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The Man-machine Integration Design and Analysis System
(MIDAS) v5: Software Training Documentation

Brian F. Gore, Ph.D.

Abstract: This document is a training manual for MIDAS v5 that takes an user through
the hardware and software requirements for the MIDAS V5 software, the steps required
to download the software, and the steps that a user needs to take to create a MIDAS
simulation. The training guide also illustrates how the models interact to generate
MIDAS predictions of operator performance along task, workload, and situation
awareness timelines and provides the test routines that were conducted to verify the
operation of the integrated MIDAS models. The training guide shows the user how the
MIDAS task model interacts with and controls an anthropometric model through its use
of behavioral primitives. The training documentation also illustrates one approach that
has been used to filter and analyze MIDAS output.
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Chapter 1: Training Overview Steps

The training overview walks a first time MIDAS user through the basic steps of installing
the MIDAS software, loading a file, and getting a simple MIDAS model executable to
run. The Jack™ environment is pre-built for this exercise. This section is followed by
sections that more fully detail how to build the Jack™ environment from scratch.

Installing MIDAS
MIDAS v5 requires the MIDAS software (executable / .msi file), MicroSaint Sharp (.msi
file), and Siemens’ Jack.

MIDAS Initial Install
¢ You need to have the free .NET environment (.NET Framework 3.5 Service pack 1)
to run MIDAS.
e Ifyou do not have the .NET software:
o go to Microsoft
o select "Download"
o download and install
e You also need to have the most recent version of the free Java runtime environment.
Locate the Windows Installer Package, Midas-5.0 Beta with an .MSI extension.
e Copy the .MSI file to the machine you want to install MIDAS on
e Double Click on the .MSI file. If you inadvertently did not check whether you have
the .NET software available on the machine you are installing MIDAS on, you may
be prompted to download the latest version of .Net Framework.

Updated install (when new releases of the MIDAS software are released)

e Open Control Panel and select Add/Remove Programs.

e Remove MIDAS

e Follow the instructions above to install the updated MIDAS version

e ‘“midas” analysis files you’ve created with the previous version will not be
automatically removed.

Setting up MIDAS

Start/Open Midas

1. Locate Midas desktop icon and double click (see Figure 1).
If you happen to double click the MIDAS icon twice, it will open two versions of
MIDAS. This is not as problem; simply close one of the open MIDAS’ if you do
not want two versions open.

™ Jack is a UGS trademark name
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i

MidasvS.8

Figure 1. MIDAS Icon on Desktop to Launch the Software.

2. Default screen should look like Figure 2.

Figure 2. Default MIDAS screen.

Start/Load MicroSaint Sharp

MicroSaint Sharp and MIDAS interact and both need to be opened to run a simulation as
Sharp sends MIDAS the X,Y,Z, coordinate data about the environment.

1. Locate MicroSaint Sharp desktop icon and double click (Figure 3).

% v @ raene

Figure 4. Default Micro Saint Sharp Screen.

Using the Anthropometry Software (Jack™)

Jack is an independent piece of software. It needs to be purchased from Siemens, Inc.
Once you have this anthropometric software, you will be able to view the CAD
environment. This CAD environment “talks” to MIDAS through a socket called the
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CPORT module in Jack™ and through the external connections option in the MIDAS
“properties” window (see next page).

Start Jack™

e MIDAS operates with Jack™
e Double click the Jack™ icon
e You should see an empty Jack™ environment

Start the Jack™ License server (if you use one version of Jack on a
server with multiple versions of MIDAS on different lab machines)

e Double click the Imtools icon
e Click on the Start/Stop/Reread tab
e Click the Start Server button

Side Bar: If you find that you are unable to load the Jack software it could be that the
server needs to be restarted.

Start the CPORT Module

e Click on the Modules menu

e Select Plug-ins

e In the Registered Modules menu click on CPort

e Click the Load button
Verify that the CPort menu option now has an asterisk in front of it
Click the Ok button

Open the CPort Command Window
e Click on the Modules menu
Select CPort -> Open Command Port
Verify that the mode is Normal
Verify that the state is Active
Verify the status is Waiting in yellow text (this will change to green when the port
is sending information)
¢ Note the port number for later, then press dismiss

Get the Jack™ IP Address (you will need this for later)
e Open the main Windows Start menu
Navigate to All Programs -> Accessories -> Command Prompt
In the window that comes up type ipconfig
Find the line that says IP Address . ........
Note the number in that field for later (this should be a number like 169.254.19.61
or 127.0.0.1 for local machine)
Start up Jack and Load Jack files
e Use the File/Open menu in Jack™ to load the Training Environment for this
exercise. Look for a file named TrainingOct112006.env
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e Note: you will need to have all of the Jack™ figure files on your local system or
network so that the Jack™ software will be able to generate the desired images.

Hints for Navigating in Jack™
e Moving the viewpoint of a window will let you zoom in/out or rotate the scene.

O

O O O O

O

In the toolbar at the top, click on the eye icon, the text below it will read
View Control

In the window that appears, click on the Move button

Use the left mouse button to rotate the view right and left, or up and down
Use the right mouse button to zoom in and out

Use the middle mouse button to move the view up and down

The buttons can be used in combination

e Moving an object

O

@)
@)
O
@)

O

In the toolbar, be sure Fig is selected in the drop-down menu

Press the icon of the hand with the pointing finger

Scroll the mouse over the object until it turns yellow

Click on the object to select it

Verify that the object you want is the one listing in the text box left of the
hand icon

Hold the left mouse button and move the mouse back and forth to move
the object in the X-direction

Hold the middle mouse button and move the mouse back and forth to
move the object in the Y-direction

Hold the right mouse button and move the mouse back and forth to move
the object in the Z-direction

Move a few of the images you loaded around to get a feel for how it
works, and to separate them

e Rotating an object

O

@)
@)

Select object you want to rotate, click on the object with right mouse
button (arrows will appear under the origin of the object)

Press and hold shift key on keyboard

Press left, right or center mouse button to rotate along the X, the Y, or the
Z plane

e Getting an object’s location

@)
@)
@)
@)
@)

O

In the toolbar, be sure Fig is selected in the drop-down menu

Press the icon of the hand with the pointing finger

Scroll the mouse over the chair until it turns yellow

Click on the chair to select it

Verify that the object you want is the one listing in the text box left of the
hand icon

Read the X, Y, and Z locations out of the cm: textboxes on the right side
of the toolbar

e Getting the location for a piece of an object

@)
@)

In the toolbar, be sure Site is selected in the drop-down menu
Press the icon of the hand with the pointing finger
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o Scroll the mouse over the object until the text reads the name of the piece
you are looking for
o Click on the object to select it
o Verify that the object you want is the one listing in the text box left of the
hand icon
o Read the X, Y, and Z locations out of the cm: textboxes on the right side
of the toolbar
e Saving the environment
e Go to the file menu and select save scene
e Name the filename you would like to call the scene (e.g. INL-Training).
Note, the .env extension will automatically get added to the filename.



MIDAS 5.0 Training 2/13/20

Chapter 2: Using MIDAS

This training manual is organized in a manner consistent with how one would design a
simulation and attempts to track the organization of the tree view that appears in the
MIDAS software.

Overview

The MIDAS simulation environment can be thought of as possessing three primary
organizational structures; the inputs, the processing structure, and the outputs. These are
similar to the information-processing model of the human. MIDAS inputs include the
operational environment (e.g., flight profiles, scenario objects and events, etc.), the
operator tasks and operator process models (e.g., algorithms that represent operator
characteristics such as expertise). The MIDAS processing model is comprised of a task
manager model that schedules tasks to be completed, definitions of the state of models
within the physical simulation, a library of “basic” human primitive models that
represent behaviors required for all activities such as reach, and cognitive models such as
operator perception. The MIDAS output model generates a runtime display of the task
network, the anthropometry as well as mission performance.

The task network environment as well as the interaction among the various models when
MIDAS is opened can be found in Figure 5. Figure 5 illustrates the operator procedures
(light yellow), the properties (blank white column), the tree view of the components in
MIDAS (simulations, external connections, environment list, crewstation list, operator
list, situation awareness list, primitives list, vehicle list, task list, functions, variables and
sharp talk 360), and the code output (dark yellow) pane. If you inadvertently close a
window or want to get back to this default layout, select toolbar View > Layout > Reset
Screen Layout
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Figure 5. Default MIDAS Four Panel Screen.

Creating a Project

A project is a collection of simulation definitions. Simulation definitions are a collection
of models where models are operators, operator procedures, vehicles, crew stations,
environments, events and situational awareness weightings. This allows the user to reuse
operators, procedures, vehicles, crewed stations, or environments.

e Select the Save As... menu option under the File menu

e Navigate to a folder where you would like your projects to be saved

e Enter a name for your project in the File name text box and select the Save button

Sidebar: All the simulation definitions and models are stored in files with the . MIDAS
extension. If you would like to give your project to a colleague, you will need to give
them this file plus any files created on the Jack machine. It’s useful to keep all your Jack
files for a given analysis in a subfolder for easy portability.

Tip: Select the floppy disk icon on the tool bar from time to time while working to
protect your work should you loose power or experience an irrecoverable software error.

Creating a Simulation
e Select the simulation created by default when the project is created. Look for User
Simulation 1 in the Tree View under Simulations

o Click on the little “+> symbol beside simulation.

o This will expand to a user simulation where the user will define the various
elements that they would like to link in their simulation (the environment,
Crewstation, operator, vehicle, functions, etc.

o The default screen view should also present the properties that are associated
with the user simulation
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o the property grid should include the categories of name, miscellaneous (this is
where you will define the speed of the simulation), the models that will be
included as properties of the simulation(crew station environment operators
and vehicle), (a field that allow use the user to insert notes about the
properties of the user simulation), runtime settings that includes animate
simulation (this is the flag that tells Midas to communicate with Jack),display
messages(this is used for debugging and increases the amount of time it takes
to run a simulation; so turn this off for demos), flags to enable the coordinated
situation awareness, the SEEV settings, the number of runs, whether runtime
charts are turned on or off, the increment of simulation time (every one
hundred milliseconds), and whether workload management is turned on or off
(See Figure 6).

§B: MIDAS: Untitled.midas
File Edt Execution Yiew SharpTak3s0 Help
[@iRaave MO
(| % Operator Procedures | v 4 b x | |Properties: User_Simulation_t SR Tree view
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Simulation Time Increment (r 100 & @ Envionment List

Workload Management  False B CremstatonLis

Simulation To Execute 5 @ Opsrator Lis

Is Primary Simation True

Workload Management Settings Piimiives
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Priaiity Weighting Interrupt Ci 1 % @ Functions

Piorty Weighting rgency 3 & @ Vaiables
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Fieding Fin Motor 4
4
4
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0|2

]
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o

Redine Gross Motor
Rediine Visual
Redine Vocal

Name
Name

Figure 6. Properties of the Simulation "(]v)eﬁnitions).

e In the property grid, type the name you would like for your user defined Simulation in
the Name field under Identification (the white rectangle can be typed in).

o Note, this portion of the tree view, will get populated with the definitions that
you will be creating in the environment, the crew station, the operator, and the
other functions that will be part of your simulation.

o Set Animate Simulation to True (this allows you to see the visualization from
the jack software)

o You'll also have a number of settings for the workload management model in
the event that you would like to manipulate and delay the onset of multiple,
concurrent tasks.

e After you have created Models below (Environment, Operator, Vehicle, Event Set),
you will be reminded to assign them to this Simulation

Side bar: If you’d like to create an additional Simulation, right click on Simulations in
the Tree View and select Add Simulation from the context menu.

Side bar: The red X’s indicate that there has been no model definition applied to the
component model (e.g. no vehicle, environment, event set, or operator have been defined
yet). In the beta version of MIDAS, there needs to be one model defined in each
component classification
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Simulations Node

The simulation node is a node that contains all of the elements that will be in your
simulation (model). It is the part of the MIDAS architecture that links the external
connections, the environments, the crewstations, the operators, the SA, the vehicles, and
the functions together to create the full simulation. It also lists the Sharp Talk 360
software that is used to communicate to the External Environment coming into MIDAS

(see Figure 7).

& MIDAS: Untitled.midas
Fle Edt Execution View SharpTak360 Help
BIRARE[ VR B

()| % Operator Procedures | + 4 b x | [Properties
w 34

Sharp Tak 360

Saved MIDAS project.

[ &l training stuff2 - Micro...

B MIDAS: Untiled.midos

Figure 7. User Simulation Tree View Expanded.

g start.

Open the Simulations Node — move cursor to the little plus icon and expand the contents
of the node. As a default (when a new simulation is being created) contained within the
simulations node, you will see an environment model, ‘environment’ and an Operators
‘operator]’ node. You will see a red X on the operator node. This is okay as you have yet
to define an operator for the simulation. The red X will go away when you define the
operator (see Figure 8).
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Figure 8. Expanding the Simulations Node.

External Connections:

This is a node where you define whether the MIDAS architecture will be linked to an
external piece of simulation software to represent the physical human shape
(anthropometry) and CAD renditions of the environment (see Figure 9). To open, click
on the + sign, then select the anthropometric software (in this case, Jack). This will bring
up a properties window that defines the ip information for the anthro software.

8 MIDAS: Untitled.midas FEN
Fle Edt Execuon View SharpTak380 Help
(@3 Xa@aive o
(| @ operator Procedures | <~ 4 b x | [Properties: Jack_Crort vax [
BN
g B Communications
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IPPoit 1250
B Notes
Notes
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@) Vehicle List
@ Task List
# cti
*® Variables
@ Sharp Tak 360
Connected
Qutput vax
< >
Saved MIDAS project Real Time: Off Run Number Clock.

74 start . MIDAS: Untitied.mides | Bl training stuff2 - Micro...

Figure 9. External Connections Node in the Tree View.

e Expand External Connections in the Tree View by clicking on the + to the left of it
(see Figure 10)

e Set up the Jack™ CPort

10
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o In the Properties window, type the Jack™ IP Addresses in the [IPAddress field.
o Hint: to get the Jack™ IP address. Go to the Jack™ machine
e Do Start from Windows and select “Run...”
¢ In the cmd prompt, type ipconfig
o Type the Jack™ Port into the IPPort field.
e Hint: This is usually 1250 for Jack™.
e You can verify by loading the CPort

& MIDAS: Untitled.midas

| Fle Edit Execution View SharpTalk 360 Help
[@IlRama[ve 2o

(i) % Operator Procedures | v 4 b x |Properties: Jack CPort

]

E Communications

IPAddress
IPPort

B Notes
Notes
B Status

127.0.0.1
1250

plugin in Jack™,

Tree View
= B Simulations
By User_Simulation_1
= [@) Extemal Connections
@@ Environment List
#- @ Crewstation List
# @ Operator List
# Situation Awareness Model List
® ? Primitives
#- @) Vehicle List
@ Task List
@ @ Functions
@ Variables
@ Sharp Talk 380

Figure 10. Setting up External Connections for Anthropometric Character.

Environment List

The MIDAS software automatically generates a default environment when a new
simulation is created. This is a node where the environment that the simulation will use
is defined. Multiple environments, each with different characteristics (lighting, terrain,
visibility, features as shown in Figure 11) can be used, and selected in the simulation,
thereby allowing whether the environmental variables impact the model’s performance
(operator’s time to respond, detect information, workload patterns, and awareness). Each
of these environmental characteristics impacts the basic MIDAS behavioral models
according to empirical data. To set up the Environment List, ‘Right Click’ on the
Environment List, Add Environment Model.
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Figure 11. Setting up the Environment to be used in the MIDAS Scenario.
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Crewstation List

The next section describes the steps needed to create the crewstation, the workstation that
the operator will reside in and interact with. Before all of the component models that will
be in the scenario can be populated, how the modeled operator detects the information
from the crewstation and the environment will need to be decided upon, as this decision
will determine how the operator’s scan pattern is created and how the scan pattern
interacts with the crewstation and the environment. Two choices exist for this decision.
The operator scan pattern can be driven either probabilistically or by the SEEV (salience,
expectancy, effort and value; Wickens & McCarley, 2008) model. For a full description
of the SEEV model’s implementation in MIDAS, see Gore, Hooey, Scott-Nash and
Foyle, (2008).

If the scan pattern is a probabilistic scan, the model will need flags set in the initialization
settings of the simulation branch to outline that the probabilistic scan is being used for
visual attention. All of the fixation points according to the context in the scenario being
modeled will need to be defined. Select the rules for the decision on the path that the
model will select to generate the visual scan (probabilistic, tactical, or multiple). To
generate the probabilistic logic for the model, determine the probability values from
empirical literature, and then enter the values in the routing task by double clicking on the
task node. Figure 12shows the options that become available when double clicking the
routing task. The values in the path define the percentages that the model will use when
the task fires.
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Figure 12. Example of a Probabilistic Scan in a Model.

