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Simulation Applications in Training

Valerie J. Gawron PhD

The purpose of this document is to give the reader an understanding of: 1) the
role of simulation in a training curriculum, 2) how to measure transfer of training from
the simulator to the real world, and 3) know the types of simulations and simulators that
are being used for training.

1. Role of Simulation in a Training Curriculum

Simulation is a representation of the behavior or characteristics of one system
through the use of another system. A simulator is a machine for simulating
environmental and other conditions for purposes of training or experimentation. Both
simulation and simulators have been used as a part of a training curriculum. A
curriculum is a specified, fixed-course of study. It is comprised of lectures, exercises,
and simulators and is developed through a process shown in Figure 1.
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Figure 1. Curriculum Development Process (Roscoe, Jensen, and Gawron, 1980, p.
179)

The process begins with a needs assessment — what behaviors must be trained
and to what criteria? How will the performance of both the instructor and the student be
evaluated? What are the student selection criteria needed to ensure students pass the
training and finally how is the transfer of training measured? If simulation and/or
simulators are included in the training curriculum, then the curriculum must be designed
to make the best use of these typically high cost assets.
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1.1 Curriculum Evaluation

The complete list of criteria for curriculum evaluation and their definitions are
presented in the accompanying Table 1. The last component of curriculum evaluation is
the use of simulation to design live training exercises. Simulation can identify safety
risks as well as how to schedule events to maximize training efficiency. Independently
Salas, et al. (in press) developed critical considerations for teamwork and collaboration.
These include: cooperation, conflict, coordination, communication, coaching, cognition,
composition, context, and culture. See Table 2 in Salas, et al. (in press) for the
definitions of these critical considerations.

Table 1. Fundamental Human Factors Criteria for Training

Criterion Definition

Completeness | The training must include all components of the system that will be
experienced by the operator. These components consist of control
operation, display symbology and text, all system procedures
performed by the operator, and techniques for exploiting imagery.

Clarity All terminology must be unambiguous. Terms should be easy to
understand.
Conciseness The training must be provided in as few words as possible.

Sentence structure should not include a significant amount of
parenthetical material or appended phrases.

Consistency Throughout the training, the same terminology should be
unanimously used for the same training component. There should
be complete agreement with what has been previously stated in
the training.

Compactness All the training material on a single component should be provided
in a single, short training package. The package should include up
to a few pages of text in the manual and a few relevant classroom
exercises.

Currency The training material must reflect the current state of the system
including:

1. Appearance, placement, labeling, and operation of controls;

2. Wording and meaning of displayed information;

3. Order and actions in procedures; and

4. Application of techniques for exploiting imagery.
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Criterion Definition

Construction The training modules should build on previous modules and

proceed from simple to complex. Further, the presentation should

be highly formatted:

1. Place a figure depicting control next to the description of the
operation of that control;

2. Place a figure presenting a display next to the discussion of the
meaning of the display;

3. Provide procedures in numbered checklists; and

4. Place a figure illustrating the use of an exploitation technique
next to a figure of the same imagery, in the same orientation
but without the use of the technique, and with a text
comparison of the merit of the technique.

Communication | Words used in the training should match the communication skill

level, both written and spoken, of the trainees. It should also

match the trainees’ areas of expertise. For example, drivers

should be expected to know the term “volume control” but not the

term “hard keys.”

Competence After using the training materials in the designated manner, the

trainee should possess the required skills and knowledge to

perform the tasks being trained.

Correctness All material in the curriculum should be correct.

1.2 Performance Evaluation

An important component in the curriculum is determining how well the student
meets the performance criteria (see shaded area in Figure 2). Examples of
performance criteria are presented in Table 2. The criteria are given by segment,
parameter, and target value. There are also five “bins”, 4 through 0, of tolerance around
the target value. All of these are needed to give the student information on how well he
or she must perform each task.
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Figure 2. Performance Criteria and Evaluation (Roscoe, Jensen, and Gawron, 1980, p.

179)
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Table 2. Performance Ciriteria for an Instrument Landing System (ILS) Approach (Bailey, Gawron, and Priest, 1994)

ILS Segment | Parameter Target 4 3 2 1 0
| | Arc Altitude 3,000 feet +50 +100 +150 +200 >200
Tracking | Airspeed 170 KIAS 5 +10 +12.5 +15 >15
DME 14 nm +0.25 +0.50 +1.0 +1.5 >1.5
Il | Localizer | Localizer Centered/0 deg | +0.25 +0.50 +.75 +1.0 >1.5
Intercept | Roll Steering | Centered +0.25 +0.50 .75 +1.0 >1.0
Airspeed 160 VIAS +5.0, - +10.0, - +12.5, - +15.0, - >+15.0, -
Altitude 2,500 feet +50 +100 +150 +200 >200
lll | Localizer | Localizer Centered/0 deg | +0.25 +0.50 +1.0 +1.5 >1.5
Tracking | Roll Steering | Centered/O +0.25 +0.50 +0.75 +1.0 >1.0
Altitude 2,500 feet +50 +100 +150 +200 >200
IV | ILS Localizer Centered +0.25 +0.50 +1.0 +1.5 >1.5
Tracking | Roll Steering | (0 dots) +0.25 +0.50 +0.75 +1.0 >1.0
Glideslope Centered/O +0.25 +1.0 1.5 >1.5
Pitch 0 deg +0.5, - +1.0,-2.0 | _1.0,-25 | +1.0,-3.0 | >+1.0, -
V | Decision | Localizer Centered/O +0.25 +0.50 +1.0 +1.5 >1.5
Height Roll Steering | Centered/0 +0.25 +0.50 +.1.0 +1.5 >1.5
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ILS Segment | Parameter Target 4 3 2 1 0
Glideslope Centered/0 +0.25,-0 | +0.5, - +1.0,-0.5 | +1.5,-1.0 | >+1.5,-1.0
Pitch Centered/O +0.25 +0.50 1.0 15 >1.5
Airspeed 140 KIAS +5.0, - +10.0, - +12.5, - +15.0, - >+15.0, -
Altitude 332 feet +25, -0 +50, -5 +100, -25 | +150,-50 | >+150, -50
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Another form of performance evaluation is an after action review. In this type of
evaluation student performance is not evaluated against quantitative criteria but against
behaviors exhibited during a training exercise and the outcome. An example is given in
Figure 3. In the example, multiple sensors are placed around the area in which a
training exercise is to take place. These sensors collect video data of students during
the training exercise and then are merged immediately after to show a complete video
record of the student’s progress throughout the entire exercise.
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Figure 3. Sarnoff Corporation After Action Support Tool

There are two other aspects of performing to criteria that should be assessed:
workload and Situational Awareness (SA). Workload is the effort expended by the
human operator in accomplishing the imposed performance criteria. There are two
types of workload measures that have been used in simulators: performance and
subjective estimates. For performance measures of workload, there are again two
types. The firstis a stand-alone measure. For this type, it is assumed that as workload
increases, the additional processing requirements degrade performance. An example is
increasing the wind gusts during landing in an aircraft simulator. The second type of
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performance measure of workload is a secondary task measure. For this type of
workload measure, the operator performs the primary task within that task’s
performance criteria and uses any spare attention or capacity to perform a secondary
task; the decrement in performance of secondary task is workload. An example is
maintaining control of the aircraft while manually flying an approach in an aircraft
simulator while responding to Air Traffic Control calls.

Subjective estimates are ratings given by the students of their own workload.
These are easy to administer but may not reflect the true workload. First students may
rate only what they think they have to do, not all of what they have to do. For example,
some student pilots do not monitor fuel levels until the fuel warning light comes on. Fuel
monitoring is a task that must be done but often is not. Second students may rate their
workload low because they do not want to fail the course. High workload tasks, such as
driving on ice, are often trained in a simulator for safety reasons.

Situational Awareness (SA) is the “detecting information, processing the
information with relevant knowledge to create a mental picture of the current situation,
and acting on this picture” (Garner, 1996). There are three types of measures that have
been used for SA. The first is subjective estimates either as ratings or as a comparison
between perceived and actual situation. One of the early measures of SA was the SA
Global Assessment Technique (SAGAT). Using SAGAT, the simulator was stopped at
random times and the participant queried on status of elements in the simulation, e.g.,
distance to the target. A graphic computer program was used for the queries and to
compare the perceived and “real” status.

The second type of SA measure is observation. One of the most frequently used
observation measure is Crew SA. Expert observers rate crew coordination during a
simulator trial and then develop information transfer matrices. Once information
transfers have been identified the experts classify decision or nondecision information.
This measure requires open and frequent communication among crew members as well
as a team of expert observers.

The third type of SA measure is physiological. These include both eye activity
(larger pupils, higher SA) and brain activity (theta and delta activity).

