batile Command Brigade and Below (FBCB2)
syster to illustrate how these princlples could be apphied, but his focus was on Hasting tschniques
derived from various legring principles. He did not present a girategy ot how to integrate thase
trainfag techiiques into the clissroom or provide gméﬁimes on the eircumstances when each
might be most appropriste. Furthermore, his analysls did not take into account current thoories
of ingtructional design which suggest strategies for optimally combining training principles from
all three theories of leaming {e.g., Brimer & Newby, 1993 Merrill, 2002).

Unfortunately different theories of learning do not always agree on how to best train
specific skills, For example, the cognitive approgch says that the instiuctor should orpanize the

muterfal to optimbze assimilation by students, whereas the constructivisi approsch says 1t is better

for students to organize the material in 3 way that is unique to each one, While these thioretical
divides afe perfectly okay from a rescarcher’s perspestive, they are ;}miammaxm for the training
community that needs to know the optimal way to train,




Table 1

Examples of Principles of Learning and Associated Training Technigues from Sanders’ (2001)
Revort _

shaviorist
Reinforcement impacts performance %ystem cues will s6rve a8 a raward when action |
. ' - » isauccessful
Deliberate practice will ensure  strong Identifying critical systém ouay that pmmpt
stimulus-response association specific actions will iclp studeiits to form
_ stimulug-réspolise assotiations
Cogni live "Theory
Encourage students to make connections with Compare analog and drgltal ways of
previously learned material, | performing a tagk
Structure, organize, and sequenice information | Use outlines, summarics, and advance
to facilitate optimal processing organizers to help students assimilate
inforifiation
- . Constructivist Theory
Promote case-based reasoning Incorporate realistic v;gnefttés for digzml
o _ | system usé that require usigque solutions
Use coaching vather than lechire to promote Incorporate adaptive thinking scenarios that
“problem solving by tho students require the student to think about how they
would iantage digital c;ammumeaimns

Regarding the disagreement between the cogrutive and constructivist mmts- of view, it ig
possible that both arc correct, Specifically, it may be good for the instructor to provide
organization of the matérial for nevice leainers but better for advanced learners fo organize the
material for themselves (Clark & Wittrock, 2000). For example, an AR reseaich sffort
exantined modes of instriiction for a digital map interface using two groups of Soldiers: infantey
officer basic course (TOBC) and one station unit training (OSUT) Soldiers (Dyet, Singh, &
Clark, 2005}, The IOBC students had college degrees. and generally a kigher lovel of military
knowledge than the OSUT Soldiers who mostly hiad only completed high school. In this
experiment, JOBC Soldiers did better thart the OSUT Soldiers in an exploratory tralning
condition (constructivist approach to Lrammg) bui hoth groups did equally well in 8 stractared
mode of training with lessons and exercisés {cognitive approach to training}.

'fﬁearie‘s of Instructional Design

Theories of {structional design attempt o provide coherent strategies for fraining
developers that are based on piinciples of learning. The present research adopted Merrill's
{2002) instructional theory and designed the IMI sccording to five kay principles of leaming
(Table2),




Table 2

First Principles of Instruction

| Task Centered Learniing is promoted when leatniers acquire concepts and
| principles in the context of real-world tasks, N
Activation Learning is promotad when learners activate relevant pwkus;
. kxmwk:dge
Demonstration Learning is promoted when learners observe 2 demonstration of
4 the skills to be learned, o -
Application - | Leaming is promoted when learners apply their newly acquired
N | knowl Edge and skill.
Integration Learning is promoted when leamers integrate their new skills into
their job performance.

Merrill (2006) proposed a strategy for applying these principles for the fraining of
complex, real-world tasks. To illustrate his strategy, he compared it fo an information saly
strategy connionly found in & wide variely of courses in which the instructor jusi presents.
material. He found that using an information only approach (what he aléo refers o as level zero
(0) instruction) to iraining complex tasks, resulted In low levels of skill proficiency (Merrill,
20023, Merrill’s strategy consists of three levels of instruction, With each level of instruction
added, according ¢ Merrill, student skilf proficiency will improve Merrill developed this
strafegy by identifving t}m commion slements of other existing instructional strategies.