If the SEEV attention model is desired, then the tasks in the operator procedures will
need to be bracketed with a start SEEV task at the beginning of all of the operator tasks
and an end SEEV task at the end of the operator tasks. In addition, a SEEV start flag is
needed in the visual attention / scan pattern network (illustrated in Figure 13). To ensure

12
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a continual state of workload due to a continuous task as the one on a cockpit, the model
assumes the operators are each performing both a visual SEEV scan and an auditory scan
continually throughout the entire model without interruption in addition to the procedural
tasks that need to be performed throughout the different phases of the flight. The operator
when not performing a procedural task typically engages in a cockpit-scanning pattern
and also continuously monitors for any audio communications. In order to capture this
workload accurately, an operator procedure is needed in the model for every operator at

the beginning of the network diagram in the top level of the network. These are typically
called:

o Captain Scanning Pattern Primitive (task ID)
o First Officer Scan Primitive (task ID)

Within each primitive, the following two operator primitives appear:
o SEEV Fixate
o Auditory Monitor

A path drawn from each primitive back onto itself accomplishes the continual looping of
these scans.

These primitives
loop back on
themselves until
the model halts

=
SEEV Fixate - CA (111_66) =
SEEV_fixate

- -
~Auditory monitor (111_36) n

08 _uditory_monitor

Figure 13. SEEV Fixate Start Task in Two Looping SEEV Model Applications (Visual, Auditory).

The SEEV weightings on each of the fixation points in each of the scenario contexts

along the dimensions of expectancy (Figure 14), relevance of the AOI (task importance),
and situational elements (Figure 15).
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Figure 15. Task Importance, Relevance of AOI, and Situational Element.

SEEV Fixation Point Priority

For any point along the model where it has been determined that a crewmember should
purposely focus on a specific fixation point, the modeler may add an immediate
weighting for that fixation point. This weighting factors into the SEEV calculations. If
weighted heavily enough, the crewmembers eyes will be drawn to that specific location
for an amount specified.

The SEEV Fixation Point Weighting parameters have been added to several Operator
primitives. For those points in the model where a fixation is required but the operator is
not performing any operator-based primitives, a user-defined primitive can be defined
that has the same parameters (fixation point, weighting, duration; Figure 16).

€ USER_Read

€ USER_Report_Altitude

%
@ fizationPoint (MAAD. Midas.FixationPoint)
@ SEEVFixationPointPriority (MAAD Midas. ESEEYPriority)
@ duration (FloatingPoint)

€ USER_Set_Flaps

€ USER_Set_Gear

Figure 16. SEEV Fixation Point Parameter Weightings.

-

For each instance of the primitive, a modeler may set the following (see Figure 17):
e fixationPoint: any fixation point in the crewstation
e SEEVFixationPointPriority: high, medium, low or none
e Duration: the number of seconds the weighting should last
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A

BEVWASEEY FP Weighting for Front Left Window ID: [100_621 .
o

Primitive: |USER_SEEV_FP_weighting v

Parameter Value

fizationPoint CockPit.Front_Left_Window
SEEVFixationPointPriority High

duration 5

Figure 17. Setting SEEV Parameters Values in the MIDAS Task Network.

In case of user defined primitives, the modeler needs to set in the time field the following
line of code: return duration;

Creating the Crewstation List

This is a node where the crewstation and its associated details that the simulation scenario
will use are defined. Multiple crewstations, each with different layouts/details can be
created. The one to be used in the simulation given the scenario requirements can be
selected by clicking on the desired crewstation. This allows different crewstation layouts,
configurations, component attributes (colors, noise, etc.) in order to evaluate the layout’s
impact on the model’s performance (operator’s visual attention, time to respond, detect
information, workload patterns, and awareness) to be saved off and selected for
comparative analysis. Each of these environmental characteristics impacts the basic
MIDAS behavioral models. The MIDAS software automatically generates a default
crewstation.

When crewstation is selected with the cursor (shown in Figure 18), the properties window
will populate with attributes, component states (discrete state components), coordinated
SA, geometry, identification, and memory (WM/LTM decay-able). The geometry
bounding box information will come from either: 1) the visualization software that you
are using (Jack), or, (2) from manually entering the information.
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Figure 18. Crewstation Definition in MIDAS v5.

The crewstation attributes can be populated/defined. To do this, click on the component,
name it according to a desired name, and then open the attributes list (top line) in the
properties window. This will bring up the Attributes collector editor (see Figure 19).
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Figure 19. Example of Assigning Attributes through the Attributes Editor in the Crewstation.

In the Attributes collector editor window, the visual or auditory attributes associated with
the crewstation element can be created and defined by selecting the “add” attribute button

(Figure 20).
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Figure 20. Example of Add Attribute Function to a Crewstation Component.

To define the properties, select the desired attribute, then define it via the pull down
menu from the ‘collection ...” option in the software as shown in Figure 21. Note,
Collection can be defined according to the following: undefined, size, shape, texture,
color, contrast, transparency, text, digital value, spatial value, spatial symbolic value,
light emitting, heat emitting, class, reflectance, visibility, and lighting condition.
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Figure 21. Attribute of a component definition in MIDAS v5.

When the attributes window is closed, the attributes list will now have the number of
attributes defined in Figure 21 (see Figure 22).
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Figure 22. Populated attributes list.

8.0 Unttec.rides

Define Component States

The MIDAS simulation that you are creating automatically generates a default
component with a default state for you. Component states are the conditions of the
objects that are contained within your scenario. When a component state is created, click
on the default component in the tree view list, and right click the mouse button to define
the component definitions. These can be fixation point based, equipment component
based, or even imported from the Jack Software (shown in Figure 23).

Fie  Edt View  Sharp Tak360  Help

® 3R v IRO|
(| @ Operator Procedures | < 4 b x | [Properie: Gremstatont
£ E

‘Add Equipment Component

= @ Openn
Oper

GOIT: | T T \ S W

S o e

< >
5aved MIDAS project. Real Time: Off  Run Number Clock.

Figure 23. Defining component states in MIDAS v5.

Once a component state (object) for the scenario has been created, it will need to be
defined as illustrated in Figure 24. The states of component models can be defined
through the properties window of the component. The default state of the component is
set to true. Add a second state if you want to define a state associated with false.

18



MIDAS 5.0 Training 2/13/20

Sidebar: the geometry information will be brought in from the CAD software package if
you are using one. If you are not using a CAD package, then you can insert the XYZ
coordinate information by hand.
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Figure 24. Component states definition.

Operator List

The MIDAS simulation automatically generates a default operator. This will be labeled
Operator 1. This name can be changed by replacing Operator 1 with a name of your
choosing. This operator will be behaving inside of a crewstation and as such, will need to
be assigned to a crewstation. As shown in the figure below, the operator is assigned to the
desired crewstation by selecting the name Operator 1 in the ‘models’ portion of the
properties page, then hit return. This will add the operator to the crewstation and will
bring in the XYZ coordinate information from the crewstation. The crewstation will now
have a little ‘+’ sign beside it. If this is expanded, the crewstation will be listed here (See
Figure 25).
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Situation Awareness Model List
The Situation Awareness (SA) model is made up of three primary components; the
contexts, categories, situational elements (SEs) as illustrated in Figure 26. The situational
context refers to the operator’s goals and the task importance. The environment is broken
into SEs, the elements necessary to complete the higher-level task as defined by
required/desired to complete the goal and information accessibility. For example, for the
task “Aviate”, the SE “altitude’ is required, but the SE ‘angle of attack’ (display of the

wing angle relative to the wind to warn of stall condition; Hooey et al., 2009) i
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s desired.

Figure 26. Defining the SA model; the contexts, the categories, and the situation elements.
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MIDAS Situation Awareness Model: Information Accessibility and Data Limits

The Accessibility, Detection to Comprehension calculation, and Data Limits are designed
to expand the resolution of crewstation component design, to allow for finer-grained
resolution of the model and more accurate component testing. Currently there are two
Display Elements, which impact times to comprehension: Accessibility and Text Length

of Messages.

Accessibility

Currently accessibility has four levels [None, Low, Moderate, and High], which represent
the difficulty/time required to access a given component (see Figure 27).
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Figure 27. Current component accessibility.

Text Length of Messages
Text length is currently the only Detection to Comprehension (DTC) parameter in
MIDAS. It is accessed when a display has an attribute set to TEXT and the

EQUIP set _attribute value sets the attribute’s value in the value field. The number of
characters in the text is the parameter for calculting the DTC (Figure 28).
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Figure 28. Settings required for length of text messages to impact DTC time.
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The three components of the library of display elements and how they are planned to be
implemented in MIDAS will each be discussed separately below, followed by a brief
discussion of issues with combining multiple display elements.

Accessibility

The Accessibility is a measure of the information availability that assesses a time penalty
for information acquisition based on whether information is embedded in a deep level of
a display. Since this time penalty occurs before even detection can occur, this penalty
effectively lengthens the number of fixation to get from Undetected to Detected.

Data Limit Library

Currently, all of the data limits have three values: None, Mild and Severe. The effect of a
parameter is to “cap” the SA, making the Perception/SA of the attribute decay from
Comprehended to Detected faster (i.e. it is in LTWM for a shorter period of time,
although the slope of SA decay remains the same.) It will have no effect on the decay
from Detected to Undetected, using either WM or LTWM as shown in Figure 29.
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Y W A R Mild 0.8 None
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l". e -==--Severe
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Figure 29. Effect of data limit on perception/SA (close-up on right).

Visual and Auditory DLs

Two of the DLs, Spatial Incompatibility (Auditory) and Working Memory Load are
auditory in nature. These two will appear under the DL heading when an auditory
attribute is selected. The other seven: 3D ambiguity, Legibility, 2D Display Tracking,
Spatial Incompatibility (Visual), Symbol Unfamiliarity, Flight Path Projection, and Time
Projection will appear under the DL heading when a visual attribute is selected.

Combining DLs
For Combining DLs, take the most severe of the DLs as the effect on SA.

Changing DTCs

Data Limits depend on the actual physical properties of the display and do not need a
primitive to change Data Limits during a model run.
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Defining Operator Procedures

Operator procedures are all of the tasks that are contained within the simulation. These
include the operator primitives, operator procedures / tasks that the modeled operator will
be set to undertake, the SEEV primitives, the equipment primitives, features, animation,
user-defined, routing tasks, comments, as well as other capabilities like copy, cut and
paste (see Figure 30).
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Figure 30. Right Mouse Click in the Operator Procedures Window Brings up Procedure Eleven Definition
Choices.

Operator primitive

Right click the mouse and move the pointer to Add Operator Primitive — a little operator
primitive task node will appear (Figure 31). It is numbered as a sequential number as a
default.
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Figure 31. Adding an operator primitive into the operator procedure window.
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Double click the task primitive node and a definition page will appear (see Figure 32).
Here a name can be entered (e.g. Reach MFD). This task will then need to be tied to a
MIDAS Operator Primitive (basis of behavior). For example, Reach MFD would be tied

to OP_Reach Object primitive.
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Figure 32. Example of a task primitive definition.

Once the primitive has been selected, a number of parameters appear (see Figure 33) that
will need to be defined. The parameters are defined according to the models that have
been created in the simulation (as a default, these are all blank fields that contain pull
down options where models have been defined). These parameters include the
crewstation, the equipment, the end effector of the anthropometry (hand or foot), the
MIDAS task, the fixation point, and the SEEV fixation point priority (Figure 33). The
data that populate the parameters come from the definitions created during the model
development process. An example of the kinds of data that can be entered from these
pull down menus can be found in Figure 34. The SEEV priority definitions can be found
in Figure 35.
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Figure 33. Parameters that appear when an operator primitive is created.
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Figure 34. Example of the data that can be selected from the pull-down menu.
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Figure 35. Example of the SEEV importance setting on the operator primitive assignment.

Operator Procedures

It is also possible to nest tasks together to create a “procedure”. When the operator
procedure is selected, a new window appears where you can link multiple operator

2/13/20

primitives together to create a procedure. The top-level procedure will inherit the name
given to the lowest level task. The procedure illustrated in Figure 36 is one that is a push
and release procedure that is made up of a ‘reach object’ followed by a ‘push object’
(Figure 37). The reach object uses the Welford version of Fitt’s Law while the small hand

movement uses Shannon’s version of Fitt’s Law.
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Figure 36. Creating an operator procedure (comprised of an embedded network).
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SEEV Primitive

SEEV primitives bracket a task set (to drive the attention model around the environment)
or to define the fixation points required of the attention model (Figure 38, Figure 39).
][
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Figure 38. Parameters to define when using a SEEV primitive.
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The screen snapshot in Figure 39 illustrates the FP selection and the required parameters
to drive the eyeball around the environment. This particular snapshot ties the SEEV fixate
to the crewstation] because that is where FP1 is located.
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Figure 39. Parameters required for a SEEV fixation point.

Equipment Primitives

Equipment primitives are definitions that are provided to the CAD model in the
crewstation. Equipment refers to all of the elements that change inside the cockpit as a
function of the vehicle movement in the environment (e.g. displays, levers, dials, buttons,
knobs, switches, keyboards, input devices, etc.). In order to define the equipment, add an
equipment primitive (see Figure 40).
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Figure 40. Parameters to define when setting / adding equipment primitives to the operator procedures
network.

Then tie the appropriate equipment primitive to the equipment task created in the above
step. The equipment primitive can be set to test attributes defined in the components of
the crewstation (e.g. visual attributes). All definitions are available through a pull down
menu (see Figure 41, Figure 42).

e Set Attribute value — this option allows a value to be set and upon which the visual
attention model will compare against for driving the attention based on the salience of
information. See the two figures below that illustrate the settings required to complete
this set of embedded tasks.

e Set component accessibility — this option allows for the accessibility of information to
be modified which in turn impacts the SEEV attention model.

e Set default state allows the MIDAS attention model to decide on whether information
is changing rapidly or slowly (this influences the bandwidth, which in turn impacts
the rate at which MIDAS attention decides to look at the information).
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Figure 41. Parameters to define when setting attributes using the attribute primitive on a crewstation
component.
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Figure 42. Parameters to deﬁne when setting Value attribute on a crewstation component.

Feature Primitives

These are items that are defined in the environment, they are external to the MIDAS
crewstation elements — items such as external signage, runways, other objects). To set
these features of an environment, define the features in the environment by going to the
environment node. Click on the + sign beside the feature in the properties window and
populate the desired features (attributes can be placed on these as well) (see Figure 43).
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Figure 43. Parameters to define when adding features to an environment.

Once you have defined a set of environmental features, the model can use these in
assessing whether features meet a criteria upon which to perform a desired set of actions.
Select the features primitives from the available options using the right mouse click (see

Figure 44).
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Figure 44. Accessing the features primitive from the operator properties window.
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Once a features primitive has been placed in the task network model, criteria can be
defined. In the current case, the feature is the feature that has just been placed into the
environment and the attribute is the ‘previously-defined’ attribute (visual attribute 2). A
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value is placed into the text slot, and a salience value is assigned (reminder, salience

drives the operator attention) (see Figure 45).
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Figure 45. Parameters to define when using Features in the properties window.

The animation primitive is used in concert with the CAD model to define times when the
model is available/viewable in the environment (e.g. a display that becomes active at a
specific altitude). The parameters of Figure name and whether the figure is shown or
hidden is defined in the Animation Primitive definition page
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Figure 46. Parameters to define when using an animation primitive.

User Defined Primitive

An user defined primitive is used when no primitive model exists that can be used to
represent the activity desired by the model analyst. For instance, “walk” is one such
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primitive that is not contained within the base MIDAS models. A walk primitive would
need to be populated with empirically determined data in terms of the amount of

workload this requires, and amount of time per step (or at the desired level of fidelity),
the SA (see Figure 47).
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Figure 47. Setting an user-defined primitive.

Routing Task

A commonly used task in MIDAS is the routing task. This task is used to define the path
that the model should logically follow when the model nodes are linked together. As a
default, the routing task will show the user the information as illustrated in Figure 48.
This figure illustrates that the user will be able to enter release conditions, beginning
effects, ending effects, and launch effects.
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Figure 48. The routing task (main tab and properties).
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The timing tab shows the place that the user enters task times (means and SD) (Figure
49).
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Figure 49. The routing task (timing tab and properties).

A routing task is dropped into the Operator Procedure window and a set of tasks is
created from that routing task. The user creates a path between the routing task and the
first operator task by pressing the left mouse button on the routing task and dragging the
cursor towards the operator task. A path will be generated. Repeat this process for the
second routing task. When the second path is created (and for every subsequent path), a
decision task node (diamond shape) will appear. The default of this decision node is to
multiple (meaning all routing tasks will fire), but tactical and probabilistic are options as
well. The paths are defined according to the number of paths that go out of this routing
primitive (see Figure 50). If four paths exit this routing primitive and each has an equal
probability of success, then the probability will be 0.25 for each path (which represents
25% or Y4; see Figure 51). When the MIDAS simulation operates in Monte-Carlo
simulation mode, this routing task logic and its percentages becomes critically important.
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Figure 51. Path definitions in the path tab of the routing task.