2. Transfer of Training

Transfer of training is the application of a skill learned in a simulator to the real
world. For example, flight simulators to aircraft, surgical simulators to human patient
surgery, or airport checkpoint simulators to baggage inspection. There are three
measures of transfer of training. The first, percent transfer of training, is given by the
following equation:
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Yo -Yxx 100
Yo
where:
Yo = time, trials, or errors required by a group of students to reach the
performance criterion without training in the simulator
Yx = time, trials, or errors required by a group of students to reach the

performance criterion with x hours in the simulator

However, there are diminishing returns of training in a simulator. Specifically, the
first hour in a simulator can save more than one hour in the aircraft. The twentieth hour
may not. Aircraft simulators are associated with decreasing increments of actual flight
hours saved. These incremental savings for each hour in a simulator are calculated as
the Incremental Transfer Effectiveness Ratio (ITER). The ITER equation is:

ITER = Yxax -AX - Yx
X
where:

Yx-ax = time, trials, or errors required by a group of students to reach the
performance criterion with X - AX hours in the simulator

Yx = time, trials, or errors required by a group of students to reach the
performance criterion with X training units in the simulator

AX = incremental unit of time, trials, or errors during training in the

simulator

Even though students may be learning less per hour in the simulator, they are
learning. The cumulative amount of learning is called the Cumulative Transfer
Effectiveness Ratio (CTER). The CTER equation is:

CTER = Yo - Yx

X

where:
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Yo = time, trials, or errors required by a group of students to reach the
performance criterion without training in the simulator

Yx = time, trials, or errors required by a group of students to reach the
performance criterion with x hours in the simulator

X = time, trials, or errors during training in the simulator

An example to compare each of the transfer of training measures is presented in
Figure 4. As expected, the percent transfer of training increases across the number of
flight hours while the ITER and CTER per hour decreases. These numbers are
dependent on the fidelity of the simulator. Transfer of training as a function of fidelity is
presented in Figure 5. A honey region is identified in Figure 5. It is bounded by the
lowest cost of ownership and operation with no negative transfer. Quantitative
definitions of fidelity of simulator features are presented in Table 3 and instructor station
features in Table 4. In depth descriptions of motion cues are presented in Table 5.
Brown (2010) provides an example of a transfer of training experiment. In the same
year, Sparko, Burki-Cohen, and Go (2010) reported that there were no operationally
relevant differences in performance of pilots trained in Full Flight Simulators with motion
when tested with the motion system on or off. Gawron (2002) compared in-flight
performance of airline pilots in 8 airplane upset accident re-enactments. Pilots were
able to recover from the windshear upset but not consistently to icing upsets. For a
summary of the results see Gawron and Peer (2014). In a more recent study, McLean,
Lambeth, and Mavin (2016) reported that the addition of simulation slightly decreased
time in the aircraft but significantly increased training time in total.
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Figure 4. Transfer of Training as a Function of Flight Hours
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Figure 5. Transfer of Training as a Function of Fidelity (Roscoe, 1980).

Other transfer of training measures have been developed and applied. The first
is Trials/Time to Transfer or Trial to Criterion (TTC) which is the number of trials that the

student used to reach proficiency (Liu, et al., 2009). The second is the Transfer

Effective Ratio (TER):

TER = Yo - Yx

X (Liu, et al., 2009)
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The third measure is first shot performance (fsp):

fsp=E-T
F-L
where:
F = performance on the first trial in the simulator
T = performance on the first post transfer trial

L = performance on the last trial in the simulator (Liu, et al., 2009)

The fourth measure is Training Retained (TR):

where:
C = performance on the first trial in the real world
T = performance on the first post transfer trial

S = stable performance in the real world (Liu, et al., 2009)

The last measure is the Index of Backward Transfer Formula (B):

B =>(Ai=Si)
N
where:
i = student
N = total number of students
A = mean of student’s scores on last two trials in the aircraft
S = student’s score during second simulator check ride (Kaempf an
Blackwell, 1990)

Hahn (2013) reviewed measures of transfer of training that have been applied to
non-flight simulators. Barnard, Veldius, and von Rooij (2001) applied these measures
to define 10 types of transfer: positive, negative, far (initial and subsequent tasks differ
substantially), near (differ only slightly), low-road (intensive training applied in a new
context), high-road (applying already acquired knowledge in new context), general (can
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be used in tasks other than the original), specific (no transfer expected to other tasks),

horizontal (transfer from one to another), and vertical (within a task with growing
expertise).
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Table 3. Fidelity of Simulator Features (Gawron, Bailey, and Lehman, 1995)

Simulator Features — Motion Cues

Number | Feature Definition Fidelity
1.1 Vibration Vibration testing on a "shaker" platform Stimulus
1.2 Acceleration Centrifuge testing for effects of sustained or transitory accelerations Stimulus
1.3 Motion
131 Low-fidelity See Excursion Limits for Fidelity of Motion Cues in Table 5 Stimulus
1.3.2 Moderate-fidelity See Excursion Limits for Fidelity of Motion Cues in Table 5 Stimulus
1.3.3 High-fidelity See Excursion Limits for Fidelity of Motion Cues in Table 5 Stimulus
1.3.4 Actual flight, no An actual flight environment in an aircraft other than the actual Stimulus
simulation crewstation platform
1.4 Turbulence
1.4.1 None No turbulence or turbulence effects Stimulus
1.4.2 Simulated Effects of turbulence are simulated including: 1) gust and buffet effects | Stimulus
on aircraft handling characteristics, 2) vibration of displays and
controllers, and 3) vibration of seat and/or restraint system
1.4.3 Real-world Actual turbulence is present and affects aircraft handling Stimulus

characteristics, clarity of displays, response of controllers, and
movement of the seat and/or restraint system
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Simulator Features — Visual Cues

Number Feature Definition Fidelity
2.1 Field-of-view size

211 Narrow field of view | <45° horizontal, <30° vertical Stimulus
212 Wide field of view >45° horizontal, >300 vertical Stimulus
2.13 Full field of view Actual crewstation field of view Stimulus
2.2 Visual-scene fidelity

221 Low detail No texturing; <25K multi-faceted polygons per frame Stimulus
2.2.2 Moderate detalil Shading, no texturing; >25K <100K multi-faceted polygons/frame Stimulus
2.2.3 High detail Texturing, shading; >100K multi-faceted polygons per frame Stimulus
224 Real-world detail Actual, real-world visual scene Stimulus
2.25 Color Full color spectrum Stimulus
2.2.6 Monochrome Monochromatic color Stimulus
2.3 Target fidelity

231 Low detail <5 scan lines per target and <5 minutes of arc visual angle Stimulus
2.3.2 Moderate detail 5-10 scan lines per target & 5 to 10 minutes of arc visual angle Stimulus
2.3.3 High detail >10 scan lines per target and >10 minutes of visual angle Stimulus
234 Real-world detail Real-world sensor images, photographs, or videos Stimulus
2.35 False-color target Varies in color from real-world target by > 1 hue Stimulus
2.3.6 Real-color target Does not vary in color from real-world target by > 1 hue Stimulus
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Simulator Features — Auditory Cues

Number Feature Definition Fidelity
3.1 Engine noise
3.1.1 Simulated engine Actual engine noise from one aircraft or noise produced by a sound | Stimulus
noise mixer
3.1.2 Actual engine noise Actual engine noise or high-quality auditory recording of engine Stimulus
noise as functions of altitude, airspeed, and environmental
conditions
3.2 Vibratory noise Low-frequency noise associated with aircraft motion Stimulus
3.3 Radio
3.3.1 Simulated radio Actual radio equipment is not used Stimulus
3.3.2 Real radio Actual radio equipment is used Stimulus
3.4 Acoustic/airflow noise
3.4.1 Simulated Actual acoustic/airflow noise from one aircraft or noise produced by | Stimulus
acoustic/airflow noise | a sound mixer
3.4.2 Real acoustic/airflow Actual acoustic/airflow noise or high-quality auditory recording of Stimulus
noise acoustic/airflow noise as functions of altitude, airspeed, and
environmental conditions
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Simulator Features — Crewstation

Number Feature Definition Fidelity
4.1 Displays
41.1 Static non-operational Displays are simulated used non-functional mockups | Stimulus
mockups
4.1.2 Simulated operational Displays are simulated using functional mockups Stimulus
displays
4.1.3 Actual displays Actual, functional displays are present Stimulus
4.2 Controls
4.2.1 Static mockups Controls are simulated using non-functional Response
mockups
4.2.2 Operational, representative | Controls are simulated using functional mockups Response
controls
4.2.3 Actual controls Actual, functional controls are present Response
4.3 Lighting
4.3.1 Simulated lighting Lighting matched in luminance but not spectrum Stimulus
4.3.2 Actual lighting Actual crewstation lighting present; out-of- Stimulus
crewstation lighting simulated
4.3.3 Operational conditions Actual crewstation lighting present; out-of- Stimulus
crewstation lighting matches actual
4.4 Seat/Restraints
4.4.1 Non-representative Seat does not have actual dimensions or seat Stimulus
restraints
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Number Feature Definition Fidelity

4.4.2 Simulated, representative Seat has actual dimension and seat restraints Stimulus

4.4.3 Engineering mockup Non-functional dimensionally accurate seat and Stimulus
restraints

4.4.4 Actual seat and restraint Actual, functional seat and restraints are present Stimulus
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Simulator Features — Operations

Number Feature Definition Fidelity

5.1 Flight Stresses

5.1.1 None No additional flight stresses are present Stimulus

5.1.2 Simulated Flight stresses are simulated using gaming Stimulus
techniques

5.1.3 Real-world Real-world flight stresses associated with aircraft Stimulus
responsibility

514 Actual Real-world flight stresses associated with aircraft Stimulus
responsibility and complete operational conditions

5.2 Tasks

5.2.1 Synthetic/experimental | Artificial tasks are imposed Response

tasks
5.2.2 Actual tasks Actual tasks are performed to operational criteria Response
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Table 4. Instructor Support (Pierowicz, J., Robin, J., Gawron, V., Watson, G., Nestor, B., and Murphree, 2002)

Features

Features to facilitate training/testing

Tutorial

On-line training for the instructor

Automated measurement

Automatic calculation of time, number of trials, and errors made by each student

Briefing/debriefing

Ability to point out cues and problems

Scenario control

Automatically configure and control the simulator upon instructor selection of conditions

Initial conditions control

Instructor control (a) vehicle configuration, (b) route characteristics, (c) radio/navigation
aids, (d) environmental conditions, and (e) vehicle handling characteristics.