Metrill (2008) deseribed the first level of his strategy, what he calls level one (1)
instruction, as the addition of démonstration to level zero (0) instruction, According fo Merrdll,
demonstration involves presenting a worked example that shows all or part of a task to be
performed. It goes beyond simple information in that it shows the relevasnt appligation of the
information, Domonstration helps students to understand how to apply their knmwietige in novel
situations,

Level 2 instruction is that which inclades information, demonstration, and application.
When students dre given the opportunity to apply what they have learned to real world tasks,
they are able to confinm that they successfully lesmed from the information and demonstration.
If they have difficulty applylog this knowledge, instructor feedback should help them to impm%
fheir performance on subsequent attestipts. Merrill (2006) recommended that instructors not jast
have students repest the task under the same conditions, but rather stodents ghcmid repeat tnsks
under novel conditions so that their skill can generalize t6o many conditions. '

In level 3 instruction, a task-contered strategy is used along with information,
demonstration, and application. A task-centered sirategy Introduces the leamner to the wholé task
from the beginning. Ofien instructional strategies start by teaching pigces of a complex task
under the sssuimption that the whole task will sverwhelm lcarmers (part-to-whole approuch),
Only after they are taught all the picces, learners are shown how the pleces fit together to make
the whole task. Merrill believes that this approach is actually more complicated from the




leamner’s standpoint because learners cannot assimilate the pisces into theit knowledge base until
they seé how all the par‘tsﬁ fii together.

Merril’s process is u structured approach o training in which the studem is shown &
warked example of a §1mple version of a task and is then given an oppartunity to practice (apply)
what is lcamcd Hthe task § is highly complex, it may be nwosasary to focu:s on parts Uf a task; but
whole task, As ihe Icamm performs pragmssweiy more complex versions of the: task 2 the
instructor should provide progressively less instruction. Each new version of the task should
provide the learner with opportunities to practics previously learned skills and introduce new
skills/task compotents, The goal of this strategy is to enable the student to perform the complex,
real-world task without instructor guidance.

The last twe principles, activation and integration, can enhance all three levels of the
instructional strategy. Activation primes the learner to think about Iiis or her own relevant
knowledge, By retrieving relovant knowledge, leamers encode the new information into existing
cognitive structures. That is, by retrieving knowledge and experience, learners better organize

“and understand new infermation, Sometimes, however, learners may not have prior experience

they can retrieve. One way fo overcome this problem is 1o provide students with & framewdrk in
which to organize the new information.

Finally, providing oppomumtms for students to integrate the new skills on the job will
increase the effoctivesiess of the instructional strategies. In addition (o practicing the skill in the
job, students may integrate the new skill through simple reflection. That is, by thinking about
ways in which they could apply this skill in novel situstions, they can integrate it into their daily.
work activities. Anothet strategy is to require students to publicly demonstrate the skill. Merrill
(2()()6) suggested that this latter strategy can bea powetful métwator as students do not want to
fail in frofit of thelr peers.

Merrill (2006) points out that although the first principles seem obvious, in practice many
domains of training utilizé only one or two of these principles of leaming. Indeed, this is what
was found in prior research investigating digital gystetn training in the Army as described in the
next section.

Principles of Learning Used in Digital System Training hu the Army

To gaifi an tnderstanding of the meihods and training techniques employed in digital
systern traiming in the Army, aperator courses for Maneuver Control System (MCS), All Source
Analysis Systemi (ASAS), Amiy Field Artillery Tactical Data System (AFATDS), amd FRCB2.
were observed tis wall as shorter, familiarization training for FBCB2 and MCS (Leibrecht,
Goodwin, Wampler, & Dyer, 2007; Tucker et 4., 2009).

These on-site observations of digita training have shown that many principles of learning
are not incorpotated into the training of the software interfaces for the Arny’s tactical systems.
The most prevalent activily found in classroom training was guided domonstration. In guided
demonstration, the instructor performed aach slep 4s the students repeated the sleps at their work




stations (Figure 1). This technigue most closely maiches what Merrill (2006) described as a
level 2 training strategy fr which there is both demonsiration and application of the skill,

‘That is not to say that the training lacked elements of the other principles of instruction.
For example, in the FBCB2 courses that were obsarved, instructors froqueiitly related training
tasks to military operations. This might help activate relevant expetienves for some Soldiers and
could provide a framework for inexpsrienced Soldiers to integrate the tasks being trained,

70+
ﬁ{)‘-‘-/‘
& Operatof
- H Ovlaniation
BOTH, 1)

FRECRIENCY {% of Total Blocks)

— e a u w e

Practical Raview Tost . Video

Exercise

INSTRUCTIONAL ACTIVITY
Figure 1. Overall frequency of the seven instructional activities, by type of course (from
Leibrecht, Goodwin, Wampler, & Dyer, 2007).