Task dependencies can also be entered here in the queue tab. First a queue type is

selected, whether it is FIFO, LIFO, none, or sorted. The queue is defined as a variable in
the model. Logic of the queue defined how long the queue strong needs to be before the
task fires. In addition, the queue priority, and queue duration are defined here (see Figure

52).
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Sidebar: To search for a model definition state, an object, or any piece of the model
within a complex model (that possesses multiple layers), bring up the search functionality
by CTRL F. Typing Control F will bring up a search window over the code output

window as illustrated in Figure 53.
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Figure 53. The MIDAS search feature.
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Chapter 3: To Run a MIDAS Simulation

1. Open Midas and select your desired .midas file
. Open MicroSaint Sharp and select your desired .saint file
3. Press the play button (Control+G) in Midas. This will open Sharp Talk 360 (see
Figure 54).
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Figure 54. First step to run a MIDAS model: screen illustration of starting a MIDAS simulation and Sharp
Talk being launched.

4. In the Midas toolbar, select Sharp Talk 360 drop down menu > Connect (see
Figure 55).
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Figure 55. Second step to run a MIDAS model: Screen illustration of the steps required to activate Sharp
Talk.
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5. In the MicroSaint Sharp toolbar, select Sharp Talk 360 drop down menu >
Connect

= Micro Saint Sharp Gold: Land_and_Taxi_FAA_Task_3.saint
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Figure 56. Third Step to run a MIDAS model: connect MIDAS to Sharp Talk.

6. You should now see that both Midas and MicroSaint Sharp are connected in the
output box of Sharp Talk 360 — Host (see Figure 57).
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Figure 57. Fourth step to run a MIDAS model: Sharp Talk display of successful connection between
MIDAS behaviors and Sharp's environment.

7. Select the time management upper tab in Sharp Talk 360 — Host and Press the
blue play button in the control box on the top left (see Figure 58).
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Figure 58. Fifth step to run a MIDAS model: starting the MIDAS model (from the Sharp Talk window).
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8. The simulation has now been initiated. It usually takes about 30 seconds before
you can see the runtime processes in the MicroSaint Sharp Window. Figure 59
illustrates the runtime processes that commence.
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Figure 59. Sixth step to run a MIDAS model: Sharp Talk activated.

SharpTalk 360 — Host is used to control the simulation. You can pause it, stop it, step
through it, speed it up, slow it down, etc. If the trace box is checked in the output box of
SharpTalk 360, you will see a dynamic list of tasks on the right side (above the clock).
Depending on your model, typical time from start to finish is about 15 minutes. Next we
will see what the data look like.

Side bar: don’t leave the folder open where your Midas file is during simulation
because it can cause the simulation to crash.

Side bar: the simulation will run about 50% faster if you minimize the MIDAS and
SAINT windows because it doesn’t have to load the gui’s.

To Run a Monte Carlo MIDAS Simulation
1. Open MIDAS and select Initial routing task (e.g. Set Number of Runs & Other Settings
(75), see Figure 60)
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@ Operator Procedures |

Open During Runs (108)

Approach Control First Task (33) 40>

»# Scenario ldentification (114) 9

Captain's First Task (10) 44>

{ Set Number of Runs & Other Settings (75)

Contexts

ATC Scan Pattem (103)

Approach Control Procedures (101)

Tower Procedures (35) P Ground Control Prc

T

Run Number Information

>} Context Specific Task Settings (CA) (92) 4
—\ > Context Specific Task Settings (FO) (34) 4

t" IMC vs VMC and Context Changers (97) 9

>E Descent (48) B
> A hi

First Officer's First Task (11) >

rapponci)

=

S First Officer Scan Patter (FP) (67)
1 Init Jack (31)
. FO - Probes and Alerts (116)

Figure 60. MIDAS initialization settings in the first routing task.
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2. Adjust NumberOfRuns by retyping your desired number of runs and change comment
to usually 1. A typical number for monte carlo runs is 10 (see Figure 61).

Note: do not adjust this anywhere else in MIDAS.

Main | Tining | Paths | Queue | Appearance and Notes |

IV Task Data Collection Enabled:
B Release Condtion

1 return true;

Beginning Effect

1} NuwberOfRuns = 1; //Usually 10
if LEntirty Entirglotivity Onerator MNare.CompareTo ("Captain®)
RunMurber = Entity.EntityActivity.Operator.Scenario.RunNwmber;
RunToTDonly = true;

3

4

5

6 //Set the Scenaric Type here
7. //RNAV_NP=true;

8! RNAV_UP=true;

9 //VCSPA_800=true;

0; //VCSPA_200=true;

1

2

Wind_Condition High=false:

14 RNAV=false;

15. if (RNAV_NP) RNAV=true;
16 if (RNAV_UP) RNAV=true:
17; VCSPA=false:;

18 if (VCSPA_800) VCSPA=true;
19 if (VCSPA_200) VCSPA=true:

1

22, IMCstate=false; //not really a setting.
23 WVMode = true:

24 PRNComprehended = false:

25

26 //additional variable resets

27 Aircraftlcquired CA = false;
28  Aircraftlicquired FO = false;
25 Runwayhcquired Ch = false:
30 Runwaylcouired FO = false;
31, TouchDown = false;

32 Bypass_Descent = false:;

33 FOSetshltitude = O;

34, //ScenarioType="CurrentDay";//previously High, Medium or Low
35 //ScenarioType="Augmented"”; //previously High, Medium or Low
36 //ScenarioType="CurrentDay"; //previously High, Medium or Low

//run to Touch Down only or all the way to gate.

0) Entity.Entityhctivity.Operator.Scenario.RunNurber++;

This is an initial condition

Figure 61. Settings for entering Monte Carlo simulations runs.
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Manipulating MIDAS Scenarios
1. Open MIDAS and select Module: Set Number of Runs & Other Settings (75) (see

Figure 62).
]|/ & Gperator procedures |

g ATC Scan Pattern (103)
B 3 Approach Control Procedures (101)
Open During Runs (108) Approach Control First Task (33)_ 0>

Tower Procedures (35) 4~ Ground Control Prc

1
> Scenario ldentification (114) 4 Coppn P LIt
CETTIEITTIR ) a—
Init equip (51)
( Set Number of Runs & Other Settings (75) Init Jack (32)
Contexts
> CA -Probes and Alerts (115) 4
stooporatoro-7S)—4d 7

—————————>p Context Specific Task Settings (CA) (52) 4
Run Number Information = >p Context Specific Task Settings (FO) (34) 4

t} IMC vs VMC and Context Changers (97) 4

>E Descent (48) B
| —1 N s

»p Approach |

First Officer's First Task (11) >
Lar

[~—|-—>F First Officer Scan Pattem (FP) (67) 4
1 Init Jack (31)

[/ —>$FO-Probes sndAlrs (116)_§
Figure 62. Manipulating an existing MIDAS scenario.

1. Adjust code in beginning effect box (see Figure 63). To turn something off, type
two “/” marks consecutively to comment it out. To turn something on, delete the
two “/” marks

[V Task Data Collection Enabled:
. FRelease Condition

1. return true;

- Beginning Effect
1] NumberOfRuns = 1; //Usually 10

2 if (Entity.Entitydctivity.Operator.Nawe.CompareTo ("Captain™)==0) Entity.Entityi
3 Runiumber = Entity.Entitylctivity.Operator.Scenario.RunNuaber;

4 RunToTDonly = true; //run to Touch Down only or all the way to gate.
S

6 //Set the Scenario Type here

7 //RNAV _NP=true:

5 RNAV_WP=true;

9 //VCSPA 800=true;

10; //VCSPA_200=true;

11

12: Wind_Condition High=false;

13

T4 RNAV=Talse;

15, if (RNAV_NP) RNAV=true;

16; if (RNAV_WP) RNAV=true;

17, VCSPA=false;

if (VCSPA_800) VCSPAi=true;
if (VCSPA_200) VCSPA=true;

bR
VoM

Figure 63. Example of turning off simulation settings in C Sharp in MIDAS.
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Manipulating SAINT Scenarios
1. open microsaint sharp and double click on Initialized variables (subnetwork 305 in
Figure 64) .

Bandwidth Generator (375)

Initialize Variables Define Sign and Runway Locations Initialize Aircraft Send Initial Locations to MIDAS
(305) (306) (307) (309)

P

Update Animator
(301)

1&)

Halt (369)

H Update Aircraft Positions (304) >

Do Another Run? (302) 4>

AAB33 Set mode in task
AT (A8 Initialize Variables
Modes are:

Probability of Vortex Event
Probability of Blunder Event
Force a Vortex Event

Force a Blunder Event
Current settings are:

Figure 64. Example of Saint Scenario definition and modification.

2. Adjust code in the ending effect box. Comment it out to turn it off (remove the two “/”;
Figure 65)

@l Animator | @ Animator3D | 9§8 Task Metwork | %3 Event Queue /' @lInitialize ¥...bles (305}

Main |Timing| Paths | Quwel Appearance andNntesl

V' Task Data Callection Enabled:
. Release Condition
1. return true;

. Beginning Effect
1 FeetPerPixelX = 16.7; // Scale for the animator background.

2: FeetPerPixelY = 18.5; // Scale for the animator background.
3: LocationUpdatePeriod = 1; //How often position updates are sent to MIDAS
4! RunMurber++;

5! Entity.Tag = 1;

6

7. if (DoAnotherRun.CompareTo("true")

8 {

9 Model.Stop ("Tag"”,Entity.Tag) ;

10 DoinotherRun="false";

1o 4

1z

13

14

15

[ Ending Effect
T
4 //‘AConRunway_SDD = true;
//AConRunway_150 = true;

4
5. //Decoupling 1000 = true;
6: //Decoupling 700 = true;
[7: //Decoupling S00 = true;
=
=

Wind Condition High = false;

11, if {(AConRunway_500)
12 {SharpTalk360.Trigger.CommEvent {"AConRunwayilt™, "S00") ;}
13, if (AConRunway_150)
14: {SharpTalk360.Trigger.CormmEvent ("AConRunwayAlt™, "150") ;}

16: if (Decoupling_1000)

17: {SharpTalk360.Trigger.CormEvent ("Decouplingilc™, "1000") ;}
15, if (Decoupling_ 700)

19! {SharpTalk360.Trigger.ComEvent ("DecouplingiAlc®, "700") ;}
z0: if (Decoupling_500)

21: {SharpTalk360.Trigger.CommEvent ("Decouplingdlt™,"500") ;}

Figure 65. Illustration of commenting out code in Sharp.
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Chapter 4: Models Contained Within MIDAS v5

MIDAS Attention

MIDAS represents attention as a series of basic human primitive behaviors that carry
with them an associated workload level determined from empirical research [9,10,11].
Actions are triggered by information that flows from the environment, through a
perception model, to a selection-architecture (that includes a representation of human
attention loads), to a task network representation of the procedures that then feeds back
into the environment. Actions carried out by the MIDAS operator impact the
performance of the model in a closed-loop fashion. The Salience, Effort, Expectancy, and
Value (SEEV) of information in an environment (Gore, Hooey, Wickens, & Scott-Nash,
2009) drive the allocation of attention that allows for dynamic scanning behaviors in
MIDAS. SEEV estimates the probability of attending, P(A), to an area of interest in
visual space, as a linear weighted combination of the four components - salience, effort,
expectancy, and value. Attention in dynamic environments is driven by the bottom-up
capture of Salient (S) events (e.g., a flashing warning on the instrument panel) and
inhibited by the Effort (E) required to move attention (e.g., a pilot will be less likely to
scan an instrument located at an overhead panel, head down, or to the side where head
rotation is required, than to an instrument located directly ahead on a head-up display
(HUD) (Wickens, Goh, Helleberg, Horrey, & Talleur, 2003).

MIDAS Perception

MIDAS represents perception as a series of stages that information must pass

through in order to be processed. The perception model includes visual and auditory
information. Visual perception in MIDAS depends on two factors — the amount of time
the observer dwells on an object and the perceptibility of the observed object (Gore,
Hooey, Wickens, & Scott-Nash, 2009).

The perception model computes the perceptibility of each object that falls into the
operator’s field of view based on properties of the observed object, the visual angle of the
object and environmental factors. In the current implementation of MIDAS, perception is
a three-stage, time-based perception model (undetected, detected, comprehended) for
objects inside the workstation (e.g., an aircraft cockpit) and a four-stage, time-based
perception model (undetected, detected, recognized, identified) for objects outside the
workstation (e.g., taxiway signs on an airport surface). The model computes the upper
level of detection (i.e., undetectable, detectable, recognizable, identifiable for external
objects) that can be achieved by the average unaided eye if the observer dwells on it for a
requisite amount of time. For example, in a low-visibility environment, the presence of an
aircraft on the airport surface may be ‘detectable’ but the aircraft company logo on the
tail might not be ‘recognizable’ or ‘identifiable’ even if he/she dwells on it for a long
time.

MIDAS Memory

Tasks from the MIDAS input process also require knowledge held either in the operator’s
memory (working, long-term working, and long-term) or available from the environment
to be consulted and used to determine subsequent tasks to be completed (Gore, Hooey,
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Wickens, & Scott-Nash, 2009). Memory in MIDAS is represented as a three stage, time
decay model (Gore, 2011). The stages are working memory (WM), long-term working
memory (LT-WM), and long-term memory (LTM). The decay rates cause memory to be
above or below a “retrievability” threshold based on the time since the information was
last accessed. The retrievability thresholds incorporated into MIDAS are 5 seconds for
WM and 5 minutes (300 seconds) for LT-WM. The WM decay rate is faster than the LT-
WM decay rate. Information that falls below the retrievability threshold is forgotten.
This causes the perception level to be set to Undetected for external visual and auditory
information or Unread for internal visual information. Newly perceived and recently
refreshed attributes will be retained in LT-WM only if a node with newly updated or
referenced attributes leaves WM before its attributes have decayed below the
retrievability threshold. An operator may retain newly perceived information after it
leaves WM, at least for a while, until it decays below the LT-WM retrievability
threshold. If the information necessary for activity performance is available, and its
priority is sufficient to warrant performance, then the schedule within the model operates
according to heuristics that can be selected by the analyst. In most cases the heuristic is
to perform activities concurrently when that is possible, based on knowledge and
resource constraints.

Implementation of SEEV in MIDAS - Overview

The integration of SEEV into MIDAS allows dynamic scanning behaviors by calculating
the probability that the operator’s eye will move to a particular area of interest (AOI)
given the tasks the operator is engaged in given a multitask context.

Areas of Interest

In the parlance of MIDAS, AOIs are fixation points. In the land and taxi model,
examples of AOIs are Internal Fixation Point Near PFD or External Fixation Point at
Front Left Window.

An AOI could be an individual display such as an altimeter or as in the land and taxi
scenario the fixation points could be at the screen display level, as in the Primary Flight
Display or Navigation Display. It depends on the question the analyst is trying to answer.
The analyst should set the fixation points appropriately to the question and level of detail
required by the analysis.

SEEV Components
These are Salience, Effort, Expectancy and Value. These are explained in more detail
below.

Salience

Think of the salience of events as properties that can be measured physically.
e The loudness of an utterance but not the content of the utterance
e The frequency of flashing
e The color of an indicator
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An example of salience could be a proximity indicator on the navigation display that
flashes when another aircraft comes too close.

An important guideline is to always think about salience in the context of a salient event.
In MIDAS, delay between a salient event as defined by the analyst and the first fixate on
the display that exhibited the attribute change related to that event is reported. One
important implementation detail in MIDAS is that because MIDAS has a perception
model unlike previous SEEV implementations, the delay is specifically timed to the point
at which perception exceeds ‘Undetected’. In other words, the end of the fixate primitive
as opposed to the beginning is the trigger for considering a salient event mitigated.
Simple heuristics aid the analyst in setting the salience level. e.g. 1 = change with no
luminance increase, 2 = change with luminance increase, 2 = change in position, 3 =
change in position and luminance increase, 4 = repeated onsets (flashing) (see Figure 66).

¥ MIDAS: landandtaxi_3.4.midas lC' =)
File Edit Execution View Help
. r . |
EEREEC I
@ o Operator Procedures | [l Taxistraight (7)€ Set Highli..ute_value | vd4b X w
wv =
a A @
= || Name: [Set Highlight of UAL_543 Highlight - ID: = 2
= on FO EMM =
[t
Primitive:  EQUIP_set_attribute_value - *g
Parameter Value Notes 2 .
attribute i Highlight g,
crewstation CockPit = ==
equipment Right_EMM_ND =0ga
SEEV_Salience 2 1 = change with no luminance increase &
value Violet 2 = change with luminance increase or change in position = =
. 3 = change in position and luminance increase g =S
4 = repeated onsets flashing) = ‘r

YB1YBIH £bS

Saved MIDAS project. Real Time: Off Run Number: Clock: 34.70905
Figure 66. Salience heuristics to aid the analyst are displayed as a tool tip from the notes field.

Effort

Effort impacts the likelihood of traveling from one AOI to another. Effort is the only
inhibitory factor in the SEEV equation.

In MIDAS an Effort rating between 0 and 1 is calculated for each AOI relative to the
currently fixated AOI and is based on the angular difference. Any AOI that is 90 degrees
or more from the current AOI is set to the maximum. Any AOI that is less than 90
degrees is divided by 90 degrees.