Real-time simulation
variable control

Control for insertion, removal, and alteration of simulation variables while instructor is in
operations. Variables shall include environmental conditions; vehicle configuration,
maneuvering, and positioning

Ease of use

Ease of programming, operation, and maintenance

Malfunction control

Instructor can preprogram sequence of abnormal vehicle equipment conditions and/or
emergency conditions before or during training session. Time and number of actions
required on for instructor to select, alter, and enter malfunctions shall be minimized

Reposition

Capability to position the [simulator] at any point in training

Instructor overview

Provide the instructor with a meaningful depiction of student performance during active
training. The presentation of information shall be an easy-to-read, uncluttered,
standardized format of the current status of graphical and instructional information

Bird’s eye view

Enable instructor see vehicle interactions from above

Freeze

Allow the values of one or more simulator parameters (select system/parameters) to be
frozen at any given time within a mission training scenario

Record/replay

Capability to record and reproduce all events, which occurred as a consequence of
student, input to the simulator's controls. Recorded student events shall include control
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Features

Features to facilitate training/testing

movements, instrument values, displays, motion cues, visual scenes, sounds and voice
communications.

Demonstration

Reproduce all simulated conditions including activation of vehicle cab instruments,
indicators, controls, motion system movement, visual display scenes, and communications,
as viewed from the cab.

Data storage

Stored data may include information grouped by student, student type and class, the
objectives attained, time/attempts to attain the objectives, and conditions under which the
objectives were met or not met

Ease of changing scenarios

Ease of instructor to select different scenarios

Tutorial

On-line training for the instructor

Automated measurement

Automatic calculation of time, number of trials, and errors made by each student

Briefing/debriefing

Ability to point out cues and problems

Scenario control

Automatically configure and control the simulator upon instructor selection of conditions

Initial conditions control

Instructor control (a) vehicle configuration, (b) route characteristics, (c) radio/navigation
aids, (d) environmental conditions, and (e) vehicle handling characteristics.
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Features

Features to facilitate training/testing

Real-time simulation
variable control

Control for insertion, removal, and alteration of simulation variables while instructor is in
operations. Variables shall include environmental conditions; vehicle configuration,
maneuvering, and positioning

Ease of use

Ease of programming, operation, and maintenance

Malfunction control

Instructor can preprogram sequence of abnormal vehicle equipment conditions and/or
emergency conditions before or during training session. Time and number of actions
required on for instructor to select, alter, and enter malfunctions shall be minimized

Reposition

Capability to position the [simulator at any point in training

Instructor overview

Provide the instructor with a meaningful depiction of student performance during active
training. The presentation of information shall be an easy-to-read, uncluttered,
standardized format of the current status of graphical and instructional information

Bird’s eye view

Enable instructor see vehicle interactions from above

Freeze

Allow the values of one or more simulator parameters (select system/parameters) to be
frozen at any given time within a mission training scenario

Record/replay

Capability to record and reproduce all events, which occurred as a consequence of
student, input to the simulator's controls. Recorded student events shall include control
movements, instrument values, displays, motion cues, visual scenes, sounds and voice
communications.

Demonstration

Reproduce all simulated conditions including activation of vehicle cab instruments,

indicators, controls, motion system movement, visual display scenes, and communications,

as viewed from the cab.

©2017-The MITRE Corporation. All rights reserved.




Approved for Public Release; 13-4070.

Features Features to facilitate training/testing

Data storage Stored data may include information grouped by student, student type and class, the
objectives attained, time/attempts to attain the objectives, and conditions under which the

objectives were met or not met

Ease of changing scenarios | Ease of instructor to select different scenarios

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Table 5. Excursion Limits for Fidelity of Motion Cues (Gawron, Bailey, and Lehman,

1995)
Fidelity
Kinematics Low fidelity Medium fidelity High fidelity
Longitudinal Acceleration 0.0 < Agx <% 0.5¢g +0.5 < Agx <% 1.59 +1.5 < Agx
Longitudinal Velocity 0.0 < Avy <+ 2.5fps +2.5 < Avy <+ 7.5fps 7.5 < Avy
Longitudinal Displacement 0.0 < Ax <% 2.5ft +2.5 < AX <+ 7.5ft +7.5 < AX
Lateral Acceleration 0.0 < Agy <+ 0.59 +0.5 < Agy <+ 1.09 +1.09 < Agy

Lateral Velocity

0.0 < Avy <+ 2.5fps

+2.5 < Avy <% 5.0fps

+5.0fps < Avy

Lateral Displacement

0.0 < Ay <+ 2.5ft

+2.5 < Ay <# 5.0ft

+5.0ft < Ay

Vertical Acceleration

0.0 < Agz <+ 0.5g

+0.5 < Agz <+ 1.5¢

+1.5g < Agz

Vertical Velocity

0.0 < Avz <% 2.5fps

+2.5 < Avz <+ 7.5fps

+7.5fps < Avyz

Vertical Displacement

0.0 < Az <+ 2.5ft

+2.5 < Az <+ 5.5ft

+7.5ft< Az

Pitch Acceleration

0.0<AQ < 0.5r/s2

+0.0 < AQ < 1.5r/s2

+15r/s2<A(

Pitch Velocity

0.0 < Aq <+ 0.5r/s

+0.5 < Aq <+ 1.5r/s

+1.5r/s < Aq

Pitch Displacement

0.0 < AB <+ 0.5rad

+0.5 < A0 <+ 1.5rad

+ 1.5rad < AO

Roll Acceleration

0.0<Ap <t0.5r/s2

+05<ApP <t 1.5r/s2

+15r/s2<Ap

Roll Velocity

0.0 < Ap <+ 0.5r/s

+0.5 < Ap <% 1.5r/s

+1.5r/s< Ap

Roll Displacement

0.0 < A$ <+ 0.5rad

+0.5 < A¢p <+ 1.5rad

+ 1.5rad < A

Yaw Acceleration

0.0<AT <#0.5r/s2

+0.5 < AT <+ 1.5r/s2

+15r/s2 <A r

Yaw Velocity

0.0 < Ar <+ 0.5r/s

+0.5 < Ar <£ 1.5r/s

+ 1.5r/s < Ar

Yaw Displacement

0.0 < AY < 0.5rad

+0.5 < AY < 1.5rad

1.5rad < AY

One deviation from stimulus fidelity is Above Real Time Training (ARTT)(Crane
and Guckenberger, 2000). In this type of training, time in the simulator is sped up to
increase the number of events to which the student responds. Air Force Research
Laboratory personnel examined up to 20 times real time to train patterns of behavior to
novices. This resulted in enhanced dual- and multi-task performance. This technique
has also been applied by NASA to encourage automaticity and reduce pilot workload.
Researchers funded by Defence Research and Development Canada reported that one
ARTT training session enhanced performance on a simulated flight control task
(Donderi, Niall, Fish, and Goldstein, 2012).

In a meta study of transfer of training, Oskarsson, Nahlinder, and Svensson
(2010) compared the rated fidelity, presence, feedback, motivation/fun, learning, and
effect on reality from soldiers and officers at four simulator sites (Tank-122 simulator,
Combat Vehicle 90, active sonar anti-submarine warfare (ASW) simulator, and MCM
Wargaming). There were significantly higher ratings for the Tank-122 simulator (motion
base and surround visual scene) than the Combat Vehicle 90 (no motion with limited
visual scene) or the MCM Wargaming. There were also significantly higher ratings on
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motivation/fun and feedback compared to fidelity and presence. In another transfer of
training meta-analysis, deWinter, Dodou, and Mulder (2012) concluded that higher
transfer of training occurs with flight simulator motion than without for flight-naive
students learning to handle external disturbances or condoling vehicles with low
dynamic stability.

Another metric that has been used to assess costs associated with training is the
efficiency metric (Feldon, 2003). The metric was designed to measure a student’s
progress toward become an expert in the task being trained. It is based on a three
stage model of skill acquisition. Feldon argues that the student’s learning must be
evaluated on three axes: speed, task efficiency, and mental effort or automaticity.

3. Types of Simulators Used in Training

Simulators can be categorized as either traditional or nontraditional simulators.
Each category is described in a separate section below.

3.1 Traditional Types of Simulators Used in Training

Traditional simulators have the following characteristics: 1) a large body of
research, 2) standard interfaces and functionality, 3) instructional packages, and 4)
technology to enhance processing speed and visuals. There are six traditional types of
simulators: 1) static mockups, 2) dynamic mockups, 3) part task simulators, 4) part
mission simulators, 5) full mission simulators, and 6) in-flight simulators. Each is
described in section below.

3.1.1 Static Mockups

A static mockup is a three-dimensional (3-D) model of a product or system that
has no moving parts. Static mockups range in scope from an individual control, such as
an airplane control yoke, to an entire vehicle control station. There are three types of
materials typically used: 1) foam core is a thin sheet of dense Styrofoam™ (usually 1/8
or 3/16-inch-thick) covered with white paper, 2) wood, and 3) plastic developed using
stereolithography which applies 3-dimensional solid Computer Aided Design (CAD) data
to build parts from a liquid photopolymer resin that solidifies when exposed to a high-
radiance light source. Static mockups are typically used for procedures training. For
more information, see Gawron, Dennison, and Biferno (2002).