Lactise

Although the teaining focus is clearly on performing specified tasks within the system
(e.g., troubleshoating, creating and sending messages, navigating, eto.; Bor 4 comploete review of
the tasks teaited in the courses see Leibrecht et al, 2007), the approdch used by the instructors is
not task-cetitered in the way that Merrill (2006) degeribed it for a couple of reasons.

First of ail, it primary mode of instruction, guided demonstrations, the studénts
sirply mirrored the instructors’ actions, The insfructors tarely acted like coachies, trying to got
students to actively apply what they had leamed. Neithor did practical exercises réquire stidents
to solve novel problems, Rather, they were typically repetitions of the instructor-demonstrated.




tagks (Leibrecht, et al., 2007). In Merriil’s (2006) view, with each repetition of a tasgk, the
instructor should introduce more complex versions of the task and coach when needed.

Second, the concept of a complex task in Merrill’s view s inore expansive than
performing single software functions. During a mission, FBCB2 would be uged for planning
routes, tracking vehicle locations, sending digital messages, troubleshooting, and any othier
relevant functions. Thus a truly task-centered instruction by Menill's definition would train each
of these component software fusictions as a part of the larger complex task of using a vehicle-
mounted FBCB2 on » mission, By training tasks separately and out of context, students do m}t
fully understand how these functions might fit within the context of actual missions.

Even in practical sxercises the focus was on what to do rather than how or why. For
example, students would execute multiple software functions during » practical exeroige, but thiey
were told explicitly which tasks to perforin {e.g., write this message and address it to these
people, include this information, and save it in this folder, ete.), Training rarely focused on
issues like how 16 determine what should be included in a message, how lo determine who
should receive the message, or how to determine what type of messags to send.

‘This is not to say that digital skills training is poorly designed or executed in the Army.
In & survey of operational use of FBCB2, for sxaniple, deplayed Soldiers who had completed the
40-hour operator course, used more functions and were more likely o sée funstions as mission
critical than those whe did not reveive this taining (Bink, Wampler, Goodwin, & Dyer, 2007).
Furthermore, it was estitviated that Soldiers who compleied 40 hours or more of formal operator-
training would achieve the same level of proficiency as Soldiers with ning or mors months of
combst experience using FBCB2 but who had no formal training (Bink, et 4L, 2007).

We believe that by using the task-centersd approach of Morrill (2006) o design
classroom instiuction for digital skills, training will increase both the acquisition and transfer of
those skills. To help instructors undersiand how to implement this approach in the classroom,
we developed the “Enhancing Digiral ‘Training” IML”

Developaient 6f the “Enhancing Digital Teaiuing” IMI

The target audience for this multimedia package is trainers and training devslopers of
Anny digital systems. These individuals are typically active duty noncommissioned officers
(NCOs) or ervilian contractors with prior silitary experience and are vsaally subject matter
experts on the digital sysiems they feach, They have ollen taken Army instructor traiiing
courses {e.g., Army Basic Instructor Course; Methods of Instruction Cotrse) which are guneral
train-the-trainercourses, but their training on the spesific methods and techniques used 1o teach
digital skills comos from the other instructors. As noted above, this primerily inchides guided
demonstrations, lectures, and practical exercises.

The gcﬁai of the IMI is fo provide instructors with some tools and techiiques to enhancs
the way they tisin, In most regards, the TMI does not recommend thanges to the gontent of
sourses (Programs of Ingtruction) but rather suggests different methods of training, Instructors
can adopt the techniques presented in this M1 1o train any or all portions ﬁf a contse, Chmf':




appioach for instructors would be to first iry out the new instructional fechnigues on a amall
portion of & course before adopting them more broadly.