Before the SEEV calculation is run, effort is normalized between 0 and 1 by subtracting it
from 1. So if the captain is currently fixating the PFD, then the angle is 0 and effort is 1.
The captain will not be as likely to look away from the PFD. Likewise, the angle from
the PFD to the left window is around 75 degrees and the effort is around .2. The captain
will be less likely to turn from the PFD to the window.
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Expectancy (Bandwidth)

Expectancy is described as the event frequency along a channel (location) or as
bandwidth. An example from the Wickens’ literature is the frequent oscillation of
attitude of a light plane when encountering turbulence. The pilot expects the horizon line
on the attitude indicator to be jumping about wildly. Because of this, he’ll be watching it
closely.

In comparison to the attitude indicator is the altimeter during a controlled descent. The
pilot expects it to be dropping down at a constant rate and therefore has a low expectation
of seeing changes in descent rate. At least until they get close to the ground at which
point Value escalates. One guideline we can take away from this example is that when
the rate of change is constant, then the bandwidth or frequency of oscillation is zero.

In SEEV applications, bandwidth (or event rate) is always used as a proxy for
expectancy.

In MIDAS, Expectancy is implemented as a SEEV primitive (see Figure 67).
Expectancy can be set for each operator in the model at any time. However, each

successive expectancy setting overrides the previous one for the given operator.
¥ MIDAS: landandtaxi_3.4.midas lD B |-

Eile Edit Execution View Help

EEEEC IR e

> ofp Operator Procedures /[l TaxiStraight (7) [ >4 b X |8

—
- =

Q

Expectancy_FO (7_80) ==

SEEV_Expectancy
Context'is TaxiStraight (7_7)-52, M

) OP—set-context " 1

< n »

suonoa

FO's Path (7_8) ¢

saljsadold E MBIA 29

Saved MIDAS project. Real Time: Off Run Number: Clock: 34.70905

Figure 67 - Expectancy as a SEEV primitive.

The user sets expectancy for each AOI to a number between 0 and 6. Before the SEEV
calculation is run, expectancy is normalized between 0 and 1 by dividing by 6. (See
Figure 68 for an example on entering this information into the SEEV spreadsheet in
MIDAS).
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Name: [Expectancy during SOIA Descent - CA

Primitive: SEEV_Expectancy v

Parameter Value
crewstation CockPit

Arez Of Interest Expectancy v| a
Fixation_Point_Near_FarLeftPFD
Fixation_Point_Near_Left_MFD
Fixation_Point_Near_Mode_Control_Panel
Fixation_Point_CDU_CA
Fixation_Point_Near_Upper_EICAS
Fixation_Point_Near_Right_MFD
Fixation_Point_Near_FarRightPFD
Left_Window

Front Left Window

S N = I I -}

Figure 68 - An example of setting Expectancy for First Officer.

Value (Importance)

The level of Value denotes the importance of attending to an event or task or the cost of
missing it. An example from the Wickens’ literature is that in the context of driving, lane
keeping is arguably more important than dealing with an in-vehicle navigation system.
Selecting a radio station is the least important. Hence the value of the outside fixation
necessary for lane keeping is > value of a head down fixation on the navigation system
which is > value of fixating the radio (e.g., values 3,2,1). In land and taxi, avoiding an in
air collision on approach is more valuable than maintaining heading and speed.

In Wickens’ approach, the sum of the product of the task value and the relevance of each
AOI to the task is used to compute the value (importance) of the AOI (see Table 1).

Table 1. Table of Importance Values for Populating the SEEV Parameters.

Importance of AOI to task
Task Task | front window left window near PFD near ND
Value

Avoid .8 .6 4 0 0
collision
maintain 2 .1 1 4 4
speed /
heading

Value of AOI =(.8*.6)+(.2*%.1) | =(.8*.4)+(.2*1) | =(.8*0)+(.2*.4) | =(.8*0)+(.2*.4)

5 .34 .08 .08

In MIDAS, Value is implemented using SEEV primitives in order to bracket sets of
primitives. In the example illustrated in Figure 69, two task sets are running in parallel
and happen to begin and end at the same time although beginning and ending at the same
time is not a requirement. The SEEV calculation considers all tasks sets that are active
until they are explicitly ended by a SEEV end task set primitive.
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%, MIDAS: landandtaxi_3 4midas —  E— T T B - B
F

ile  Edit Execution View Help

EEREECI T

(||~ o operator Procedures | [l Taxistraight (7),” Wl Land (52) | vd4bx
i = z - =
g"- ownship status during land - FO (52_23) ) OTWland FO (52_24) =a)

a SEEV_START _Task_Set / /7 SEEV_END_Task_Set 7

~PFD (52_4) =)
ption_test_component ownship land FO (52_26) =2\
SEEV_END_Task_Set / B
Call out 100 feet (52_6) == M
_________________/

“OP_say_message

Monitoring OTW during land - FO (52_22) =2
SEEV_START _Task_Set 124

FOs path (52 8) A~

<« n = »

Saved MIDAS project. Real Time: Off Run Number: Clock: 34.709505

Figure 69 - SEEV Task set encapsulating a set of MIDAS primitives

For each set, the user sets an overall importance. In the example in Figure 70, monitoring
out the window is of high importance to the primitives bracketed by the Monitoring OTW
during land — FO task set.

\ELERICA - SOIA Descent "Aviate” 0

Primitive:  SEEV_START_Task_Set -

Parameter Value

High -

Area Of Interest Relevance of AOI to task set -
Fixation_Point_Near_FarlLeftPFD

6
Fixation_Point_Near_Left_ MFD 0
Fixation_Point_Near_Upper_EICAS 1
Fixation_Point_Near_Right_MFD 0
Fixation_Point_Near_FarRightPFD 0
0
0
0
0

Task Importance:

Left_Window
Front_Left_Window
Right_\Window

Front Right Window

Situational Element | Reguired or Desired -
NASA227Altitude None

NASA227Speed None
ACBlunderColorFromSharp None
WakeVortexColorFromSharp None
NASA227Heading None
TOGAAlertFromSharp None
DoAnotherRun None
NASA227AltitudeSetting None
VisibleOnRunway None ai

Figure 70 - Example of starting a SEEV task set

The user can indicate a relevance using a number between 0 and 6 for each AOI in the
task set. In addition, the user can specify none (0), low(1), moderate(2) and high(3)
importance rating for the entire task set. Before the SEEV calculation is run, the task set
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importance is normalized between 0 and 1 by dividing by 3 and dividing by 6 normalizes
the relevance.

Equation and Coefficients
The SEEV equation can be found in Equation #1:

Equation 1. SEEV equation.
P(AOI) = s*S —ef*EF + (ex*EX + v*V)

The EF, EX and V parameters drive the eyeball around the displays. However, if a
salient event happens, then P(A) is may be offset by the AOI exhibiting the salient event
until the time that that AOI has been fixated.

Wickens suggests that these weightings are TBD but that they should be part of the
MIDAS immutable parameters that are reported but not changeable by the analyst. They
should be the same for all MIDAS type models.

In the MIDAS implementation, Expectancy, Effort and Value are all values between 0
and 1 as explained above. Salience is unconstrained. The implementation of the SEEV
equation in MIDAS can be found in Equation #2.

Equation 2. SEEV Implementation in MIDAS

P(AOI) =S + 25*EF + EX + V

Equation #2 is calculated for each AOI across all tasks the captain is performing. As an
illustration consider the following likelihoods. The sum total of all likelihoods is
calculated which is 2.1 (see Table 2).

Table 2. Likelihood of Sampling the AOI in a Scenario.

AOI Likelihood | Sum
PFD .8 .8
ND 6 1.4
EICAS 3 1.7
Left Window 2 1.9
Front Left Window 2 2.1

Next a random number between 0 and 1 is selected and multiplied by the total (2.1) to
produce a threshold (see Table 3). Again as illustration for multiple sequential fixations
this might turn out to be the following.
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Table 3. Random Number Assignment of Visual Fixation Likelihood.

5 Sequential Fixates | 2.1 * a number between (0 and 1

(threshold)

3

1.2

1.8

5

DB (WIN|—

9

Finally, the AOIs continue to cycle until the sum of the likelihoods surpasses the

threshold (see Table 4).

2/13/20

Table 4. Example of the Random Number Comparison to the Sum of Likelihood to the Threshold.

5 Sequential Fixates | AOI fixated
1 PFD
2 ND
3 EICAS
4 PFD
5 ND

This sequence illustrates that AOIs with a higher likelihood are fixated more often
because a random number is more likely to land in their larger portion of the sum of the

SEEV values.

A note on Effort

In order for this algorithm to work, the SEEV equation must result in a number 0 or
greater for each AOI. The only way that can happen is if effort is subtracted from the
equation and if effort is greater than salience, expectancy and value. Therefore, effort
must be a value between 0 and 1 as well. To do that, instead of subtracting effort, we
subtract effort from 1 and add it to the equation. Hence AOIs that are near the current
AOI have a greater SEEV value than AOIs farther from the current AOI if salience,

expectancy and value are equal.
Integration with Current Models

Scanning

Currently in MIDAS, a scan procedure can be built from fixate primitives through

implementing probability or decision logic to drives the fixation pattern/sequence. SEEV
is selected at the simulation level (from the simulation node). If SEEV is enabled then
user-entered fixate primitives will be skipped. Instead, the SEEV Fixate primitive for
each operator will be used. The SEEV model is called at the end of each SEEV Fixate.
The timing and task load of the SEEV fixate is exactly the same as for the non SEEV
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Fixate. In this way, the user doesn't have to build two different models to if they want to
flip back and forth between attention guiding mechanisms (see Figure 71).

€., MIDAS: landandtaxi_3.4.midas =uli(E)

File Edit Execution View Help

[(@ARam@Eive o

(3|~ @ Operator Procedures | (@l Taxistraioht (7) | @ Land (52) /W@ First Offic...attern (2) v 4 b x | |Eiopemissl S SUEEERAIX] Tree View v
v A /} | ‘ =@ Simulations
=3 w = B User_Simulation_1
3 SEEV Fixate is enabled when SEEV Flag is on B dentification o
= Q All non-SEEV Fixates are disabled L Name User_Simulal B Envionmert: Mides
Models -
SEEV Fixate (2_43) =2 CrewStation: @ Oporom: Coptan.
> eV frate ) M Crowstation wStation: | Exlemal Coreciors
® ist
Operators Operat "":‘i - Crewstation List
- Vehicle Vehicle: NAS ® e Operator List
B Notes (@) Stuation Awareness Model
Notes i -4 Prmitives
E Runtime Settings - Vehicle List
Animate Simulation  False @ Functions
Tue  [=]| ) @ Variables
Number of Runs 1
...................... Runtime Chating ~ False
Branch on context (2_31) cruise & descent (2_45) $da_y, (FO'S PFD (2.32) Gaygy || Smulation Time Incn 100
s B Simulation To Execute
Is Primary Simulation True
land (2_33) |y FO"S ND (2_35) 'z
fixate
rollout (2_34)
] B —— Enable SEEV
tumoff (2_42) ~ETCAS Upper (2_38) &2, ||| Attention guiding model Salience.
- - ) ~OP fivate 3 Effort, Expectancy and Value. Over... o
] ’
Saved MIDAS project. Real Time: Off Run Number: Clock: 34.70905

Figure 71. Illustration of the Probabilistic and the SEEV Model in the Same Operator Procedure Model.

Situation Awareness (SA) Model

From the point of view of the code base, the SA model is independent of SEEV.
However, the SEEV driven scanning pattern will directly impact SA since SA is
dependent on perception and perception is dependent on scanning. One important note is
that in this version the memory model is operational and does affect the SA model.
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The MIDAS Situational Awareness Model

Situation Awareness and its Interaction among Cognitive Models in MIDAS
Situation Awareness (SA) is tied to operator perception, attention, working memory
(WM), long term working memory (LTWM), and long term memory (LTM). The same
is true for the MIDAS modeled operator. MIDAS WM decays over 10 seconds from
comprehension of perceived information and LTWM decays over a total of 60 seconds
from comprehension. It is important to note that the LTWM decay actually starts from
the time of Comprehension, so it takes 50 seconds to decay from Detected to Undetected.
The decay function of SA is based on the following five assumptions:

(1) Current thinking is that the loss of information in SA can be approximated by the
decay function of LTWM (Ericsson & Kintch, 1995; Wickens, 2008; Durso
Rawson & Gerrato, 2007). This has a rate of forgetting somewhere between the
rapid decay of WM, and of the slow decay of LTM.

(2) The exponential decay rate, characteristic of all human memory systems can be
closely approximated by two linear functions, as shown in Figure 75, such that the
knee of the curve approximates the time constant of a linear decay.

(3) The particular choice of where the knee (discontinuity) of the function lies is
based on SAGAT SA data (Gugerty, 1998). In this study, it was found that the
accuracy of SAGAT query responses in a driving simulation, declined by
approximately 25% when, on average, such queries were responded to 7 seconds
following the screen blanking characteristic of SAGAT administration. We note,
on the green line on the right side of the figure, that the two parameter (slope)
function approximates this value.

(4) The slope of the LTWM decay function at approximately 20% accuracy/20 sec
delay is replicated in a second unpublished study (data provided by Gugerty).
Using a similar paradigm to that examined in Gugerty (1998), three SAGAT
delays (7 sec, 17 sec and 27 sec) were imposed, with these showing respective
accuracies of 80%, 70% and 60%, yielding a near identical slope to Figure 75.

(5) While these particular values establish the reliability of the LTWM decay slope
estimate, they can serve to position the knee of the curve at a slightly higher
accuracy (and shorter time). A combination of the two sources might place the
knee at 7, rather than 10 seconds.

Figure 72 provides an example of the output from the MIDAS FixationChanges report of
a simple model that exercises the different decay rates.

IZI_] MIDAS_FixationChanges_runlofl.4DC97063.csv [Read-Only]

4] A B C D E F G H

| 1 |RunNumbTime Duration Context Operator Int/Ext Fixation Point

| 2 0 0.6 0.432334 Contextl Operatorlinterior Fixation_Point_1
3 0 2.9 0.279294 Contextl Operatorlinterior Fixation_Point_2
4 0 3.3 0.176795 Contextl Operatorlinterior FP_EmptySpace

Figure 72. MIDAS FixationChanges Report for simple model

The MIDAS Situation Element Accessibility and Perception report presented in Figure
73 shows that the Perception of the Attribute Component 1 reaches Comprehension (a
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value of 1 reached on line 6). It then decays in a linear fashion such that after 10 seconds
the perception is at a value of 0.5, still above the Detection threshold but no longer above
the comprehension threshold. The Attribute further decays linearly for another 50
seconds (60 seconds total from Comprehension) to a value of 0, corresponding with
Undetected. In the second case (Component 2), the SA of the Attribute reaches Detection
before the Operator looks away. The SA then decays linearly from 0.5 (Detected) to 0
(Undetected) over the course of 10 seconds.

@] MIDAS_Situation_Element_Accessibility_and_Perception_Operatorl_runlofl.4DC97063.csv [Read-Only]

A B C D E F G H 1
1 Operator: Operatorl
2 RunNumb Time Context Situation Component Accessibi State Perception level
3 0 0.3 Contextl SE_1 Component_1 High default UNDETECTED
4 0 0.3 Contextl SE_2 Component_2 High default UNDETECTED
5 0 0.5 Contextl SE_1 Component_1 High default DETECTED
6 0 1.4 Contextl SE_1 Component_1 High default COMPREHENDED
7 0 2.8 Contextl SE_2 Component_2 High default DETECTED
8 0 12.7 Contextl SE_1 Component_1 High default DETECTED
E 0 13.3 Contextl SE_2 Component_2 High default UNDETECTED
10 0 62.7 Contextl SE_1 Component_1 High default UNDETECTED

Figure 73. MIDAS Situation Element Accessibility and Perception Report for a Simple Model.

The results of the previous report are shown in Figure 74. This graph demonstrates that
without additional fixations, the perception decays as expected with the decay rates
outlined.
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Figure 74. Decay rates for WM and LTWM.
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The two-slope linear model of decay
SA decay in MIDAS v 5 is dynamic over the course of a simulation; no longer operating
according to a step function (Figure 75), and is mapped to the decay in Perception.

2/13/20

1
—Step
0.8 — Linear Decay
0.6
0.4
0.2
0
0 10 20 30 40 50 60
Time

Figure 75. Linear Slope Decay mapped to Perception levels.

70

Figure 76 presents the data output from a model run with the linear SA decay curve.