3.1.2 Dynamic Mockups

A dynamic mockup is a three-dimensional (3-D) model of a product or system
that has moving parts which do not have functionality. Dynamic mockups range in
scope from an individual control, such as an airplane control yoke, to an entire vehicle
control station. There are three types: 1) wood, 2) plastic (again through
stereolithography, and 3) hardware to emulate moving parts such as controls and seat
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restraints. Dynamic mockups are typically used for procedures training, especially
emergency procedures training.

3.1.3 Part Task Simulators

Part task simulators simulate a specific aspect of the task for training. Examples
include landing an aircraft, navigating a ship under a bridge, and an emergency
response in a nuclear power plant. Another good example is the Spatial Disorientation
Trainer (www.wylelabs.com). This device trains pilots to recognize and counter the
following:

Confusion of light sources in night flight conditions (autokinesis)
Coriolis illusion
Elevator illusion
False vertical and horizontal cues
Graveyard spin
Graveyard spiral
Inversion illusion
Oculogravic and Oculogyral illusions
. Somatogravic and Somatogyral illusions
10.The Leans

A similar system, the GYROLAB GL-2000 is being used to train civilian pilots in
airplane upset prevention and recovery (http://www.nastarcenter.com/aerospace-
training/space/pilots-and-crew/upset-prevention-and-recovery).

©o N OA~®O®DE

3.1.4 Part Mission Simulators

A part mission simulator simulates a specific part of the mission for training.
Examples include: 1) finding, lining up, and landing onboard an aircraft carrier and 2)
the Joint Fires and Effects Trainer for time sensitive targeting and synchronizing fires
with maneuvers. These simulators are typically replicas of the controls and displays
needed to complete the part of the mission being trained.

3.1.5 Full Mission Simulators

A full mission simulator simulates all tasks from start to end of mission. For
aircraft related missions, these tasks may include landing, takeoff, weapons delivery,
night flight, formation flight, and cockpit familiarization in normal, adverse, and
emergency situations. These simulators recreate sounds, motion, visual scenes,
instrument presentations and all other systems. Vehicle (air or land) simulators
represent actual vehicle characteristics based on available operating data and input
from experienced operators. Examples of full mission simulators include a King Air
Level C aircraft simulator from Frasca International, the CAE Integrated Procedure
Trainer, and the National Advanced Driving Simulator.
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3.1.6 In-flight Simulators

An in flight simulator is a ground simulator that flies and a test bed aircraft that
plays make-believe. It replicates another aircraft’'s dynamic response with cockpit
controller force-versus-position. It also replicates cockpit displays. Finally, there is
computer control of all six degrees of freedom including the response to air turbulence.
Examples include the Total In-Flight Simulator (TIFS, see Figure 6), the Variable
Stability In-Flight Simulation Test Aircraft (VISTA), and two Lears (24 and 25). For more
information, see Gawron and Reynolds (1995).

Figure 6. TIFS (NASA photograph)

3.2 Nontraditional Types of Simulators Used in Training

Nontraditional types of simulators used in training have a comparatively smaller
body of research, limited standardization in either interface or functionality, and custom
built instructional packages. Technologies are being developed to enhance processing
speed, visuals, auditory cues, and haptic cues. Examples of nontraditional types of
simulators and simulations are listed below:

1. Distributed Mission Trainers
2. Virtual Reality

3. Embedded Training

4. Cell Phones
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5. Tablet Computing
6. Gaming
7. Weightlessness Simulators

3.2.1 Distributed Mission Trainers

Distributed Mission Trainers are individual simulators located in different
locations that simulate the same environment. For example, a pilot flying a fighter
aircraft simulator sees a tank that is being controlled by a soldier in a tank simulator in
different location. Distributed Mission Trainers are the current state of the art in training
simulation. An example is given by the United States Air Force Research Laboratory
(see Figure 7).

Figure 7. Distributed Mission Trainers
(http://lwww.mesa.afmc.af.mil/learningmanagement.html)
3.2.2 Virtual Reality

Virtual reality (VR) is a computer simulation that enables the user to interact with
a virtual environment. Types of VR include:

Augmented Reality

Digitally Enhanced Mannequins

Data Glove

Head Mounted Display

Flat World

Virtual Worlds
3.2.2.1 Augmented Reality

Augmented reality overlays computer generated imagery on real imagery.
Examples are the Augmented Reality Tower Tools (ARTT) in which aircraft information
is projected on top of an aircraft as seen through an Air Traffic Control tower (see Figure
8) and the Augmented Abdominal Surgical System in which imagery of organs are
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projected on top of an actual patient (see Figure 9). There are even augmented reality
applications for iPhones (see Figure 10). Extensive use of this technology is being
made in China for training (see a maintenance training example Chang, Fang, and Hu,
2010) and Europe (see Granlund, Smith, and Granlund, 2011).

zoqi ]2?!1

Data block and the 3-D optical images are
circle are projected on top of the
projected on actual obiects
aircraft

Figure 8. Augmented Reality Tower Tools (Courtesy: Reisman, NASA)
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Figure 9. Augmented Abdominal Surgical System (http://www-
sop.inria.fr/asclepios/research/images/Augmented_reality _for_abdominal_surgery.jpg)
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Figure 10. Theodolite Application for iPhones
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3.2.2.2 Digitally Enhanced Mannequins

Digitally enhanced mannequins are used to train medical students. An example
is iStan which moves, breathes, lives, and dies. iStan is self-contained and wireless
(see Figure 11). It has simulated body fluids with articulated motion. iStan was
featured on the television program, “Grey's Anatomy”. The original episode aired on
November 6 at 9 p.m. EST 2008 on ABC.

p=— /‘%

Figure 11. iStan Photo courtesy of CAE Healthcare
3.2.2.3 Data Glove

The DataGlove is worn on the trainee’s hand and has an array of sensors that
enables the trainee to manipulate virtual controls that are presented in an immersive 3-
D visualization environment. An example is presented in Figure 12 which shows
DataGloves on an Air Force pilot manipulating a virtual version of the cockpit displays
(also shown in Figure 12) that are presented to the subject through the use of a head-
mounted display system.
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Figure 12 DataGloves and Head Mounted Display
(http://www.mesa.afmc.af.mil/learningmanagement.html)
3.2.2.4 Head Mounted Display

Head Mounted Displays provide visual imagery to the trainee. In Figure 12
above, the pilot sees a cockpit and out-the-window views through the use of a head
mounted display. In Figure 13, a soldier in a sterile room sees a simulated road, tanks,
and potential terrorists as well as the end of his rifle.
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Figure 13. Virtual Warrior (http://www.gdc4s.com/content/detail.cfm?item=d3ae855e-
74ab-4af0-8c56-abad8be8ealf&page=6)
3.2.2.5 Flat World

Flat World is a training system developed and used by the United States Army
Program Executive Office (PEO) Simulation, Training and Instrumentation (STRI) To
provide solid objects in the environment, Flat World projects virtual images on top of
movable blank walls similar to flats in a theater (see Figure 14). In Figure 15, two digital
flats with physical window and door props create an immersive environment for training.
In Figure 16, stereoscopic graphics are used to provide a compelling sense of depth.
Virtual humans have been embedded in the Flat World such as the shooter in Figure
16.
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Figure 14. Flat World Mix of Imagery on Flats and Actual Props
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Figure 15. Flat World
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Figure 16. Flat World Stereoscopic Graphics

3.2.2.6 Virtual Worlds

Virtual worlds are software systems that provide 3D visualizations of
environments. Examples include Second Life and OpenSim. Second Life is a free 3D
virtual world where users can socialize, connect and create using free voice and text
chat (http://secondlife.com). It is being used by the United States Navy to train
command and control (http://www.navy.mil/search/display.asp?story_id=40755).
Another example is the Canadian Border Crossing project (see Figure 17). In 2008,
Canada'’s Loyalist College launched a virtual training program in Second Life for
Canadian border-crossing officers. The immersive simulation is designed to help
officers more quickly master complex procedure and refine human skills and real-time
reasoning through role-play interaction. For more information, contact Ken Hudson,
Managing Director, Virtual World Design Centre, Loyalist College. For a review of how
immersive virtual worlds, including Second Life, are used in education settings from
kindergarten to graduate school see Hew and Cheung (2010). Allison, et al. (2010)
recommend OpenSim for educational use rather than Second Life because OpenSim
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supports self-hosting. Note for manual tasks, Chen, Kimmel, Bartholomew, Ponto,
Gleicher, and Radwin (2014) reported decreased accuracy and increased time than
when performing the same task with physical objects.

;iv v

e 2L
Figure 17. Canadian Border Crossing in Second Life
(https://blogs.secondlife.com/community/learninginworld/blog/2009/07/10/case-study-
loyalist-college-massively-improves-test-scores-and-training-outcomes-using-second-
life)

For a description of virtual humans, see http://ict.usc.edu/.

3.2.3 Embedded Training

Embedded training is designed to be built into or added onto operational systems
to enhance and maintain the skill proficiency necessary to operate and maintain that
equipment. It enables training delivery to operators using their own equipment while in
the field or at home station. It enhances or maintains skill proficiency by enabling
soldiers to train using their operational equipment.