The IMI is organized into six main modules. The recommendation is to complete the
miodules in the order in which they appear, but the material is designed so that it canbe
completed in any order. The six modules are summarized in Table 3 and described in more .

detail below,

Table 3

Traini

“How leamnin & and memory work
together

of inforniation processing ﬂwm*y Ways: to imip gmd@ﬂis
avoid informsation overload and to more effectively
encode information based of this theory of mtmwry e
discussed, -

| Digit‘al classroom tratning challenges

and opportunities

This module covers: challmg@a such as varied
expetietios lovels of students, gaining and mainiainitg
student attention, ways to effectiveély ensure student
understanding, and ways to deal with poor systemn

design,

‘Classroom attivities und pringiples to
1nprove learming

This moduia introduces Metrll's First Prmmples of
learning and discusses training techniques that are
associated with those principles. Ttalso explains how
develop iraining using these princinles,

A trajning examiple

This module provides an example off how to app’iy
Morrill's Firet Principles for training o fhe FBCB2
digital syatem.

Resources for the wainer This module provides bricf vignottes amd scenarios and
some multimedia samples that instructors can use o
_— develop iraining
{ Summary and Review

This module is a brief summy “of the n miin pmms;

4 covered In the IMIL

~The “How Leaming and Memory Work "I‘ogezth@r” module looks ai short- and Eong«vtcrm
memory from the standpoint of information processing theory, An explanation of the way in
which information is moved into long-tern storage serves aw the basls for understandiag how to.
improve the reiention of information. Chunking siinilar information togethat £6 overcoms
lirnitations in shoti-term memory capacily is an example of an instructional technigue given in
this moduls of the IMI. This module also explaing how information is encoded in long-term
metnory (by asseciation with existing koowledge). Thus, relating course content to informaticn .
that students already know should help leamers effectively eacode timt informuetion so that it is
more likely 1o remain in longwlerm momory and more likely to be recatled whes needed.




The “Digital Classroom Training Challenges and Opportunities” muodule looks af four
types of challenges faced by instructors and provides guidance on ways to overcome them. The
first challonge type is having students with varied experience levels in the classroom. Varied
experiences discussed both in terms of student performance and peer coaching.

The second challengs type is gaining and maintaining student attention. The IMI covers
ways to configuie the classroom environment to promote attention. H also discugses using
vignettes and role playing sxercises to help students achieve the learning objectives.

The third challenge type is ensuring student understanding, These topics include
technigues for olearly presenting material, the use of worked examples to show students what
right looks like, and the importance of encouraging note taking.

The final challenge type is (}vemoming poor gystem design. Solutions include providing
students with eagy to remember mnsmonics, calling attention to eritical visual prompis or mgnals
in the software, and providing students with take-homo memory joggers.

The “Classsoom Activities and Principles to Improve Learning” module seflocts Merill’s
{2006} first principles of instruction. This module bas two main ssetions. The first is a teview of
the most common classroom teaining techniques (¢.g., lecture, disoussion, videos,
demonstrations, practical exercises, and reviews). Good and bad examples of each techniqne A
presented, and the strengths and weaknosses of sach technique are discussed. The second
section, which is the cote of this module, reviews Merrill’s five first principles. Examples of
several training techniques are presented, snd the insteuctor st judge them as mt}ief good
examples or violations of each principle.

The “A "I‘rammg Example” module goes through an example of how 10 train & complex
FBCBY task usinig a level 3 training steatogy. This example demonsirates how to train a complex
real-world task by building complexity and reducing the amount of jnstrustor guidance, The

“example is a patrol that encounlers several significant svents. Studenis must send chemical,

obstacle, and MOPP reporis and request medical evacuation support, Students are iot only
encouraged to think about how to send messages but also about which mossages to send and why
and what information to Include,

The I"imﬂ W modulg,s are the “Rcs()umés f()i"tkﬁ 'I“rmne moduie an& ﬂm “Summary and
mat trainers can, mmrporate into t.rasmng It ai&o pmwdes aédmoml mmructwn on how £ train
tasks in contekt and-provides vignetice that instrustors can use for trididng various dipital
systeins. The review module focuses pmmanly on the first principles and how to apply them for
training digital systems,

Using the “Enhancing Digital Tralning” IMI
The training approach in this IMI differs from typical digital skills instruction in several

ways, o instrictors will need time to understand how iheso changes will affoct the way they
teach (Table 4 summarizes key differences and implications for instructors).