@_] MIDAS_Situational_Awareness_by_Task_Operatorl_runlofl.4DC97063.csv [Read-Only]

58
59
60
61
62
63
64

57|

A

o0 0 0 0 0 0 0 O]

B C

3 Contextl

3 Contextl
3.1 Contextl
3.1 Contextl
3.2 Contextl
3.2 Contextl
3.3 Contextl
3.3 Contextl

Fi-glire-76.> MiDXé_.Situational_Awaireness_.bgl;Task_(jp-e}ator

D
TS_12
TS_215
TS_12
TS_215
TS_12
TS_215
TS_12
TS_215

E

2
2
2
2
2
2
2
2

F

1.96
1
1.95
1
1.94
1
1.93
0.99

G
0.98
0.5
0.975
0.5
0.97
0.5
0.965
0.495

PN N NN NN

Figure 77 demonstrate both linear decays of component 1 and component 2 from the
simple model presented in Figure 73 and Figure 74, with the blue line representing a
Display that has reached Comprehension and then decays using WM and LTWM decay
rates to Undetected, and the green line representing a Display that has reached Detection
only and then decays using WM decay rate only to detected. Note that the SA actual is
“2” at fully comprehended and “1” at Detected, due to the fact that the associated
Situation Element is set to “required” which doubles its SA value.
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Figure 77. Graph of WM and LTWM SA Decay.

Normal Decay from Detected to Undetected

There has been only one fixation to push the perception level of the component to
Detected. It then decays using WM to Undetected after ten seconds. An intermediate
fixation during LTWM decay resets the start of the LTWM decay time, but maintains it
in LTWM, such that the decay from Detected to Undetected using LTWM always takes
50 seconds from the last fixation (Figure 78).
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Figure 78. Correct Decay from Comprehended with Fixation to Detection.
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MIDAS Situation Awareness Model: Information Accessibility and Data
Limits

There are two forms of parameters affected by display or information properties that
influence perception and comprehension, and hence attaining situation awareness in
MIDAS.

(1) accessibility costs impose a delay before detection can even begin. For example
keystroke access to a piece of information like a route planning tool requires the
pilot to do some manual action before a displayed element can be viewed, and this
action will take some time to accomplish.

(2) detection to comprehension time (DTC) describes certain display or
information properties that simply require a longer time (more fixations) to gain
full comprehension after the initial fixation that accomplishes detection. For
example a longer word, or longer string of instructions will impose a greater DTC
to read.

For both accessibility and DTC costs, time is the critical metric, and this time is either a
fixed penalty imposed by some discrete property, or can be represented as an equation, if
there is a quantitative (rather than categorical) variable that influences this time.

(3) data limits are properties of the information display that simply limit the
maximum level of situation awareness that can be obtained from a fixated display
attribute , no matter how long it is fixated. An example would be very small text
that cannot be read, no matter how closely the eyes examined it. For data limits,
we specify a physical property (or quantitative level of such a property) that either
produces mild data limits or severe data limits. The distinction between mild
and severe is the extent to which fixations achieve full SA. For mild, fixation
achieves 75% of the full SA level. For severe, fixation achieves 50% of the full
level. This difference has implications for how rapidly the information is lost by
decaying SA memory in the absence of subsequent fixations. Also, if MIDAS
were to directly compute errors of comprehension, rather than time, these two
levels would provide an important basis for error prediction.

The concept of data limits is directly based on the dichotomy drawn by Norman and
Bobrow (1975) between data limits and resource limits in multi-tasking. If a task is data
limited, perfect performance (in this context, zero errors) cannot be obtained no matter
how many resources are supplied. If a task is resource limited, then investment of more
resources can ultimately achieve perfect performance. If the only resource involved in
limiting task performance was time, then, in the current context, DTC would describe
resource limits.

The Accessibility, Detection to Comprehension calculation, and Data Limits are designed
to expand the resolution of crewstation component design, to allow for finer-grained
resolution of the model and more accurate component testing. Currently there are two
Display Elements, which impact times to comprehension: Accessibility and Text Length
of Messages.
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Information Accessibility

Currently accessibility has four levels [None, Low, Moderate, and High], which represent
the difficulty/time required to access a given component (see Figure 79).

Tree View v aXx
(- Simulations -~
® Extemal Connections (3
(- Environment List 0
-3 Crewstation List
(=& Crewstation1
=@ defautComponent
] @ default
B Fixation_Point_1 2
< n »
Properties: defaultComponent v X
oz 4l |
& Attributes
Attribute List 1 Attribute Defined
E Component States
StatesList (Collection)
E Coordinated Situational Awareness
High =Y
E Geometry None \
Bounding Box (Cm) Low
Initial Position (cm) Moderate
B Identification
Name

Figure 79. Current Component Accessibility.

Text Length of Messages

2/13/20

Text length is currently the only Detection to Comprehension (DTC) parameter in

MIDAS (see Figure 80). It is accessed when a display has an attribute set to TEXT and
the EQUIP set attribute_value sets the attribute’s value in the value field. The number
of characters in the text is the parameter for calculting the DTC.

L

Primitive:  EQUIP_set_attribute_value - liroperties: TestComponent
P — e 41|
'arameter ‘alue = =
crewstation Crewstation1 = m‘r;z::z 1 Attrbute Defined
equipment TestComponent [ 3
E Component Stat
attribute Text_attribute StatesList es (Collection)
value Bc S
description Accessibility High
SEEV_Salience 0 B G y
. . . " Bounding Box (Cm) (0.00. 0.00. 0.00)
MidasAttribute Collection Editor @ Intial Postion (cm) (0.00. 0.00. 0.00)
Members: Text_attribute properties: c '\;lderliﬁcaion Test
lame Component
+ '}1 ‘ E Memory
Output + B Attribute ‘LTWM Decayable False
Beginning to load Plugin: Is Active in These (Collection) = ﬂ Decayable False
Loaded: MAAD.Plugins. TEXT =l es
Loaded: MAAD.Plugins. = C Situational Notes
Loaded: Shamp TalkExpol "
Loaded: MAAD Plugins. -t Blone
Loaded: MAAD Plugins. kdentification ]
Loaded: MAAD Plugins. Name Text_attribute
Loaded: MAAD Plugins. E Notes
Loaded: MAAD.Plugins. Notes
| naded: MAAD Pliains

Figure 80. Settings required for Length of Text Messages to impact DTC time.

The three components of the library of display elements and how they are planned to be
implemented in MIDAS will each be discussed separately below, followed by a brief
discussion of issues with combining multiple display elements.

Accessibility

The Accessibility is a measure of the information availability that assesses a time penalty
for information acquisition based on whether information is embedded in a deep level of
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a display. Since this time penalty occurs before even detection can occur, this penalty
effectively lengthens the number of fixation to get from Undetected to Detected.

Data Limits

Currently, all of the data limits have three values: None, Mild and Severe. The effect of a
parameter is to “cap” the SA, making the Perception/SA of the attribute decay from
Comprehended to Detected faster (i.e. it is in LTWM for a shorter period of time,
although the slope of SA decay remains the same.) It will have no effect on the decay
from Detected to Undetected, using either WM or LTWM as shown in Figure 81.
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Figure 81. Effect of Data Limit on Perception/SA (close-up on right).

Visual and Auditory DLs

Two of the DLs, Spatial Incompatibility (Auditory) and Working Memory Load are
auditory in nature. These two will appear under the DL heading when an auditory
attribute is selected. The other seven: 3D ambiguity, Legibility, 2D Display Tracking,
Spatial Incompatibility (Visual), Symbol Unfamiliarity, Flight Path Projection, and Time
Projection will appear under the DL heading when a visual attribute is selected.

Combining DLs
For Combining DLs, take the most severe of the DLs as the effect on SA.

Changing DTCs

Data Limits depend on the actual physical properties of the display and don’t need a
primitive to change Data Limits during a model run.

The SA Output Reports

We extended the current MIDAS Situational Awareness by Task report to include CSA
Optimal, CSA Actual, Ratio, and CSA Optimal degraded by Accessibility.

The new MSAT report the run number, the time, the context, the Task column
(representing the SEEV tasks), CSA Optimal, CSA Actual, Ratio, and CSA Optimal
degraded by Accessibility (Figure 82) .
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@J MIDAS_Situational_Awareness_by_Task_Captain_runlofl_with_SEEV.4DCAA35B.csv

2/13/20

A

2 |RunNumber

w

1 Operator: Captain
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B

Time

©
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Figure 82. MIDAS_Situational Awareness_by Task (MSAT) report.
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The MIDAS Workload Model

Introduction

The challenge associated with the measurement and management of workload from an
empirical perspective has led to many different conceptualizations on the degree to which
workload should influence an operator’s performance. There is little question that
workload does impact nominal performance but there is less agreement on precisely how
workload influences performance. Some individuals thrive under periods of high task
load while others fail under periods of low task load and vice versa. Representing this
divergent empirical performance computationally is needed so that model analysts
generate accurate representations of human-system interactions. The Man-machine
Integration Design and Analysis System (MIDAS) possesses two distinct approaches to
represent workload and its impact on operator performance both of which rely on the
Multiple Resource Theory (MRT) operating behind the scenes to impact performance.
The first is an unconstrained representation where MIDAS completes the tasks and
outputs workload according to a conflict matrix with task degradation functions based on
the MIDAS behavioral primitives linked to the task. As there are no upper limits or
redlines on operator performance, this mode of operation allows model analysts to see
where the model predicts workload spikes. The second is a representation that includes a
task management model that uses task priority to determine task schedule.

MIDAS Representation of Workload

The MIDAS workload model computes the workload of a multi-tasking operator. As
described previously (Gore, 2010), MIDAS uses the Task Analysis / Workload (TAWL,;
McCracken & Aldrich, 1984; Hamilton, Bierbaum, & Fulford, 1991; Hamilton,
Bierbaum, & McAnulty, 1994; Mitchell, 2000) task-load specification structure, which
was developed and validated by the U.S. Army. Basic behavioral primitives are created
and workload estimates are assigned to the behavioral primitives using the TAWL.
These behavioral primitives are then tied to MIDAS tasks in the task network model that
are then exercised in various operational contexts. The MIDAS workload model also
contains the Multiple Resources Theory (MRT, (Wickens, 1984, 2002) of human
attention for situations where multiple tasks share attentional resources.

Workload Channels

MIDAS defines task loads according to seven channels: two input channels (Visual,
Auditory), two cognitive processing channels (Cognitive-Spatial and Cognitive-Verbal),
and three output channels (Voice, Gross Motor, and Fine Motor). The MIDAS
implementation extends McCracken & Aldrich’s original four channel representation by
breaking out the cognitive information (verbal and spatial) and the output (vocal, gross
and fine motor) because the increased fidelity was deemed more consistent with the
assumptions of the MRT (Gore, 2010; Hooey et al., 2010) and with many of the
application domains (Gore, 2010; Gore, Hooey, Wickens, & Scott-Nash, 2009; Gore &
Smith, 2006; Hooey, et al., 2010).

Task Primitives
MIDAS breaks tasks down to a set of basic behavioral primitives that contain workload
defined along the seven channels outlined in the previous section. There are two kinds of
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primitives: Operator Primitives (OP) and User-defined Primitives (UP). There are ten
Operator Primitives that represent basic (non domain-specific) human behaviors (e.g.,
reach, push and release, say message, information seeking using SEEV). The MIDAS
user can also define User Primitives that are tailored to the domain application (e.g.,
acquire lead aircraft). In both cases, the TAWL (Hamilton & Bierbaum, 1992;
McCracken & Aldrich, 1984) is used to determine the task load values. The TAWL
values are empirically determined and based on US military personnel in the Army Light
Helicopter Experimental (LHX) Program (McCracken & Aldrich, 1984), further tested /
validated using Army tank operators (Mitchell, 2000), and validated with commercial
airline pilots (Gore et al., 2011).

Conflict Matrix and the Multiple Resource Theory (MRT):

Wickens (2002) outlines the requirements for a computational representation of the MRT.
In his article, Wickens outlined that the MRT must possesses four features. The first is
that each task can be represented as a vector of its resource demands at a qualitative (type
of resource) and a quantitative level (number of resources). Second, channel load is task
dependent. Third, loss of performance on one or both tasks from its single task level is
determined by a performance penalty if: (a) the total demand on both tasks is high, and
(b) both tasks compete for overlapping resources (common levels on one of the
dichotomous dimensions) within the four dimensions of the multiple resource model (or
within the dimensions of whatever other model is selected). Fourth, the amount of
performance lost on the tasks can be established by an allocation policy. If both tasks
have equal priority, each task will share equally in the performance decrement.

The MIDAS model’s implementation of the conflict matrix and the MRT assumes that
task interference is directly proportional to the predicted workload. The workload model
requires a matrix of resource coefficients (Table 5), which was estimated using MRT
(Wickens, 1991). The conflict matrix presents coefficients of the amount of conflict,
between resource pairs across tasks. This matrix is heart and soul of the "multiple’ aspect
of MRT. MRT assumes that if two tasks cannot share a resource, the conflict value is 1.0
(e.g. two tasks simultaneously demanding voice resources). The value is 0 if two tasks
can perfectly share the resources in question. These coefficients are used by MIDAS to
estimate the workload of the tasks coded in the model. Historically, MIDAS’s operator
workload model was unconstrained and did not account for the fact that in actuality,
operators use workload management strategies to delay or shed tasks when overloaded.

Table 5. MIDAS MRT Conflict Matrix (updated).

Channel
Visual  Auditory Cog Spat Cog Verb Fine Motor  Gross Vocal
Motor
Visual 1.0 0.4 0.6 0.4 0.5 0.2 0.2
Auditory 0.8 0.4 0.6 0.2 0.1 0.6
8 Cog Spatial 0.8 0.5 0.5 0.2 0.2
E Cog Verbal 0.8 0.2 0.1 0.6
O  Fine Motor 0.8 0.6 0.5
Gross Motor 0.4 0.4
Vocal 1.0
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Workload Calculation

Workload is the summation of the task loads of the cumulative set of primitives being
performed with conflict assessed should one exist. Given two concurrent tasks, the
demand values for each possible pair of resource channels in which neither demand is
zero, are summed and added to the sum of the coefficients from the conflict matrix for
the corresponding channels. That is:

Workload = K;(Sum of demand) + K>(sum of the conflict components)

The weightings K; and K5 can then be adjusted as needed to reflect differences in
weighting of demand and conflict, or both kept at 1.0 as a default. Stated formally, the
workload equation is shown in Equation 3

Equation 3. Workload Calculation in MIDAS vS5.

7 7

W, =K, D (ay, +a,,.a,,)+ K, D (cijl + cij2 + cif3)
i=1 i=1

where

Wj =instantaneous workload of channel i at time t,

J =channel

K, = channel constant

t1,12,t3 = operator tasks

a=load of channel i to perform task t

K, = conflict constant

¢, ; = channel conflict

Workload Computation Example
v A CS ¢V GM FM V

tl (fixate-spatial-object) 5.9 0.0 3.7 0.0 0.0 0.0 0.0
t2 (push-and-release) 37 0.0 1.2 0.0 22 0.0 0.0

V Workload = (1)(5.9+3.7) +(1)(1.0+ 0.6 +0.2)=11.4
A Workload = (1)(0.00) =0.00

CS Workload = (1)(3.7+1.2) + (1)(1 +.7+.2) =6.8

CV workload = (1)(0.00) = 0.00

FM Workload = (1)(0.00) = 0.00

GM workload = (1)(0.0 +2.2) + (1)(0.2 +0.2) =2.6

V Workload = (1)(0.00) =0.00

Output

Workload is output for each channel and can be visualized through the MIDAS run-time
displays or can be collected for post-run analyses. The workload model output in MIDAS
is presented with the workload scale along the Y-axis and the simulation timeline along
the X-axis. Workload spikes are readily observable in the MIDAS output in the context
of the model events across the model time. Workload spikes are areas that MIDAS
predicts the operator to be in a vulnerable state given that the modeled operator’s
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workload exceeds a theoretical threshold and is therefore likely to miss critical signals, or
have increased time to complete a task given competing tasks according to. For example,

Figure 83 displays the Captain’s workload across time during approach and landing over

all seven channels.
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Figure 83. Example of Runtime Display of Workload Experienced by the Captain.

Comparing the workload inputs with the timeline and the task list output from the model
tests the baseline workload model’s performance.

Workload Management Model

The MIDAS workload model was augmented to reflect the strategies that actual
operators use when faced with a workload-overload situation. These strategies use MRT
as its theoretical underpinning and implement a conflict matrix to delay task performance
based on multiple, simultaneous task performance.

Defining Workload-Overload

A workload threshold, or red line value, for each individual workload channel is set by
the MIDAS analyst in a ‘simulation settings’ window of the MIDAS graphic user
interface (Figure 84). The computed workload value is compared against the
corresponding channel threshold to determine if the operator is overloaded. If the
workload value exceeds the threshold value then the operator is considered to be
overloaded, and completes the primitive with the highest priority (defined below).

Workload Management o True
E Simulation To Execute
I Primary Simulation True

E Workload Management Settings
Priority \Weighting Duration 0
Priority Weighting Importance 4
Priority Weighting Interrupt Cost 0
Priority Weighting Urgency 0
Redline Auditory 4
Redline Cognitive Spatial 4
Redline Cognitive Verbal 7
Redline Fine Motor 4
Redline Gross Motor 4
Redline Visual 1

Rediine VYocal 4

Figure 84. MIDAS Graphic User Interface for Workload Management Model Settings.