3.2.4 Cell Phones

The Army Acquisition Command's Program Executive Office for Simulation,
Training and Instrumentation has developed training applications on cell phones. These
were developed primarily for remote military units abroad. Current training applications
are for maintenance technicians for weapons and aircraft, riflery students (see Dietel, et
al., 2012), and mission planners. Mission planners navigate with arrows and zoom
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functions through 3-D, computer-aided-design maps of cities and buildings. Leung and
Chan (2003) developed a framework for mobile learning. The framework has four
components: 1) mobile learning applications, 2) mobile user infrastructure, 3) mobile
protocol, and 4) mobile network infrastructure. An alternative framework, one designed
for under-resourced schools, is described in Kim, et al. (2011). That framework was
applied and evaluated in rural India. Naismith, et al. (2004) identified issues with use of
mobile technologies for learning: 1) using contextual data will reduce the learner’'s
privacy, 2) mobility allows the student to “escape” the instructor and the curriculum, 3)
there is no effective method to measure learning over long periods of time, 4) student
may perceive that social networks may be impacted, and 5) students want to control
their personal technology. Finally, Seol, Sharp, and Kim (20130) reported that students
(4" and 5™ graders) using a mobile phone to create questions were very satisfied with
the capability to ask questions and to share these questions with peers.

3.2.5 Tablet Computing

Johnson, et al. (2013) have predicted that tablet computing will have widespread
adoption in higher education. These devices have already been applied in military
settings. For example, the Future Combat System has used an iPad for providing
procedures training. Further, Banister et al. (2009) identified iPad uses in K-12 for
classroom media, notes, clock, calculator, maps, weather, and internet access. They
also describe Web Apps for Early Childhood Education — PreSchool Adventures, At the
Zoo, ABC Letters, and iDoodle.

3.2.6 Gaming
The use of games to train is not new. As early as the 6" century AD, a two-

person strategy game, Chaturanga, was used in India to train for war. The game was
adapted by the Persians in the 7t century and named Shatranj. Both of these were
very much like chess. A later war game, Kriegsspiel, was developed in 1812 to train
officers in the Prussian Army. It used a physical table on which was overlaid terrain and
game pieces. An impatrtial third party observer evaluated each move. The game was
modified for use by the United States military in 1880. Look up tables were used to
determine fatality rates based on type of weapon, range, etc. (see Livermore, 1879).
War gaming became a critical component in training at the Navy War College.
Eventually mathematical formulas replaced physical game boards. The formulas
evolved into the war game models of today (Allen, 1987; Moroney and Lilienthal, 2009).
Currently video games are used to train personnel. One example is Canon and
Cisco using video games to teach technical skills such as equipment repair and network
maintenance. Another is e=mz2, a video game developed for sales people to trying to
win over a client. Other example includes games developed for the United States Army
to train urban combat and stability operations. The most successful American Army
game to date was begun as a recruiting tool that later was used to train tactics. Another
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example is the Virtual Air Traffic Simulation Network (VATSIM) (see
http://www.vatsim.net). It has over 100,000 players flying in simulated air traffic
environments around the world. Games have the advantages of being efficient and
addictive. Keebler, Jentsch, and Schuster (2014) reported that individuals with high
video game experience out performed individuals with little video game experience.
The task was combat identification. For education, digital games are being used
extensively in kindergarten through high school to teach “critical 215t century skills”
(http://glasslabgames.org/). However, in a review of the effectiveness, Young, et al.
(2012) reported some positive effects on language learning, history, and physical
education (exergames) but no positive effects on science and math learning. Weiss,
Kramarski, and Talis (2006) reported that kindergarten students taught with multimedia
in cooperative learning or with multimedia in individual learning did better in math than
students without either type of training.

Using similar technology, hands on virtual labs are becoming prevalent. One
example is the Computer Emergency Response Team (CERT) Simulation, Training,
and Exercise Platform (STEPfwd) (https://stepfwd.cert.org/vte.Ims.web). Tang, et al.
(2012) describe a game, Sustain City, for undergraduate level training of science and
engineering. Hiskins, et al., (2011) describe virtual simulation to train high school
students to design electric cars. Basu, et al. (2013) described an Enactment or E-
World, a multi-agent simulation, to teach science to high school students. Another
example is MIT’s Open Courseware (http://ocw.mit.edu/index.htm). Moreno-Ger (2009)
described several low-cost platforms for educational game development.

Johnson et al. (2013) predict that such massively open online courses (e.g.,
Coursera, edX, and Udacity) will continue to grow in popularity. Picciano, et al. (2012)
identified concerns with the quality of instruction, policies for funding such courses, and
attendance requirements. Brown and Green (2012) provide an overview of the
technology for students as well as instructors. Eshet-Alkalai (2010) identified the
challenges for providing effective instructional technologies. Finally, Carnahan (2012)
identified the problem of explosive growth in online learning but very little research to
assess its effectiveness. To address this problem, he compared learning and
satisfaction of seven grade science presented in live virtual lessons, simulated
asynchronous lessons, and a traditional classroom lesson. All were provided by the
same instructor and all covered the same material. Although there were no significant
differences in achievement among the presentation types the highest satisfaction was
associated with the virtual classroom. In contrast D’Angelo, et al. (2013) concluded
from a meta-analysis of 40 studies that computer-based interactive simulations provided
improved training than similar instruction without the simulations.

3.2.7 Weightlessness Simulators
Simulators do not need to be ground-based. For example, NASA has used

aircraft to provide parabolic flights to simulate weightlessness. Each parabola takes 10
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miles of airspace and provides weightlessness for one minute. For more information,
see http://www.gozerog.com/.

Simulators do not have to be mechanical or have any associated software.
Weightlessness is also simulated in the Neutral Buoyancy Laboratory (NBL) in the
Sonny Carter Training Facility at NASA Johnson. It is the largest indoor pool of water in
the world and contains full-sized mock-ups of the Space Shuttle cargo bay, flight
payloads, and the International Space Station. Astronauts perform simulated Extra-
vehicular activity (EVA) tasks.

©2017-The MITRE Corporation. All rights reserved.


http://www.gozerog.com/

Approved for Public Release; 13-4070.

4 References

Allen, T.B. War Games. New York: McGraw-Hill, 1987.

Allison, C., Miller, A., Sturgeon, T., Nicoll, J.R., and Perera, |. Educationally enhanced
virtual worlds. 40th ASEE/IEEE Frontiers in Education Conference, 2010, T4F-2.

Bailey, R.E., Gawron, V.J., and Priest, J.E. Final Report: TIFS/C-141 Display Upgrade
Program. Calspan Final Report No. 8184-7, September 1994.

Banister, S., Miller, M., and Herman, T. Integrating the iPod Touch in K-12 Education:
Visions and Vices. International Association for Development of the Information

Society Conference on Mobile Learning. 2009.

Barnard, Y.F., Veldius, G.J., and von Rooij, J.C.G.M. Evaluation in Practice: ldentifying
Factors for Improving Transfer of Training in Technical Domains. Studies in
Educational Evaluation, 2001, 27, 269 — 290.

Basu, S., Dickes, A., Kinnebrew, J.S., Sengupta, P., and Biswas, G. CTSiM: A
computational thinking environment for learning science thro ugh simulation and
modeling. Proceedings 5th International Conference on Computer Supported
Education, 2013, 369 — 378.

Brown, A., & Green, T. (2012). Issues and trends in instructional technology: Lean
times, shifts in online learning, and increased attention to mobile devices. In
Educational media and technology yearbook (pp. 67-80). Springer New York. Davis
lll, C. H., Deil-Amen, R., Rios-Aguilar, C., & Gonzalez Canche, M. S. (2012). Social

Media in Higher Education: A literature review and research directions.

Brown, B. A transfer of training study of simulation games. Monterey, California: Naval
Postgraduate School, March 2010.

Carnahan, C.D. The Effects of Learning in an Online Virtual Environment on K-12
Students. A Dissertation Submitted to Indiana University of Pennsylvania,
December 2012.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Chang, Z., Fang, Y., Zhang, Y, and Hu, C. A Training Simulation System for Substation
Equipments Maintenance. International Conference on Machine Vision and
Human-machine Interface, 2010, 572-575.

Chen, K.B., Kimmel, R.A., Bartholomew, A., Ponto, K., Gleicher, M.L., and Radwin,
R.G. Manually locating physical and virtual reality objects. Human Factors, 2014,
56(6), 1163 — 1176.

Crane, P. and Guckenberger, D. Above real-time training. In O’Neil, H.F. and Andrews,
D. Aircrew training and assessment. Mahwah, NJ: Lawrence Erlbaum, 2000, 153.

D’Angelo, C., Rutstein, D, Harris, C., Bernard, R., and Borokhovski, E. Review of
Computer-based Simulations for STEM Learning in K-12 Education. SRI
International, Menlo Park, California, May 2013.

deWinter, J.C.E., Dodou, D., and Mulder, M. Training effectiveness of whole body flight
simulator motion: A comprehensive meta-analysis. The International Journal of
Aviation Psychology, 22(2), 164 — 183, 2012.

Dietel, R., Bewley, W. L., Chung, G. K., Vendlinski, T., and J. Lee, J. (2012) Key
Findings From Simulation and Technology Research (CRESST Policy Brief No. 12).
Los Angeles, CA: University of California, National Center for Research on
Evaluation, Standards, and Student Testing (CRESST).

Donderi, D.C., Niall, K.K., Fish, K., and Goldstein, B. Above-Real-Time Training (ARTT)
improves transfer to a simulated flight control task. Human Factors, 2012, 54(3),
469 — 479.