Table 4

Compuarison of Traditional Training to Training Described in the Enhancing Digital Training

sequence that makes sense
frory the standpomnt of the
system. For example,
menu itoms might be taught
in the order in which they
appeat on a meny,

sequence thut makes sense in

i the context of the real world

task. For example,
messaging and pavigation
tasks may be taught
dynamically based on the
execution of a realsworld
mission.

Time and effort will be
develop scenarios and develop new
lesson plans.

Focus is on demonstiation
and application. Students
primarily repeat the
performances of the
instructor.

Instructors initially provide
rruch guidance. Instractors’
roles as coaches inctease as
students can perform the
tasks independently.

[ Tnstructors have to leam how to

coach rather than tell students how
fo perform tasks.

Studerits may get frustrated that
instrociors will aot jusi tell them
the answer.

Time management will be more
difficult because students will
achieve pbjectives at different
rates,

in the context of combat
operations, but the students
are told what task o
perform and how to
Perform it.

Tasks are often imtrodiced

A realistic context is
provided so that students
st figure out what tasks
need to be performed at
certain times as well as why
the tasks necd o be
performed,

' %tudﬂrsis and THstruetors wnli have

10 be comfortable with tralning
that develops more probleri-
solving skills and less procedural
skills,

Traming objective is on
how to operate

Traming objecti'vc is o how
to employ '

Different assessment fechniques
are needed 10 BHSULE W

objestives arg being met,

First of all, instrictors will huvs to reorgurize course material. Traditionally, raining on
digital systems is organized from the standpoint of system design (e.g., Dyer, et al,, 2000). Far
example, {raining may start off on system starf-up, then mesﬁagmg, thesn navngati@n, ete. When
training in the context of 4 complex reat-world task like & pattol mission, messaging and
navigation training may be mixed together.




Another change will be that students will spend more time leaming through the process
of problein solving. This means that instructors will have less control over the pace at which
students move through the material. Furthermore, supplemental course tisaterials may be needed
for students who are sble to cormiplete additional exercises within the allotted time.

Another challenge for instructors using the Enhancing Digital Training IMI may be
adopting a coaching approach to training rather than the mose traditional “sage™ or “export”
uppmach The goal of 4 coach is to allow studertis to solve problems oh thair own and provide
cues or information when needed. In a more traditional approach, the instructor is an expert who
simply answers the students’ questions, Knowing when io provide information rather than
solving the problem for the students is being a good coach.

Finally, questions about when, how, and why to employ a systéin reflects complex
decision-making processes which often have more than one right answer. This training focuses
on “how to think” rather than “what to think.” Discussion of these topies will make students
aware of the importance of knowing things like commander’s intent and wiit standing operating
procedures,

Although adopting all the training principles and techniques described in this IMI would
mean substantial revision of many digital system cowrses, one approach would be to try & few
techniques af a time, evaluate them and then decide whether to continue using thent, For
techuiques that ifvolve reorganization of course material, it Is recommended to first fry them out
on a small portion of a gourse.

The process in Figure 2 is suggested as a simple way to ovaluate tr*tmm;, phinciples.
Examining these techniques through twa or throe iterations of a conrse should provide an
adequate basis for deciding whether to adopt the tochnique and expand its use throughout the
course or whether to teject the technique. Techniques can be evaluated on differont dimensions
including instructor demands (the time and offort needed to develop and use the techique),
student engagerient, and finally student performance, Evaluations can be based on both
objective (e.g., student questionnaires or exam scores) and subjective indicators (e.g., lnstrictor
impressions, informal student feedback). How thess dimensions are weighted in the final
decision should be up to the instructor. Althongh these techaiques will work for all instructors,
how a given instructor implements any particular techuique can vary. - All instructors have
different strengthé and weaknesses and instructors should imploment these twlmnqwa I Ways
that favor their strongths.
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Fignre 2. Recommended process for evaluating and adopting training principles
described in the IML

We chose the strategy of Mereill (2006) to develop the IMI because we know it to be very
applicable t digital skills training. The five first prisciples are cominoi to many instructional
strategies as well as the principles put forth by Sanders (2001). Mesrill’s level three fustructional
strategy described above is a proven and reasonable way to train coniplex tasks and we beliove it
is well suited for training digital sysier tagks. 1t is our hope that the Erhancing Digital Training
IMI provides instriictors of dightal system courses with a tool 1o fmplement Ehfssﬁ principles and
strategy into their teaching.

il
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