1
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In other words:
If (operator workload[in any one channel] >= set threshold for that corresponding
channel), Operator is OVERLOADED

Every time a primitive tries to start, all release conditions of all waiting primitives are
recalculated and ranked by priority. Then working down the priority list the next
primitive that has task load that won't force an operator channel over the threshold is
started.

Determining Task Priority

The strategy adopted by the operator in MIDAS is to work on primitives with the highest
priority. The MIDAS analyst assigns a value to represent Importance, Urgency, Duration,
and Interrupt Cost for each operator task. The MIDAS analyst then determines the
relative weighting of those four factors by assigning a Priority Factor Weighting Score.

The priorities for each primitive are computed based on an algorithm created by
synthesizing Freed’s (Freed, 2000) task scheduling research with that of Wickens &
McCarley (Wickens & McCarley, 2008). The algorithm that was developed is as
follows:

Priority = PriorityWeightinglmportance * Importance'
+ PriorityWeightingUrgency * RelativeDelay
+ PriorityWeightingDuration *(1-RelativeDuration)
+ PriorityWeightingInterruptCost * InterruptCost

The following section discusses the four factors - Importance, Relative Delay, Relative
Duration and Interruption Cost - and the weightings that are applied to them.

Importance

MIDAS NextGen models have five high-level tasks: Aviate, Separate, Navigate,
Communicate, and Systems Management. Each task primitive inherits importance from
one of these high level tasks, as assigned by the MIDAS analyst. There is always a one
to one mapping between a primitive and a high level task. Should a primitive support two
high level tasks, the primitive inherits the higher importance task. Each of these high
level tasks is assigned an importance value of none (0), low (1), medium (2), or high (3).
These values are subsequently converted as follows:

Importance' = Task Importance/3.
Therefore, a high importance task would have an importance’ of 1 and a low importance
task would have an importance’ of .333.

Urgency (Relative Delay)
MIDAS uses the amount of time a task has been delayed as a proxy for urgency. The
calculation used in MIDAS is as follows:

RelativeDelay = total time a primitive has been delayed/total time of delayed tasks
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Where total time a primitive has been delayed is defined as the sum total a particular
primitive spends waiting in queue before the operator starts working on that primitive;
and total time of delayed primitives is defined as the total time of all the primitives at any
given time that are waiting in queue for the operator’s attention.

Duration
The factor that contributes to the priority of a primitive is Relative Duration. Relative
duration is defined as follows:

RelativeDuration = duration/total time of duration of delayed primitives

Where duration is derived from the ‘duration field” within each MIDAS primitive. The
primitive durations vary depending on the kind of primitive. For example, a “user_read”
primitive has duration where the total duration for that primitive is defined as (0.06
seconds) * (the number of characters in the string). So if the user read primitive has 50
characters, then the total duration = (0.06) * 50 = 3 seconds. Total time of duration of
delayed primitives is defined as the sum total of the duration of all the primitives in
queue.

Interruption Cost

Interruption cost refers to the time cost incurred if the operator is distracted and then must
reacquire the information needed to complete the task. Similar to the task importance
factor, the interruption cost is inherited from the high-level tasks (i.e., Aviate, Separate,
Navigate, Communicate, and Systems Management). While the importance values
chosen by the user is descriptive in the sense that the MIDAS analyst selects high (3),
moderate(2), low(1) or none(0), these values are subsequently converted as follows:

InterruptionCost’ = InterruptionCost/3.

Therefore, a task with a high interruption cost would have an InterruptionCost’ of 1 and
task with a low interruption cost would have an InterruptionCost’ of .333.

Priority Factor Weightings

Each of the factors (Importance, Relative Duration, Relative Delay and Interruption Cost)
discussed above can be weighted individually through the simulation settings. Through
the use of the weights the user can influence which factor is used as the deciding factor to
calculate priority. If all factors are weighted equally, the prioritization algorithm (as
presented above) accounts for all factors.
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MIDAS Workload Management Model Verification
To test each of the MIDAS workload management strategies discussed above, specific
models were created using the following steps:

e An existing model was chosen.

e New workload-bearing primitives were then added to the network to specifically
cause the operator to experience points of overload during the model run.

e The Importance, Duration and Interruption Cost was set for each of the
primitives by either specifying the value directly or by linking the primitive to a
task with these values in place. Delay was addressed in the network design.

e The prioritization of the four management strategies was set for the entire
simulation.

e The redline values for each workload channel (the point over which the operator
is considered to be in overload) were set.

Workload/Task Management Strategy Tests

The remainder of this document describes all test models in detail and the results, which
confirm the success of the workload strategy implementation. The tests used in this study
are based on the FAA-NASA Land and Taxi 2010 MIDAS model (Gore, et al., 2011).

To efficiently test the strategies, however, only context of flight, namely Descent, was
used. Furthermore, a much simpler network of primitives to make testing of the
strategies more manageable replaced the existing network of primitives in this Descent
context. Each strategy tested was put through five tests:

e Strategy disabled: this test demonstrates that workload management strategies
have no effect when the Workload Management flag in the simulation settings is
set to False. All simultaneously encountered primitives execute at the same time
as expected and none are delayed. Because an unlimited number of primitives are
allowed to execute, workload for these tests is much higher along the simulation
timeline compared to the strategy-enabled tests. Furthermore, because more
primitives are allowed to execute simultaneously, these runs are in general much
shorter than those from the strategy-enabled tests.

e Strategy tested in isolation (all other strategies zeroed out) with redlines threshold
values exceeding workload total for two simultaneous primitives. This test
demonstrates that a strategy will limit the operator to two simultaneous primitives
at a time. This test also demonstrates that an isolated strategy works as expected
if all other strategies are zeroed out.

e Strategy tested in isolation (all other strategies zeroed out) with redline threshold
values totaling workload total for two simultaneous primitives. This test
demonstrates that a strategy will force the operator into a 1-task-at-a-time
situation. This test also demonstrates that an isolated strategy works as expected if
all other strategies are zeroed out.

e Strategy tested as the highest priority over all other strategies with redline
threshold values exceeding workload total for two simultaneous primitives. This
test demonstrates that a strategy will limit the operator to two simultaneous
primitives at a time. This test also demonstrates that weightings from other
strategies (provided they are lower) do not affect the priority strategy.
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o Strategy tested as the highest priority over all other strategies with redline
threshold values totaling workload total for two simultaneous primitives. This
test demonstrates that a strategy will force an operator into a 1-task-at-a-time
situation. This test also demonstrates that weightings from other strategies
(provided they are lower) do not affect the priority strategy.

Some of the strategies tested include additional tests which check to see how the strategy
behaves if a task is already in progress prior to a workload conflict.

1. Task Importance Test

The Task Importance Test uses several instances of the same User Read primitive. This
primitive involves workload in the Visual and Cognitive Verbal Channels. By itself a
single instance of this primitive contributes a visual workload value of 5.0 and a
cognitive verbal workload value of 3.0. Each additional instance of the primitive adds
the same amount of workload to the same channels.

In the network in Figure 85, all three primitives start at the exact same time and take the
exact same amount of time: (0.06) x (number of characters in the string), which in this
case is 0.06 x 100 = 6 seconds.

4 Textstring with exactly 100 chars - should take 6 seconds to read, Importance = P'|Gf'|{48_172)a":¢~
\_USER Read

—pe-Context Edei””‘;“;—m/' { Text string with exactly 100 chars - should take 6 seconds to read, Importance = MODERATE @8 175)
—Set=caged USER_Read

{ Text string with exactly 100 chars - should take 6 seconds to read, Imponznce = LOW #8_176) 4
USER_Read

B

Figure 85. Network illustration of three SEEV start times.

Each primitive is linked to a specific SEEV Start task whose importance value is then
inherited (Figure 86and Figure 87). The linked task is listed in the midasTask field for
each primitive:

o Operator Procedures [ pescent (48) A Text string...SER_Readl 4P X
A
DWEUEA T ext string with exactly 100 chars - should take B seconds to ID: [48_172 < 3
read, Importance = HIGH
Item ID: [172 v
Primitive: \USEH_Head v\

Value |
0000000000-0000000000-0000000000-0000C
92_3 10_1_18 Ca& - S0IA Descent "Aviate"

Parameter

midasT ask

Figure 86. Example of the High importance text string, the MIDAS primitive and its parameters.
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SQ Operator Procedures } ‘[ Descent (48) )/‘ Text string...SER_Read] 4P X
S
string with exactly 100 chars - should take B seconds to ID: |48_175 < >
ad, Importance = MODERATE
Item ID: [175 v

Primitive: |USER_Read v

Walue
0000000000-0000000000-0000000000-0000C
92_3.10_1_20 CA - 50lA Descent "Navigate"

Parameter

midasT ask

Figure 87. Example of Moderate importance text string, the MIDAS primitive and its parameters.

SQ Operator Procedures } [ Dpescent (48) )/‘ Text string...SER_Read] v 4P X
S
s - should take 6 seconds to ID: [48_176 < >
Item ID: [176 v

Primitive: |USER_Read vl

|Value |
0000000000-0000000000-0000000000-0000C
92_3 10_1_22 CaA - 5014 Descent "Systems"

midasT ask

Figure 88. Example of the low importance text string, the MIDAS primitive and its parameters.

The SEEV Tasks referenced in the primitives above may be found in the Captain’s SEEV
Settings for the Descent context, SOIA Scenario under IMC Conditions (Figure 89):

2
Expectancy during SOIA Descent- CA(92_3_10_1_10)
(> SEEV_Expectancy M

Set SEEV . -
CA- SOIA Descent Aviate” (92_3_10_118)
e ks >* SEEV_START Task_Set 77

9231017

CA- SOIA Descent"Separate” (92_3_10_1_19) |
SEEV_START Task_Set %4

CA- SOIADescent "Navigate™ (82_3_10_1_20) |

SEEV_START _Task_Set 17

CA- SOIADescent "Communicate™ (52_3_10_1_21) —
SEEV_START_Task_Set 17

CA- SOIA Descent "Systems™ (92_3_10_1_22) =\
SEEV_START Task_Set )4

Figure 89. SEEV settings called by the user read primitive broken down per context.

In this test, the value of the Task Importance was modified while all other values
(Interruption Cost and Duration) remained the same (Figure 90).

68



MIDAS 5.0 Training 2/13/20

Name: [C4 - SOIA Descent "Aviate” 1D: [92_3 10_1_18
tem o
Primitive: |SEEV_START_Task_Set v

Task Importance:  |High v‘l Cost of Interruption:

Area Of Interest Relevance of ADI to task set |

Front_Left_Window

Right_Window

Front_Right_window
Fixation_Point_Near_Jepp
Fixzation_Point_Near_Mode_Control_Panel
Fixation_Point_Near_Lower_EICAS
Fixation_Point_CDU_C&

cocoooocooo

Figure 90. Manipulation of the task importance of the SEEV start task in the context of aviate.

Next, the prioritization of the Workload/Task Management Strategies were set by
accessing the User Simulation Settings in the Figure 91 (a) MIDAS tree, clicking on it, to
show (b) its properties:

=& Simulations Workload Management True
ER Y User_ s imulation_1 ) E Simulation To Execute
Environment: Ml_asE‘nwronnjlenH I Primary Simulation True
- ﬁalﬁczir:irtsiaiaptaln, First_Officer, ATC_Controller =] W.ol.kloa d Ménageqent Settings
@ Environment List Pr!m!ty We!ghtfng Dusston g
@ Crewstation List Priority \Weighting Importance 4
2 Operator List Priority Weighting Interrupt Cost 0
Situation Awareness Model List Priority Weighting Urgency 0
? Primitives Redline Auditory 4
@) Vehicle List Redline Cognitive Spatial 4
@) Task List Redline Cognitive Yerbal 7
@ Functions Redline Fine Motor 4
@& variables Redline Gross Mator 4
@ Sharp Talk 360 Redline Visual 1
Redline Yocal 4

Figure 91. Assignment of workload Redline Values.
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Priority Weighting Importance: set to the highest value of 4 in order that the
task importance determine the priority of the next primitive to occur.

Redline Visual: depending on the test being run, this value is set to 10 in order to
cause an overload condition when two or more of the User Read primitives are
encountered simultaneously or to 11 to allow a maximum of two User Read
primitives to happen simultaneously.

Redline Cognitive Verbal: depending on the test being run, this value is set to 6
in order to cause an overload condition when two or more of the User Read
primitives are encountered simultaneously or to 7 to allow a maximum of two
User Read primitives to happen simultaneously.
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Task Importance Test Results:

Test Case 1A: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to False! (Nonessential data rows hidden)

In the absence of workload strategy (Figure 92), all simultaneously encountered tasks

(48 172,48 175 and 48 176) are taken on (Table 6). Workload well exceeds the 11.0
and 7.0 redlines (Error! Reference source not found.).

} Text string with exactly 100 chars - should take 6 seconds to read, Importance = HIGH (48_172)
! USER_Rezd

o
Contextis descent {48.21)._ ¥

= OP_-ses_captext

{ Text string with exactly 100 chars - should take 6 seconds to read, Impontance = MODERATE (48_175)
|_USER_Read

Figure 92. Task network of test case 1a, baseline model run with no workload management.

Table 6. Code output of test case 1a - Task begin and end times output to support workload management

verification.
RunNumber Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 172  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 0 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read  Importance = MODERATE
1 0 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds toread  Importance = LOW
1 6 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 6 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read  Importance = MODERATE
1 6 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds toread  Importance = LOW
18
16
14 =¢—"Visual
12 - Auditory
10 == Cog Spatial
8 =>e=Cog Verbal
6 == (Gross Motor
=0- Fine Motor
4
Voice
2
0 )
0 2 4 6 8

Figure 93. Workload timeline output of test case 1a to illustrate effect of workload management model
(WM=false).

! This is a baseline run to test the absence of workload management strategies
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Test Case 1B: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform up to two tasks simultaneously without
being in overload (Figure 94). The Task Begin/End report excerpt below demonstrates

this by the fact that the third primitive, 48 176, is held back while the first two primitives
are still executing (Table 7).

Table 7. Code output of test case 1b - task begin and end times output to support workload management
verification (WM=true).

RunNumber Time Context Operator start/end TaskID  Task Name

1 0 descent Captain start 48 172 Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 0 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds toread  Importance = MODERATE
1 6 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 6 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read  Importance = MODERATE
1 6 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds toread  Importance = LOW
1 12 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read  Importance = LOW

12

=¢=Visual

== Auditory
=== Cog Spatial

=>¢=(Cog Verbal
=== (Gross Motor

=0- Fine Motor

2 Voice
0 .
0 5 10 15
Figure 94. Workload timeline output of test case 1b to illustrate effect of workload management model
(WM=true).

Test Case 2: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0)
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload (Figure 95). This is demonstrated in the test below by the fact that no
two primitives overlap in Clock time (Table 8). The corresponding workload output can
be found in Figure 96.
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{Toe =ving with mxacdy 100 chars - =houd ke § zaconds 30 resd, imporisnce = HIGH (28.172) “"%

[; Tex swing with sxacty 100 chers - =houd wske 6 seconds 10 remd, Imporiance = HIGH (48_179)

|_USER Resd

s

? UsER Resd

§ Toa swing with sxacdy 100 chare - shoud 1Ske & seconds 12 resd, Imporisnce = MODERATE (40175

? USER Ress

{ Tex swing with exacty 100 chars - shoud tke 8 seconds 1o resd, Imporiance = LOW (48_175)

s

g

2/13/20

(48_171) qD——f W for =0 swee emisies 3 be done before moving on (48_177)

Figure 95. Task Network of test case 2 threshold equal to total, one task to be completed without being in

overload (WM=true)

Table 8. Code output of test case 2 task begin and end times output to support workload management

Context
0 descent

RunNumber  Time
1

1 6 descent
1 6 descent
1 12 descent
1 12 descent
1 18 descent
1 18 descent
1 23.9 descent

Operator start/end Task ID

Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain

start
end
start
end
start
end
start
end

48172
48172
48179
48 179
48175
48_175
48 176
48 176

verification (WM=true).

Task Name

Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -

should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read

Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = MODERATE
Importance = MODERATE
Importance = LOW
Importance = LOW

=¢=Visual

== Auditory

=>¢=(Cog Verbal

=0- Fine Motor

-1

Voice

=== Cog Spatial

=== (Gross Motor

Figure 96. Workload timeline output of test case 2 to illustrate effect of workload management model with
threshold of 1 (WM=true).

Test Case 3: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), One Task
Executes while Two Follow (three seconds later) in Overload
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload (Figure 97). This is demonstrated in the test below by the fact that no
two primitives overlap in Clock time (Table 9). This test also demonstrates that
workload strategies operate as expected in the event the tasks are staggered in time

(Figure 98).
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1 USER

Read

wr
¢ Text string with exactly 100 chars - should take 6 s2conds toread, Imponance =LOW (8.1,

Figure 97 Task network of test case 3 - one task executing while two follow (three seconds later) in

overload.