Eshet-Alkalai, Y., Caspi, A., Eden, S., Geri, N., & Yair, Y. Challenges of integrating
technologies for learning: Introduction to the IJELLO special series of Chais
Conference 2010 best papers. Interdisciplinary Journal of E-Learning and Learning
Objects, 2010, 6, 239-244. Available at:
http://www.ijello.org/Volume6/IJELLOvV6p239-244Intro.pdf.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Feldon, D.F. The benefits of an efficiency metric in the evaluation of task performance.
Presented at the National Convention of the Association for Educational

Communications and Technology, 2003.

Garner, K.T. Situational Awareness: what is it? Can it be improved? Arlington, VA:

Naval Air Systems Command, 1996.

Gawron, V.J.: “Airplane upset training evaluation report” (NASA/CR-2002-211405).
Moffett Field, CA: National Aeronautics and Space Administration, May 2002.

Gawron, V.J., Bailey, R., and Lehman, E. Lessons Learned in Applying Simulators to
Crewstation Evaluation. The International Journal of Aviation Psychology, Volume
5, Number 2, 277-290, 1995.

Gawron, V. J., Dennison, T W., and Biferno, M. A. Mockups, Models, Simulations, and
Embedded Testing. In S.G. Charlton and T.G. O’Brien (Editors) Handbook of
Human Factors Testing and Evaluation Second Edition, Mahwah, New Jersey:

Lawrence Erlbaum Associates, 2002.

Gawron, V.J. and Peer, J. Evaluation of airplane upset recovery training. Aviation
Psychology and Applied Human Factors, 2014, 4(2), 74-85.

Gawron, V.J. and Reynolds, P.A. When In-Flight Simulation is Necessary. Journal of
Aircraft, Volume 32, Number 2, 1995, 411-415.

Granlund, R., Smith, K., and Granlund, H. C3Conflict a Simulation Environment for
Studying Teamwork in Command and Control. Presented at the 16th International
Command and Control Research and Technology Symposium (ICCRTS 2011),
Quebec City, Quebec, Canada, June 21-23, 2011.

Hahn, S. Transfer of Trailing from Simulations in Civilian and Military Workforces:
Perspectives from the Current Body of Literature.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Hew, K.F. and Cheung, W.S. Use of three-dimensional (3-D) immersive virtual worlds
in K-12 and higher education settings: A review of the research. British Journal of
Education Technology, Volume 41, Number 1, 2010, 33 — 55.

Hiskens, I. A., Peng, H., and Fathy, H. K. 2 011 Transportation electrification education
for K-12 students Power and Energy Society General Meeting, 2011 IEEE

Conference Proceedings.

Johnson, L., Adams Becker, S., Cummins, M., Estrada, V., Freeman, A., and Ludgate,
H. (2013). NMC Horizon Report: 2013 Higher Education Edition. Austin, Texas: The

New Media Consortium.

Kaempf, G. L. and Blackwell, N. J. Transfer-of-training study of emergency touchdown
maneuvers in the AH-1 flight and weapons simulator (Research Report 1561).
Alexandria, VA: U.S. Army Research Institute for the Behavioral and Social
Sciences, 1990.

Keebler, J.R., Jentsch, F., and Schuster, D. The effects of video game experience and
active stereoscopy on performance in combat identification tasks. Human Factors,
2014, 56(6), 1482 — 1496.

Kim, P., Seol, S., Karimi, A., Goyal, A., Dodson, B., and Lam, M. PocketSchool
Interactive Learning Ad-Hoc Network. In Proceedings of the International

Conference on e-Education, Entertainment, and e-Management (pp. 27-29)., 2011.

Leung, C. H., & Chan, Y. Y. (2003, July). Mobile learning: a new paradigm in electronic
learning. In Advanced Learning Technologies, 2003. Proceedings of the 3rd IEEE
International Conference on (pp. 76-80). IEEE.

Liu, D., Blickensderer, E.L., Macchiarella, N.D., and Vincenzi, D.A. Transfer of training.
In Vincenzi, D.A., Wise, J.A., Mouloua, M., and Hancock, P.A. (Editors) Human
Factors in Simulation and Training. Boca Raton, Florida: CRC Press, 2009, 49 — 60.

Livermore, W.R. The American Kriegsspiel: A Game for Practicing the Art of War Upon

a Topographical Map. Kessinger Publishing Company, 1879.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

McLean, G.M., Lambeth, S., and Mavin, T. The use of simulation in ab initio pilot

training. International Journal of Aviation Psychology, 2016, 26(1-2), 36 — 45.

Moreno-Ger, P., Torrente, J., Bustamante, J., Ferndndez-Galaz, C., Fernandez-Manjon,
B., and Comas-Rengifo, M. D. Application of a low-cost web-based simulation to
improve students' practical skills in medical education. International Journal of
Medical Informatics, 79(6), 559 - 467, June 2010.

Moroney, W.F. and Lilienthal, M.C. Human Factors in Simulation and Training. In
Vincenzi, D.A., Wise, J.A., Mouloua, M., and Hancock, P.A. (Editors) Human Factors
in Simulation and Training. Boca Raton, Florida: CRC Press, 2009, 3 — 38.

Naismith, L., Sharples, M., Vavoula, G., & Lonsdale, P. (2004). Literature review in
mobile technologies and learning. Futurelab series report 11. University of
Birmingham, Bristol, United Kingdom, ISBN: 0-9548594-1-3.

Oskarsson, P., Nahlinder, S., and Svensson, E. A meta study of transfer of training.
Proceedings of the Human Factors and Ergonomics Society 54" Annual Meeting,
2010, 2422 — 2426.

Picciano, A. G., Seaman, J., Shea, P., and Swan K. Examining the extent and nature of
online learning in American K-12 Education: The research initiatives of the Alfred P.
Sloan Foundation. The Internet and Higher Education, 15, 2012, 127 - 135.

Pierowicz, J., Robin, J., Gawron, V., Watson, G., Nestor, B., and Murphree, W.:
Commercial truck simulators re-assessment and evaluation. Washington, DC:
Federal Motor Carrier Safety Administration, FMCSA-RT-03-008, December 2002.

Roscoe, S. N. Transfer and Cost Effectiveness of Ground-based Flight Trainers, in S.

N. Roscoe (ed.) Aviation Psychology, lowa State University Press, Ames, 1980.

Roscoe, S.N., Jensen, R.S., and Gawron, V.J. Introduction to Training Systems. In
S.N. Roscoe (Ed.) Aviation Psychology, Ames, lowa: lowa State University Press,
1980.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Salas, E., Shuffler, M. L., Thayer, A. L., Bedwell, W. L., and Lazzara, E. H.
Understanding and improving teamwork in organizations: A scientifically based

practical guide. Human Resource Management, in press.

Seol, S., Sharp, A., and Kim, P. Stanford Mobile Inquiry-based Learning Environment
(SMILE): Using Mobile Phones to Promote Student Inquires in the Elementary

Classroom.

Sparko, A.L., Burki-Cohen, J., and Go, T.H. Transfer of training from a full-flight
simulator vs. a high-level flight-training device with a dynamic seat (AIAA 2010-
8218). AIAA Modeling and Simulation Technologies Conference, August 2 — 5,
2010.

Tang, Y., Shetty, S., Bielefelt, T., Jahan, K., Henry, J., and Hargrove, S. K. Sustain City
— A Cyberstructure-Enabled Game System for Science and Engineering Design.
Journal of Computational Science Education. 3(1), 2012, 57 — 65.

The MITRE Corporation. Digital Divisions 2 Through N (DD2-N) ABCS Training Sub-
System Architecture (ATSA) Functional Capability Description (FCD), Version 1.0, 1
August 2000.

Vincenzi, D.A., Wise, J.A., Mouloua, M., and Hancock, P.A. (Editors) Human Factors in

Simulation and Training. Boca Raton, Florida: CRC Press, 2009.

Weiss, |., Kramarski, B., and Talis, S. Effects of multimedia environments on
kindergarten children’s mathematical achievements and style of learning.
Educational Media International, March 2006, 43(1), 3 — 17.

Young, M.F., Slota, S., Cutter, A.B., Jalette, G., Mullin, G., Lai, B., Simeoni, Z., Tran, M.,
and Yukhymenko, M. Our Princess Is in Another Castle a Review of Trends in
Serious Gaming for Education. Review of Educational Research, 82(1), 2012, 61 -
89.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Suggested Readings

Ally, M. (Ed.). (2009). Mobile learning: Transforming the delivery of education and
training. Athabasca University Press.

Amory, A. (2012). Tool-mediated authentic learning in an educational technology
course: a designed-based innovation. Interactive Learning Environments, (ahead-of-
print), 1-17.

Ardalan A., Balikuddembe J.K., Ingrassia P.L., Carenzo L., Della Corte F., Akbarisari A.,
Djalali A. Virtual disaster simulation: Lesson learned from an international
collaboration that can be leveraged for disaster education in Iran. PLoS Currents,
2015, 7.

Arnaldo, R., Perez, L., Crespo, J., and Alonso, F. The use of virtual flight simulation for
airspace design in aeronautical engineering education. IEEE Global Engineering
Education Conference, EDUCON 2011, p 543-551, 2011.

Baldoli I., Cuttano A., Scaramuzzo R.T., Tognarelli S., Ciantelli M., Cecchi F., Gentile
M., Sigali E., Laschi C., Ghirri P., Menciassi A., Dario P., Boldrini A. A novel
simulator for mechanical ventilation in newborns: MEchatronic REspiratory System
Simulator for Neonatal Applications. Proceedings of the Institution of Mechanical

Engineers, Part H: Journal of Engineering in Medicine, 2015, 229(8), 581.