Table 9. Task begin and end times output of test case 3 to support workload management verification of
one task executing while two follow (three seconds later) in overload.

RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 172 Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 6 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 6 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 12 descent Captain end 48_179  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 12 descent Captain start 48_175  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 18 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 18 descent Captain start 48_176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
1 23.9 descent Captain end 48_176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
6
5 .
=4 "Visual
4 =i— Auditory
==fe=Cog Spatial
3 -
=>¢=(Cog Verbal
2 = Gross Motor
=0- Fine Motor
1
Voice
0 —
0 10 20 30
Figure 98. Workload timeline output of test case 3 - one task executing while two follow (three seconds

later) in overload.

Test Case 4: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), All Strategies
Weighted

Workload Management Flag set to True (Non-transition times hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload (Figure 99). This is demonstrated in the test below by the fact that no
two primitives overlap in Clock time (Table 10). This test also demonstrates that the
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highest priority strategy still works as expected when all other strategies are weighted
(Figure 100).

e dmmost (28.21)
e oo

4

(T svirg widh exocdy 100 chars - Shexid tke 6 Seconds 1o resd, Fnporince = HIGH (48,1 ™}
—"L USER

{ T g with Sty 100 chars - Shoud tke & saconds 2 resd, Imparence = MODERATE (4078

t USER Resd

imper LOW (418 )

>4 Sen Read

Sy 100 chars -

(28_171) J~—>{ Wit or 5l free erisies 10 be done before maving on (48_177)

e R -

Figure 99. Take network of test case 4 - one primitive at a time without being in overload.

Table 10. Code output of test case 4 - one primitive at a time without being in overload.

RunNumber Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48_172  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 12 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 12 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
1 18 descent Captain end 48_176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
== Visual
4 = Auditory
=== Cog Spatial
=>¢=(Cog Verbal
2 == (Gross Motor
=0- Fine Motor
1 Voice
0 )

Figure 100. Workload timeline output of test case 4 - one primitive at a time without being in overload.

Test Case 5: Threshold Greater Than total (Visual: 11.0, Cog Verbal: 7.0), All

Strategies Weighted
Workload Management Flag set to True (Non-transition times hidden).

In this test, the operator is allowed to perform up to two primitives at a time (Figure 101).
This task also demonstrates that the highest priority strategy, in this case Task
Importance, is working as expected since the primitive with the lowest importance,

48 176, executes last (Table 11), and workload becomes overloaded (Figure 102). This
test also demonstrates that the highest priority strategy still works as expected when all
other strategies are weighted.
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Figure 101. Take network of test case 5 - two primitive allowed at a time without being in overload.

Table 11. Code output of test case 5 - two primitive allowed at a time without being in overload.

RunNumber Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 172  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 0 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 6 descent Captain end 48 172 Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Importance = MODERATE
1 6 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
1 12 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read Importance = LOW
12
10
=¢—Visual
== Auditory
=== Cog Spatial
=>¢=(Cog Verbal
== (Gross Motor

=0- Fine Motor

2 Voice

0 )
0 5 10 15

Figure 102. Workload timeline output of test case 5 - two primitives at a time without being in overload.

These verification test results illustrate that the workload management model operates
verifiably and that all results are as expected. The next test that is required to evaluate
whether the MIDAS workload management operates verifiably is a test of the task
duration times.

2. Task Duration Test

The Task Duration Test uses several variations of the same User Read primitive. This
primitive involves workload in the Visual and Cognitive Verbal Channels. By itself a
single instance of this primitive contributes a visual workload value of 5.0 and a
cognitive verbal workload value of 3.0. Each additional instance of the primitive adds
the same amount of workload. The difference in each instance of the primitive,
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however, is the duration, which is a function of string length specified in the Text
String field.

In the network below (Figure 103), all three primitives start at the exact same time. The
duration of each primitive, however, is calculated as follows:

First task: (0.06) x (number of characters in the string) = 0.06 x 100 = 6 seconds.
Second task: (0.6) x (number of characters in the string) = 0.06 x 50 = 3 seconds.
Third task: (0.6) x (number of characters in the string) = 0.06 x 10 = 0.6 seconds.

; Textstring with exactly 100 chars - should take 6 seconds toread, 92_3_10_1_18(48_172) 'i"‘ N
i_USER_Read -

-»-TCJ"“P_‘ “‘_ﬁq",‘,‘i‘w ) (Tostingwiticmcly bl chascis “shouldiaks Jsecon Brosd S EI0EIEE (EETA

" USER_Read T T

{ Text string with exactly 10 characters - should take 1 second toread, 92_3_10_1_18(48_173)
USER_Read

0%

Figure 103. Task network of task duration test.

Each primitive is linked to a specific SEEV Start task whose importance value is then
inherited (Figure 104). Because the importance is being held constant among all
primitives in this test, all three primitives have been linked to the same SEEV Start task:

o Operator Procedures | () Descent (48) /‘ Text string...SER_Read] v4b X
A
BEVEAT et string with exactly 100 chars - should take B seconds to ID: 48 172
, Importance = HIGH < >
ltem ID: (172 v

Primitive: |USER_Read v

Parameter Value
0000000000-0000000000-0000000000-0000C
midasT ask 92_3_10_1_18 CA - SOIA Descent "Aviate"

Figure 104. Step to link SEEV start primitive to MIDAS primitive, parameter input.

The single SEEV Task referenced by all the primitives above may be found in the
Captain’s SEEV Settings for the Descent context, SOIA Scenario and IMC Conditions
(Figure 105):

77



MIDAS 5.0 Training 2/13/20

=
Expectancy during SOIA Descent- CA(92_3_10_1_10) |
ncy during (82.310_1.10)

3 SEEV_Expectancy /
petE N . CA-SOIA Descent “Aviate” (32_3_10_1_18) =
highlevel tasks B ~ SEEV_START _Task_Set 17
©231017 =
CA-SOIA Descent "Separate” (82_3_10_1_19) =
Q" SEEV_START Task_Set )24
-
CA- SOIA Descent "Navigate™ (92_3_10_1_20) '
—>* SEEV_START Task_Set %

CA- SOIADescent "Communicate™ (52_3_10_1 21)“‘

. SEEV_START_Task_Set - T 17
CA- SOIADescent "Systems™ (92_3_10_1_22) d
SEEV_START_Task_Set 1ol

Figure 105. Task network example of SEEV start tasks.

In this test, the value of the Task Importance was set to High (Figure 106).

Name: [Ca, - S0I4 Descent “Aviate” ID: 523 10_1_18 < 3

Item ID: [1g v

Primitive: |SEEV_START_Task_Set v

Parameter Value

Task Importance: | High v| | Cost of Interruption:
Area Of Interest Relevance of ADI to task set [:

Front_Left_‘Window

Right_Window

Front_Right_Window
Fixation_Point_Near_Jepp
Fixation_Point_Near_Mode_Control_Panel
Fization_Point_Near_Lower_EICAS
Fization_Point_CDU_C4,

coocoocooo

Figure 106. Task importance flag settings.

Next, the prioritization of the Workload/Task Management Strategies were set by
accessing the User Simulation Settings in the Figure 107 (a) MIDAS tree, clicking on it,
to show (b) its properties:
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=B Simulations

Y Uzot_ Simulotion.1 k Workload Management True
m Environment: MidasEnvironment1

&P Operators: Captain, First_Officer, ATC_Controller = mihonillEreis

H . Is Primary Simulation True
: E:ﬁig::_ﬂii?t?;“ons B Workload Manageqent Settings
%@ Crewstation List Priority Weighting Duration 4
+ @ Operator List Priority Weighting Importance 0
[+ Situation Awareness Model List Priority ‘weighting Interrupt Cost 0
; % Primitives Priority Weighting Urgency 0
@ Vehicle List Redline Auditory 4
@) Task List Redline Cognitive Spatial 4
# Functions Redline Cognitive Verbal 7
@@ Variables Redline Fine Motor 4
@ Sharp Talk 360 Redline Gross Motor 4
Redline Visual 1
Figure 107a. Workload management strategies Redline Yocal 4

v

settings through the User simulation pull down

menn in the properties window. Figure 107b. Workload management settings

window.

e Priority Weighting Duration: set to the highest value of 4 in order that the task
duration determine the priority of the next primitive to occur.

¢ Redline Visual: depending on the test being run, this value is set to 10 in order to
cause an overload condition when two or more of the User Read primitives are
encountered simultaneously or to 11 to allow a maximum of two User Read
primitives to happen simultaneously.

¢ Redline Cognitive Verbal: depending on the test being run, this value is set to 6
in order to cause an overload condition when two or more of the User Read
primitives are encountered simultaneously or to 7 to allow a maximum of two
User Read primitives to happen simultaneously.

Task Duration Test Results:
Test Case 1: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to False? (Nonessential data rows hidden).

The task network used in this test can be found in Figure 108. In the absence of workload
strategy, all simultaneously encountered tasks(48 179,48 180 and 48 181) are taken on
(Table 12). Workload well exceeds the 11.0 and 7.0 redlines (Figure 109).

{ sar
¢ Text string with exactly 100 chars - should take 8 seconds toread, $2_3_10_1_18@8_179
! USER Rexc

{ Text string with exactly 50 characters - should take 3 seconds to read, 52_3_10.1 18 (48 181)
USER_Read

b

1868180

! Text string with exactly 10 characters - should take 0.6 seconds to read, $2_3 10,1
L\ USER_Rexd

Wait for 2ll three entities 1o be done before moving on (48 178)

Figure 108. Task network for test case 1 for task duration; threshold > total, WM false.

2 This is a baseline run to test the absence of workload management strategies.
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Table 12. Code output for test case 1 for task duration; threshold > total, WM false.
RunNumber Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 10 1 18
1 0 descent Captain start 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92 3 101 18
1 0 descent Captain start 48 180  Text string with exactly 10 characters - should take 0.6 secondstoread  92_3_10_1_18
1 0.5 descent Captain end 48 180  Text string with exactly 10 characters - should take 0.6 secondstoread  92_3_10 1 18
1 2.9 descent Captain end 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10.1_18
1 6 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 101 18
18
16
14 .
=¢—Visual
12 Audi
== Auditory
10 === Cog Spatial
8 Cog Verbal
6 f=Gross Motor
4 =0- Fine Motor
Voice
2
0 )
50 2 4 6 8

Figure 109. Workload timeline output for test case 1 task duration; threshold > total, WM false.

Test Case 1: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform up to two tasks simultaneously without

being in overload. The Task Begin/End report excerpt below demonstrates this by the
fact that the third primitive, 48 179, is held back while the first two primitives are still
executing (Table 13; Figure 110)

Table 13. Code output for test case 1 for task duration; threshold > total, WM true (Visual: 11.0, Cog

RunNumber Time Context
0 descent
0 descent

0.5 descent

0.6 descent

2.9 descent

6.6 descent

B R R R R e

Operator start/end Task ID

Captain
Captain
Captain
Captain
Captain
Captain

start
start
end
start
end
end

48 180
48 181
48 180
48 179
48 181
48 179

Verbal: 7.0).

Task Name

Text string with exactly 10 characters - should take 0.6 secondstoread  92_3_10_1 18
Text string with exactly 50 characters - should take 3 seconds to read 92.3 101 18
Text string with exactly 10 characters - should take 0.6 secondstoread 92 310 1 18

Text string with exactly 100 chars - should take 6 seconds to read 92 3.10_1 18
Text string with exactly 50 characters - should take 3 seconds to read 92.3 101 18
Text string with exactly 100 chars - should take 6 seconds to read 92 3.10_1 18
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12
10
== Visual
8 == Auditory
== Cog Spatial
6
== Cog Verbal

=== (Gross Motor
=0- Fine Motor

Voice

0 2 4 6 8

Figure 110. Workload timeline output for test case 1 task duration; threshold > total, WM true.

Test Case 2: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0)
Workload Management Flag set to True (Nonessential data hidden).

In the test below (Figure 111), the operator is limited to performing only one primitive at
a time. The results in the Task Begin/End excerpt below clearly demonstrate that the
primitive with the shortest duration is always performed first (Table 14, Figure 112).

i Text string with exactly 100 chars - should take 6 seconds toread, 52_3_10_1_18(48_179) -

USER_Read
e, s
Comextis descent (48_21)-- 3 -
“W_mg@gg«// § Text string with exactly 50 characters - should take 3 seconds toread, 92_3_10_1_18(48_181)
>} USER_Resd
(48 _171)

& Text string with exactly 50 characters - should take 3 seconds to read, 52_3_10_1_18(48_150) -

e Wait for all th ntities to £
? USER_Read 3it for all three entities to

¢ Text string with exactly 100 chars - should take 6 seconds toread, 52_3_10_1_18 (48_153) -
? USER Reas

et s
Contextis descent (4822},
“OPsev.context _.——

—," Text string with exactly 20 characters - should take 1.2 second toread, $2_3_10_1_18(48_180) -
! USER_Read

Visual: 5.0, Cog Verbal: 3.0
Redline Visual: 11.0, Redline Cog Verbal: 7.0
The shortest task should be tackled first.

Figure 111. Task network for test case 2 for task duration; threshold = total, WM true, V is 10, CS is 6.
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Table 14. Code output for test case 2 for task duration; threshold = total, WM true.

Context Operator start/end TaskID  Task Name
0 descent Captain start 48 180  Text string with exactly 20 characters - should take 1.2 second to read 92.3 101 18
1.1 descent Captain end 48 180  Text string with exactly 20 characters - should take 1.2 second to read 92.3.10.1.18
1.2 descent Captain start 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10.1 18
4.1 descent Captain end 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92.3 10118
4.1 descent Captain start 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10.1 18
7.2 descent Captain end 48 190  Text string with exactly 50 characters - should take 3 seconds to read 923 101 18
7.2 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10.1.18
13.2 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10.1 18
13.2 descent Captain start 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10.1_18
19.1 descent Captain end 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10.1.18
6
5 dSiisiciisnmnenenenensmx> 00
=¢—Visual
4 .
== Auditory
3 R Cog Spatial
=>¢=(Cog Verbal

=0- Fine Motor

-1

10

15 20

Voice

25

=== (Gross Motor

Figure 112. Workload timeline output for test case 2 task duration; threshold = total, WM true.

Test Case 3a: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), One Task
Executes while Two Follow in Overload
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload (Figure 113). This is demonstrated in the test below as no two
primitives overlap in Clock time (Table 15). This test also demonstrates that workload
strategies operate as expected in the event the tasks are staggered in time (Figure 114).
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atext

escent (4821} Q
hext_

* USER_Read

i Text string with exactly 100 chars - should take 6 seconds to read. 92_3_10_1_18 (48_179)

-

i USER_Read

{ Text string with exactly 50 characters - should take 3 seconds to read. 92_3_10_1_18 (48_181) mp

D>

3second delay task (48_194) JiD~

i USER_Read

[ Text string with exactly 50 characters - should take 3 seconds toread. 92_3_10_1_18 (43_190) -@2

Wait for all fc

: USER_Read

i Text string with exactly 100 chars - should take 6 seconds to read. 92_3_10_1_18 (48_193) - p

* USER_Read

N Text string with exactly 20 characters - should take 1.2 second toread. 92_3_10_1_18 (48_180)

P~

Figure 113. Task network for test case 3a for task duration; threshold = total, one task executes while two

RunNumb Time

1

PR R R R R R R

follow in overload, WM true.

Table 15. Code output for test case 2 for task duration; threshold = total, WM true.

Context Operator start/end TaskID  Task Name

0 descent Captain start 48_179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 101 18
6 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 101 18
6 descent Captain start 48 180  Text string with exactly 20 characters - should take 1.2secondtoread  92_3_10_1_18
7.2 descent Captain end 48 180  Text string with exactly 20 characters - should take 1.2secondtoread  92_3_10_1_18
7.2 descent Captain start 48_181  Text string with exactly 50 characters - should take 3 seconds to read 92 3101 18
10.2 descent Captain end 48_181  Text string with exactly 50 characters - should take 3 seconds to read 92 3 10 1 18
10.2 descent Captain  start 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92 3 101 18
13.2 descent Captain end 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92 3101 18
13.2 descent Captain start 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92 3101 18
19.1 descent Captain end 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92 310118
6
5 iGiimmTmmTnETETT———"" 00
=¢—"Visual
4 .
=— Auditory
3 R Cog Spatial
== Cog Verbal
2 == (Gross Motor
=0 Fine Motor
1
=== Voice
0
5 10 15 20 25
-1

Figure 114. Workload timeline output for test case 3a for task duration; threshold = total, on task executes

while two follow in overload, WM true.
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Test Case 3b: Threshold Bumped Up (Visual: 11.0, Cog Verbal: 7.0

{ Text string with exactly 100 chars - should take 6 seconds to read. 92_3_10_1_18 (48_179)
i USER_Read

escent (43_21) = W
atext

>
? USER_Read

“ Text string with exactly 50 characters - should take 3 seconds to read. 92_3_10_1_18 (48_181) "ﬁ

Wait forall fc

{ Text string with exactly 50 characters - should take 3 seconds to read. 92_3_10_1_18 (48_190)
i USER_Read

3 second delay task (48_194) @*

; Text string with exactly 100 chars - should take 6 seconds to read. 92_3_10_1_18 (48_193)
: USER_Read

_. Text string with exactly 20 characters - should take 1.2 second to read. 92_3_10_1_18 (48_180)
i USER_Read

Figure 115. Task network for test case 3b for task duration; threshold = total, one task executes while two
follow in overload, WM true, threshold for v 11, CV is 7.