Bogoni T., Pinho M., Scarparo R. Evaluation of a haptic virtual reality simulator for
endodontics training. Proceedings of the ACM Symposium on Applied Computing,
2015, 267.

Briggs, S. Emerging Educational Technologies & How They Are Being Used Across the
Globe Posted on July 29, 2013

http://www.innovationexcellence.com/blog/2013/07/29/10-emerqging-educational-

technologies-how-they-are-being-used-across-the-globe/#sthash.RUgUA9je.dpuf

©2017-The MITRE Corporation. All rights reserved.


http://www.innovationexcellence.com/blog/2013/07/29/10-emerging-educational-technologies-how-they-are-being-used-across-the-globe/#sthash.RUqUA9je.dpuf
http://www.innovationexcellence.com/blog/2013/07/29/10-emerging-educational-technologies-how-they-are-being-used-across-the-globe/#sthash.RUqUA9je.dpuf

Approved for Public Release; 13-4070.

Brodsky Y., Carbognani F., Melotti E. The use of immersive virtual reality and motion
tracking in astronaut training and space system design. Proceedings of the

International Astronautical Congress, IAC, 2015, 6, 4077.

Broker, T. Purposeful Problem Generation in Simulation Games an Approach to Extend
the Target Group of Complex Simulation Games in Engineering Education.
Proceedings of the 3rd European Conference on Games Based Learning, p 62-7,
20009.

Brubacher J.W., Karg J., Weinstock P., Bae D.S. A Novel Cast Removal Training
Simulation to Improve Patient Safety. Journal of Surgical Education, 2016, 73(1), 7.

Bruzzone, A. G., & Massei, M. (2010). Advantage of mobile training for complex

systems. Proceedings of MAS2010, Fes, Morocco, October, 13-15.

Carolan, T.F.; Hutchins, S.D., Wickens, C.D. and Cumming, J.M. Costs and Benefits of More
Learner Freedom: Meta-Analyses of Exploratory and Learner Control Training
Methods. Human Factors, 2014, 56(5), 999 — 1014.

Cieslniski W.B., Sobecki J., Piepiora P.A., Piepiora Z.N., Witkowski K. Application of
the Augmented Reality in prototyping the educational simulator in sport - The

example of judo. Journal of Physics: Conference Series, 2016, 710(1).

De Lima R.M., De Medeiros Santos A., Neto F.M.M., De Sousa Neto A.F., Leao F.C.P.,
De Macedo F.T., De Paula Canuto A.M. A 3D serious game for medical students
training in clinical cases. 2016 IEEE International Conference on Serious Games
and Applications for Health, SeGAH 2016.

Denton, D. W. (2012). Enhancing instruction through constructivism, cooperative

learning, and cloud computing. TechTrends, 56(4), 34-41.

Duncan, A. Miller and S. Jiang 2012 A taxonomy of virtual worlds usage in

education British Journal of Educational Technology

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Dunn, J. 20 Innovative Education Technology Pinterest Boards December 27, 2012

@edudemic http://www.edudemic.com/education-technology-pinterest-boards/

Elwood, S., & Keengwe, J. (2012). Microbursts: A Design Format for Mobile Cloud
Computing. International Journal of Information and Communication Technology
Education (1JICTE), 8(2), 102-110.

Fonseca, P., Juan, A. A., Pla, L.M., Rodriguez, S. V., and Faulin, J. Simulation
education in the internet age: Some experiences on the use of pure online and
blended learning models. Proceedings - Winter Simulation Conference, p 299-309,
20009.

Ford J., Langley C., Molyneux A., Shelton C. Developing a CTG simulator app: theory
and practice. Clinical Teacher, 2016, 13(6) 432.

Fortes B., Balsalobre L., Weber R., Stamm R., Stamm A., Oto F., Coronel N.
Endoscopic sinus surgery dissection courses using a real simulator: The benefits of

this training. Brazilian Journal of Otorhinolaryngology, 82(1), 26.

Franciosi S.J. Acceptability of RPG Simulators for Foreign Language Training in
Japanese Higher Education. Simulation and Gaming, 2016, 13(6), 432.

Fraser, M. Thinking through digital simulation tasks in architectural education. Circuit
Bending, Breaking and Mending - Proceedings of the 16th International Conference
on Computer-Aided Architectural Design Research in Asia, CAADRIA 2011, p 599-
608, 2011.

Garrido, J. M. and Bandyopadhyay, T. Simulation model development in information
security education. Proceedings of the 2009 Information Security Curriculum
Development Annual Conference, InfoSecCD'09, p 21-26, 2009.

Graafland, M. Schraagen J. and Schijven M. 2012 Systematic review of serious games

for medical education and surgical skills training British Journal of Surgery

©2017-The MITRE Corporation. All rights reserved.


http://www.edudemic.com/education-technology-pinterest-boards/

Approved for Public Release; 13-4070.

Granlund, R., Smith, K., and Granlund, H. C3Conflict a simulation environment for
studying teamwork in command and control. Naval Postgraduate School, Monterrey
California. June 2011.

Grover S. and Pea R. 2013 Computational Thinking in K-12 A Review of the State of

the Field Educational Researcher.

Greunke L., Sadagic A. Taking Immersive VR Leap in Training of Landing Signal
Officers. IEEE Transactions on Visualization and Computer Graphics, 2016, 22(4),
1482.

Han, S., Choi, S., and Kwon, W. Real-time software-in-the-loop simulation for control
education. International Journal of Innovative Computing, Information and Control, v
7,n 11, p 6369-6382, November 2011.

Havold J.1., Nistad S., Skiri A., Odegard A. The human factor and simulator training for

offshore anchor handling operators. Safety Science, 2015, 75, 136.

Inman, C., Wright V. H., and Hartman J. A. 2010 Use of Second Life in K-12 and higher
education: A review of research SECOND LIFE AS A LANGUAGE LEARNING
TOOL (EFL) Journal Article

Jaeger, M. and Adair, D. Human factors simulation in construction management
education. European Journal of Engineering Education, v 35, n 3, p 299-309, June
2010.

James P.D., Antonova L., Martel M., Barkun A. Measures of trainee performance in
advanced endoscopy: A systematic review. Best Practice and Research: Clinical
Gastroenterology, 2016, 30(3), 421.

Jeli'nek, J. Simulation of University Education Process. Proceedings of the 5th
International Conference on Agents and Atrtificial Intelligence. ICAART 2013, p 403-
6, 2013.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Jelinek, J. Simulation of university education process. ICAART 2013 - Proceedings of
the 5th International Conference on Agents and Atrtificial Intelligence, v 1, p 403-406,
2013,

Khan, M. J., Rossi, M., Aji, C., and Heath B. 2012 The Development and
Implementation of a Flight Simulation Based Environment for Teaching Math &
Science Society for Information Technology & Teacher Education International

Conference Proceedings.

Kovacs I.S. Development of a simulator program for the training reactor of the
Budapest University of Technology and Economics. 1YCE 2015 - Proceedings: 2015

5th International Youth Conference on Energy, 2015.

Kdlsch, M. A snapshot of the modeling and simulation community and education.
Journal of Defense Modeling and Simulation, v 8, n 4, p 217-224, October 2011.

Korzeniowski P., Barrow A., Sodergren M.H., Hald N., Bello F. NOVISE: a virtual
natural orifice transluminal endoscopic surgery simulator. International Journal of
Computer Assisted Radiology and Surgery, 2016, 11(12), 1106.

Koschmann, T., Hall, R. P., & Miyake, N. (Eds.). (2013). CSCL 2. Routledge. Topic,
computer based collaborative learning. "Instructional Technologies, Inc.; "System,
Method and Apparatus for Automatic Generation of Remedial Training" in Patent
Application Approval Process." Computer Weekly News (2012): 1685. ProQuest.
Web. 1 Oct. 2013.
http://search.proquest.com/abicomplete/docview/1240643289/fulltext/140D9E668F1

Kowalski F. V. and Kowalski S. E. 2012 Enhancing curiosity using interactive
simulations combined with real-time formative assessment facilitated by open-format
guestions on Tablet computers. Frontiers in Education Conference (FIE), 2012

Conference Proceedings.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Liu, Z. and He, S. Emotion simulation in interactive virtual environment for children's
safety education. 5th International Conference on Natural Computation, ICNC 2009,
v 5, p 117-120, 2009.

Lopes, D. Simulation and Haptic Devices in Engineering Education. Elektronika ir
Elektrotechnika, n 6, p 159-62, 2010.

Lowyck, J. (2014). Bridging Learning Theories and Technology-Enhanced
Environments: A Critical Appraisal of Its History. In Handbook of Research on
Educational Communications and Technology (pp. 3-20). Springer New York.

Luu, K. and Freeman, J.G. An analysis of the relationship between information and
communication technology (ICT) and scientific literacy in Canada and Australia.
Computers & Education, 2011, 56, 1072 — 1082.

Machado A.F.A., Regueira Costa F.A.C., De Rezende J.L. Use of simulation to achieve
better results in cyber military training. Proceedings - IEEE Military Communications
Conference MILCOM, 2015, 1270.

Maddin, Ellen. Using TPCK with Digital Storytelling to Investigate Contemporary Issues
in Educational Technology. Journal of Instructional Pedagogies 7 (2012): 1-11.
ProQuest. Web. 1 Oct. 2013.
http://search.proquest.com/abicomplete/docview/928731663/fulltextPDF/140D9E11
B1359BBAE1/19?accountid=28063.

Matsumoto T.T., Vismari L.F., Camargo J.B., Jr. Training and evaluation of a learning-
based autonomous unmanned aircraft for collision avoidance: Virtual training data
generation. Safety and Reliability of Complex Engineered Systems - Proceedings of
the 25th European Safety and Reliability Conference, ESREL 2015, 2015, 2771.

Mielke, R.R., Scerbo, M.W., Gaubatz, K. T., and Watson, G. S. A model for
multidisciplinary graduate education in modeling and simulation. International

Journal of Simulation and Process Modeling, v 5, n 1, p 3-13, 2009.

©2017-The MITRE Corporation. All rights reserved.


http://search.proquest.com/abicomplete/docview/928731663/fulltextPDF/140D9E11B1359BBAE1/19?accountid=28063
http://search.proquest.com/abicomplete/docview/928731663/fulltextPDF/140D9E11B1359BBAE1/19?accountid=28063

Approved for Public Release; 13-4070.

Neto, Jose Dutra de Oliveira, and Elby Vaz Nascimento. "Intelligent Tutoring System for
Distance Education.” Journal of Information Systems and Technology Management.
JISTEM 9.1 (2012): 109-21. ProQuest. Web. 1 Oct. 2013.
http://search.proguest.com/abicomplete/docview/1037355326/fulltextPDF/140D9E11
B1359BBAE1/23?accountid=28063

O’Riordan, T. How Should We Measure & Show Online Learning Activity? Association

for Learning Technology Annual Conference, September 2015.

Park M., Kong C., Choi S., Lee D., Shin H.C. Application of macro-micro simulator for
high School student training. Conference on Nuclear Training and Education 2015,
CONTE 2015, 27.

Peixoto, D. C. C., Possa, R. M., Resende, R. F., and Padua C. I. P. S. 2012, Frontiers
in Education Conference (FIE), 2012, Conference Proceedings.

Peres L.R., Junior W.M.A., Coelho G., Lyra M. A new simulator model for knee

arthroscopy procedures. Knee Surgery, Sports Traumatology, Arthroscopy, 2016, 1.

Perkins, K., Moore, E., Podolefsky, N., Lancaster K, and Denison C. 2012 Towards
research-based strategies for using PhET simulations in middle school physical

science classes AIP Conference Proceedings.

Pires L.A., Serpa Y.R., Rodrigues M.A.F. Simimplanto - A Virtual Dental Implant
Training Simulator. Proceedings - 18th Symposium on Virtual and Augmented
Reality, SVR 2016.

Pratoomma P., Tepkunchorn K., Tanvilaipong N., Kraikhow J. Analysis and design
using Distributed Simulation Engineering and Execution Process (DSEEP) as a
system development life cycle of iLVC simulators. 2016 2nd Asian Conference on
Defence Technology, ACDT 2016.

Ramamurthy, B., Poulin, J., and Dittmar, K. 2012 Cloud-enabling an Evolutionary
Genetics Tool and Computational Methods for Invigorating STEM Learning and

Research Editor: Steven Gordon Associate Editors: Thomas Hacker, Holly Hirst,

©2017-The MITRE Corporation. All rights reserved.


http://search.proquest.com/abicomplete/docview/1037355326/fulltextPDF/140D9E11B1359BBAE1/23?accountid=28063
http://search.proquest.com/abicomplete/docview/1037355326/fulltextPDF/140D9E11B1359BBAE1/23?accountid=28063

Approved for Public Release; 13-4070.

David Joiner, Ashok Krishnamurthy, Robert Panoff, Helen Piontkivska, Susan

Ragan, Shawn Sendlinger.

Reveszova, L. Education via modeling and simulation. 35th International Convention
on Information and Communication Technology, Electronics and Microelectronics, p
1161-5, 2012.

Riismandel, Paul. "The State of Education Video." Streaming Media Magazine (2013):
62,62,64,66. ProQuest. Web. 1 Oct. 2013.
http://search.proguest.com/abicomplete/docview/1315732494/fulltextPDF/140D9E66
8F12CBB748/9?accountid=28063

Robson R. 2013 The changing nature of e-learning content Reshaping LearningBook

Section

Rockland, R., Kimmel, H., Carpinelli, J., Hirsch, L. S., and Burr-Alexander, L. 2012
Medical Robotics in K-12 Education

Roessingh, J. J. M. Transfer of Manual Flying Skills from PC-based Simulation to
Actual Flight — Comparison of in-flight Measured Data and Instructor Ratings. The
International Journal of Aviation Psychology, 15(1), 67 — 90, 2005.

Salas, R. A. and Pleite, J. Integration of design and simulation softwares for computer
science and education applied to the modeling of ferrites for power electronic
circuits. Advances in Intelligent and Soft Computing, v 126 AISC, p 103-108, 2012.

Sanfilippo F. A multi-sensor system for enhancing situational awareness in offshore
training. 2016 International Conference on Cyber Situational Awareness, Data

Analytics and Assessment, CyberSA 2016.

Sauter, M., Uttal, D. H., Rapp, D. N., Downing, M., and Jona, K. 2013 Getting real: the
authenticity of remote labs and simulations for science learning Distance Education

Journal Article.

©2017-The MITRE Corporation. All rights reserved.



Approved for Public Release; 13-4070.

Savage E.C., Tenn C., Vartanian O., Blackler K., Sullivan-Kwantes W., Garrett M., Blais
A.-R., Jarmasz J., Peng H., Pannell D., Tien H.C. A comparison of live tissue
training and high-fidelity patient simulator: A pilot study in battlefield trauma training.
Journal of Trauma and Acute Care Surgery, 2015, 79(4), S157.

Sethia R., Wiet G.J. Preoperative preparation for otologic surgery: Temporal bone
simulation. Current Opinion in Otolaryngology and Head and Neck Surgery, 2015,
23(5), 355.

Sugand K., Mawkin M., Gupte C. Validating Touch Surgery™: A cognitive task
simulation and rehearsal app for intramedullary femoral nailing. Injury, 2015, 46(11),
2212.

Sumners, C., Annette, S., Handron, K., and Jacobson, J. 2012 Immersive Interactive
Learning Labs for STEM Education Society for Information Technology & Teacher

Education International Conference Proceedings.

Swezey, R.W. and Andrews, D.H. 2001 Readings in Training and Simulation: A 30 Year
Perspective. Santa Monica, California: Human Factors and Ergonomics Society.

Tomei, L. A. (2013). Top 10 Technologies for Designing 21st Century Instruction.
International Journal of Information and Communication Technology Education
(IJICTE), 9(3), 80-93. Price - $37.50 from publisher.

Tunstall, R. and Lynch, M. The role of simulation case studies in enterprise education.
Education + Training, v 52, n 8-9, p 624-42, 2010.

Tzimerman A., Herer Y.T., Shtub A. Supply chain education-The contribution of

gamification. International Journal of Engineering Education, 2016, 32(1), 479.

Uzunboylu, H. (2013). Innovative Instructional Technologies J. UCS Special Issue.
Journal of Universal Computer Science, 19(5), 600-601. Entire issue available at:

http://jucs.org/jucs 19 5

©2017-The MITRE Corporation. All rights reserved.


http://jucs.org/jucs_19_5

Approved for Public Release; 13-4070.

Vitsas P.A. Commercial Simulator Applications in Flight Test Training, Journal of

Aerospace Engineering, 2016, 29(4).

Wang, M., & Ng, J. W. (2012, June). Intelligent Mobile Cloud Education: Smart Anytime-
Anywhere Learning for the Next Generation Campus Environment. In Intelligent
Environments (IE), 2012 8th International Conference on (pp. 149-156). IEEE.
http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6258516

Wang W., Li S., Qin H., Hao A. Novel, Robust, and Efficient Guidewire Modeling for
PCI Surgery Simulator Based on Heterogeneous and Integrated Chain-Mails.
Proceedings - 2015 14th International Conference on Computer-Aided Design and
Computer Graphics, CAD/Graphics 2015, 105.

Wang, Y. Teaching and learning discrete-event applying of simulation technology's with
witness in higher education. Proceedings - International Conference on Computer
Science and Software Engineering, CSSE 2008, v 5, p 996-999, 2008.

Wu H., Dai W.-J., Dong Y., Liu D.-C. Application effect of surgical simulator to improve
the microsurgical skills in junior ophthalmologist. International Eye Science, 2015,
15(7), 1240.

Xiao, T., Fan, W., Yang M., and Ma, P. Study on Education and Social Demand of
Simulation Science and Technology Discipline. Journal of System Simulation, v 21,
n 17, p 5281-8, Sept. 2009.

Yang D., Wei Y.-K., Xue F.-S., Deng X.-M., Zhi J. Simulation-based airway
management training: application and looking forward. Journal of Anesthesia, 2016,
30(2), 284.

Zavalani, O. and Kacani, J. Mathematical modeling and simulation in engineering
education. International Conference on Interactive Collaborative Learning, ICL
2012.

©2017-The MITRE Corporation. All rights reserved.


http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=6258516

Approved for Public Release; 13-4070.

Zhang, L., Zhu, C., and Li, N. The simulation and forecast of China education-economy
system: Econometrics and system dynamics combining model. 2nd International

Conference on Education Technology and Computer, v 1, p V1456-V1459, 2010.

Zhu, X., Yan, Y., and Sun, X. Dynamic case teaching and learning: Business education
in web-based simulation environment 5th International Conference on Computer
Science and Education, Final Program and Book of Abstracts, p 667-670, 2010.

©2017-The MITRE Corporation. All rights reserved.