Table 16. Code output for test case 3b for task duration; threshold = total, WM true threshold for v 11, CV

is 7.
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 .10_1 18
1 2.9 descent Captain start 48 180  Text string with exactly 20 characters - should take 1.2secondtoread 92 3_10_1 18
1 4.1 descent Captain end 48 180  Text string with exactly 20 characters - should take 1.2 secondtoread  92_3_10_1_18
1 4.1 descent Captain start 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92 3 101 18
1 6 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3 10118
1 7.2 descent Captain end 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92 3 10_1 18
1 7.2 descent Captain start 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92 3 101 18
1 7.3 descent Captain start 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92 3 101 18
1 10.2 descent Captain end 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92 3 101 18
1 13.3 descent Captain end 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92 3 101 18
12
10 ~
=¢—Visual
8 - Auditory
6 == Cog Spatial
=>e=Cog Verbal
4
I I I == Gross Motor
2 =@- Fine Motor
=== Voice
0
5 10 15
-2

Figure 116. Workload timeline output for test case 3b for task duration; threshold = total, one task executes
while two follow in overload, WM true.

Test Case 4: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), All Strategies
Weighted
Workload Management Flag set to True (Non-transition times hidden).
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In test #4 illustrated in Figure 117, the operator is allowed to perform at most one
primitive at a time without being in overload. This is demonstrated in the test below by
the fact that no two primitives overlap in Clock time (Table 17). This test also
demonstrates that the highest priority strategy, in this case duration, still works as
expected when all other strategies are weighted (Figure 118).

-

4RICYsVMCand Context Changers B3+

§ Text string with exactly 100 chars - should take 6 seconds to read, 92_3_10_1_18 48_179)
1 USER_Read

a8 21)

{ Text string with exactly 50 characters - should take 3 seconds to read, 92310118 (48_181) ¢
USER_Resd

¢ Text string with exactly 50 characters - should take 3 seconds to read, 92_3_10_1_18 {48_190) -
' USER_Resd

Text string with exactly 100 chars - should take 6 seconds to read, 92_3_10_1_18 48_193) )

USER_Read Wait forallthr

aa

§ Text string with exactly 20 charactars - should take 1.2 second to read, 92_3_10_1_18 48_180)
1_USER_Read

Figure 117. Task network for test case 4 for task duration; threshold = total, WM true, threshold for v is 10,

CViso.
Table 17. Code output for test case 4 for task duration; threshold = total, WM true threshold for v is 10, CV
is 6.

RunNumb Time Context Operator start/end TaskID  Task Name
1 0.2 descent Captain start 48_180  Text string with exactly 20 characters - should take 1.2 second to read 92_3_10_1_18
1 1.3 descent Captain end 48_180  Text string with exactly 20 characters - should take 1.2 second to read 92_3_10_1_18
1 1.4 descent Captain start 48_181  Text string with exactly 50 characters - should take 3 secondstoread 92_3_10_1 18
1 4.3 descent Captain end 48_181  Text string with exactly 50 characters - should take 3 secondstoread 92_3_10_1_18
1 4.3 descent Captain start 48 190  Text string with exactly 50 characters - should take 3secondstoread 92_3 10 1 18
1 7.4 descent Captain end 48_190 Text string with exactly 50 characters - should take 3 secondstoread 92_3_10_1_18
1 7.4 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92.3 101 18
1 13.4 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92.3 101 18
1 13.4 descent Captain start 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92.3 101 18

6

5 -——
=¢==Visual

4 = Auditory
==fe=Cog Spatial
== Cog Verbal
=== (Gross Motor
== Fine Motor

== Voice

0 5 10 15

Figure 118. Workload timeline output for test case 4 for task duration; threshold = total, WM true,
threshold for V is 10, CV is 6.
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Test Case 5: Threshold Greater Than total (Visual: 11.0, Cog Verbal: 7.0), All
Strategies Weighted
Workload Management Flag set to True (Non-transition times hidden)

In this test (task network shown in Figure 119), the operator is allowed to perform up to
two tasks simultaneously without being in overload. The Task Begin/End report excerpt
below demonstrates the Duration strategy is working by the fact that primitives 48 179,
48 190 and 48 193 (the primitives with the longest durations) are held back while the
first two primitives are still executing (Table 18). This test also demonstrates that the
highest priority strategy still works as expected when all other strategies are weighted
(Figure 120).

{ Taxt string with exactly 100 chars - should take 6 saconds to read, 92_3_101_18 48.179) 4
{_USER_Read

-
20 gy

¢ Textstring with exactly 50 characters - should take 3 seconds to read, 92_3_10_1_18 48_181) ’J\.
{_USER Resd

§ Text string with exactly 50 characters - should take 3 secondsto read, 92_3_10_1_18 48_190) ”‘
\ USER_Read

{ Text string with exactly 100 chars - should take 6 seconds to read, 92_3_10_1_18 48_193) ”.“

{_USER_Read Wait forallthn

¢ Textstring with exactly 20 characters - should take 1.2 second to read, 92_3_10_1_18 {48_180) hn_
1 _USER _Read

Figure 119. Task network for test case 5 for task duration; threshold > total, WM true, threshold for v is 11

CVis7.
Table 18. Code output for test case 5 for task duration; threshold > total, WM true threshold for vis 11, CV
is 7.

RunNumbetTime  Context Operator start/end TaskID Task Name
1 0 descent Captain start 48 180  Text string with exactly 20 characters - should take 1.2 second to read 92.3.10 1 18
1 0 descent Captain start 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92 3.10_1_18
1 1.1 descent Captain end 48 180  Text string with exactly 20 characters - should take 1.2 second to read 92.3.10 1 18
1 1.2 descent Captain start 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10 1 18
1 2.9 descent Captain end 48 181  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10 1 18
1 2.9 descent Captain start 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10 1 18
1 6 descent Captain end 48 190  Text string with exactly 50 characters - should take 3 seconds to read 92.3.10 1 18
1 6 descent Captain start 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10 1 18
1 7.2 descent Captain end 48 179  Text string with exactly 100 chars - should take 6 seconds to read 92 3.10_1_18
1 12 descent Captain end 48 193  Text string with exactly 100 chars - should take 6 seconds to read 92.3.10 1 18
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12
10
=¢—Visual
8 == Auditory
6 === Cog Spatial
=>¢=(Cog Verbal
4 == (Gross Motor
9 =0- Fine Motor
Voice
0 )
5 10 15
21

Figure 120. Workload timeline output for test case 5 for task duration; threshold > total, WM true threshold
forvis 11, CVis 7.

3. Cost Interruption Test

The Cost Interruption Test uses several instances of the same User Read primitive. This
primitive involves workload in the Visual and Cognitive Verbal Channels. By itself a
single instance of this primitive contributes a visual workload value of 5.0 and a
cognitive verbal workload value of 3.0. Each additional instance of the primitive adds
the same amount of workload.

In the network illustrated in Figure 121, all three primitives start at the exact same time
and take the exact same amount of time: (0.06) x (number of characters in the string),
which in this case is 0.06 x 100 = 6 seconds.

»4 Textstring with exactly 100 chars- should take 6 secondsto read, Cost= NONE (48_172) &,
1 _USER_Read

e Contastis descant (48.21)-—. O —
OP-setcontet_— { T g wih cxaci 100 charsshould ke & seconds o ead, Cost= Low(#8175)
>4 USER_Read

{ Text sting with exactly 100 chars - should take 6 secondsto read, Cost= MODERATE (48_176)
>4 USER_Read

[Text stmg e 10D/ m=ah otk el 6 secors v read N oetaree = LIGHUBK 77} )
>} USER Read

Figure 121. Task network of Cost interruption test.

Each primitive is linked to a specific SEEV Start task whose Cost Importance value is
then inherited. The linked task is listed in the midasTask field for each primitive (Figure
122, Figure 123, Figure 124, Figure 125):
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Name: Text string with exactly 100 chars - should take 6 ID: |48_172
seconds to read, Cost = NONE < bd
Item ID: [172 v

Primitive: |USER_Read v

Parameter Value
0000000000-0000000000-0000000000-0000C

92_3_10_1_18 C& - S0l Descent “Aviate"

midasTask

Figure 122. SEEV start primitive linked to MIDAS primitive, parameter input, cost importance is inherited.

Name: [Text stiing with exactly 100 chars - should take 6 ID: (48 175 < 2 >
seconds to read, Cost = Low
Item ID: [175 v
Primitive: |USER_Read v
Parameter Value
0000000000-0000000000-0000000000-0000C

92_3 10_1_19 CA - S0IA Descent "Separate'

midasT ask

Figure 123. SEEV start primitive linked to MIDAS primitive, parameter input, cost importance is inherited

Name: Text stiing with exactly 100 chars - should take 6 1D: [48 176
seconds to read, Cost = MODERATE < 2|
Item ID: [176 v

Primitive: |USER_Read v

Parameter Value
0000000000-0000000000-0000000000-0000C

92_3_10_1_20 CaA - SOI4 Descent "Navigate"

midasT ask

Figure 124. SEEV start primitive linked to MIDAS primitive, parameter input, cost importance is inherited

Name: [Text string with exactly 100 chars - should take 6 ID: |48 177 < 5
seconds to read, Importance = HIGH
Item ID: [177 v

]

Primitive: |USER_Read

Parameter Value
0000000000-0000000000-0000000000-0000C

92_3.10_1_21 CA - SOIA Descent "Communicate

midasT ask

Figure 125. SEEV start primitive linked to MIDAS primitive, parameter input, cost importance is inherited
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The SEEV Tasks referenced in the primitives above may be found in the Captain’s SEEV
Settings for the Descent context, SOIA Scenario and under IMC Conditions (see Figure
126):

Exoecfancydmng SOIADescent- CA(92_3_10_1 10;

(—>* SEEV_Expecta e
Set SEEV
= ae CA-SOIA Descenl Aviate” (92_3_10_1_18)
N P [ SEE/STARTTaskSe - /’
231017
| . CA-SOIA Descent"Separate” (32_3_10_1_19)
SEEV_START Task_Set 17

e CA-SOIA Oum( “Navigate® L92_3_10_1_20)

SEEV_START Task_Set )
po CA- SOIADescent “Communicate™ (92_3_10_1_21)

SEEV_START Task_Set

CA- SOIADescent S-n‘erm (92_3_10_1 221

SEEV_START_Task_Set 17

Figure 126. Task network example of SEEV start tasks.

In this test, the value of the Interruption Cost was modified while all other values
(Importance and Duration) remained the same. The example in Figure 127 shows the
Cost of Interruption being set to None displays:

Name: [C4, - 5014 Descent "Aviate" ID:192.3 10_1_18 < 5
Item ID: [18 v
Primitive: |SEEV_START_Task_Set v
Parameter Value

Task Importance: |Costof[ntenuptlon None |

Area Of Interest elevance of AD to task set

R
0
Front_Left_Window 1]
Right_Window 1] =
Front_Right_Window 1]
Fixation_Point_Near_Jepp 1]

0

n

Fixation_Point_Near_Mode_Control_Panel
Fixatinn Pnint Near | awer FICAS

Figure 127. Cost of interruption setting in the SEEV start task set.

Aviate Task: Cost of Interruption set to NONE
Separate Task: Cost of Interruption set to LOW
Navigate Task: Cost of Interruption set to Moderate
Communicate Task: Cost of interruption set to HIGH

Next, the prioritization of the Workload/Task Management Strategies were set by
accessing the User Simulation Settings in the Figure 128 (a) MIDAS tree, clicking on it,
to show (b) its properties.
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= | gi“a“m — E Workload Management Settings
- ser_ imulation_ .. . .
&3 Environment: MasEnvironmenﬂ Pr!OIfl}' We!ght!ng Duration 0
&P Operators: Captain, First_Officer, ATC_Controller Priority WWeighting Importance 0
] E"‘ef”‘"' C°"”L'?°“°”s Priority Weighting Interrupt Cost 4
+ nvironment List r— T
5 @ Crewstation List F’non.ty Welg'htmg Urgency 0
+- @ Operator List Redline Auditory 4
-3 Situation Awareness Model List Redline Cognitive Spatial 4
84 Pimiives Redline Cognitive Verbal 7
+- @) Vehicle List - -
@) Task List Redline Fine Mator 4
#-@ Functions Redline Gross Motor 4
&) Variables . .
@ Sharp Tak 360 Fiedl!ne Visual 11
. Redline Vocal 4
Flgpre 128a. Workload management strategies Figure 128b. Workload management settings
settings through the User simulation pull down window

menu in the properties window.

e Interrupt Cost: set to the highest value of 4 in order that the cost of
interruption determines the priority of the next primitive to occur. All other
strategies’ settings are set to zero.

¢ Redline Visual: depending on the test being run, this value is set to 10 in order to
cause an overload condition when two or more of the User Read primitives are
encountered simultaneously or to 11 to allow a maximum of two User Read
primitives to happen simultaneously.

¢ Redline Cognitive Verbal: depending on the test being run, this value is set to 6
in order to cause an overload condition when two or more of the User Read
primitives are encountered simultaneously or to 7 to allow a maximum of two
User Read primitives to happen simultaneously.

Results:

Test Case 1: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)

Workload Management Flag set to False (This is a baseline run to test the absence of
workload management strategies) (Nonessential data hidden)

In the absence of workload strategy, all simultaneously encountered tasks are taken on
(Table 19). Workload well exceeds the 11.0 and 7.0 redlines (Figure 129).

Table 19. Code output for test case 1 for cost of interruption; threshold > total, WM false.

RunNumber Time Context Operator start/end TaskID  Task Name

1 0 descent Captain start 48 172 Text string with exactly 100 chars - should take 6 seconds to read Cost =NONE

1 0 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low

1 0 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 0 descent Captain start 48 177  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 seconds to read Cost =NONE

1 6 descent Captain end 48_175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low

1 6 descent Captain end 48_176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 6 descent Captain end 48_177  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
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25

20 W —o—Visual

15 =— Auditory
==fe=Cog Spatial

10 Cog Verbal
=3ie=Gross Motor
== Fine Motor
=== Voice

Figure 129. Workload timeline output for test case 1 cost of interruption; threshold > total, WM false.

Test Case 1: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to True (Nonessential data hidden).

The operator is allowed to perform up to two tasks simultaneously without being in
overload. The task network used can be found in Figure 130. The Task Begin/End report
excerpt below demonstrates the Interruption Cost Strategy by the fact that the primitives
with the lowest interruption cost values, 48 175 and 48 172, are held back while the
primitives with the higher interruption cost still execute (Table 20). The effect on the
runtime workload output can be found in Figure 131.

."' Text string with exactly 100 chars - should take 6 seconds to read, Cost= NONE (48_172)"
{_USER_Re=d

e Py ~ wd ™
tis descent (48.24) 19 Text string with exactly 100 chars - should take 6 seconds to read, Cost = Low @8_175)  »
tcomet USER_Read

\_,4 Text string with exactly 100 chars - should take 6 seconds to read, Cost= MODERATE 48_176) -
\_USER_Read

;4 Text string with exactly 100 chars - should take 8 seconds to read, Imporntance = HGH #8_177) .‘. .
{_USER_Read Waitfors

Visual: 5.0, Cog Verbat 30
_Redline Visual: 11, CogVerbat

Figure 130. Task network for test case 5 for cost of interruption; threshold > total, WM true, threshold for v
11CVis7.

Table 20. Code output for test case 5 for cost of interruption; threshold > total, WM true threshold for v 11,
CVis7.
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RunNumb Time

Context

Operator start/end Task ID

Task Name

2/13/20

1 0 descent Captain start 48 177  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 0 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 6 descent Captain end 48 177  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 6 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
1 6 descent Captain start 48 172  Text string with exactly 100 chars - should take 6 secondstoread  Cost =NONE
1 12 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
1 12 descent Captain end 48 172  Text string with exactly 100 chars - should take 6 secondstoread  Cost =NONE
12
=¢—Visual
== Auditory
==fe=Cog Spatial
=>¢=(Cog Verbal
4 === (Gross Motor
=0- Fine Motor
2 .
Voice
0 )
0 10 15

Figure 131. Workload timeline output for test case 1 cost of interruption; threshold > total, WM true.,
threshold for V is 11, CVis 7.

Test Case 2: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0)
Workload Management Flag set to True (Nonessential data hidden).

In the test below, the operator is limited to performing only one primitive at a time. The
results in the Task Begin/End excerpt below clearly demonstrate that the primitive with

the highest interruption cost is always performed first (Table 21). The workload timeline
output confirms this as well (Figure 132).

Table 21. Code output for test case 2 for task duration; threshold = total, WM true, threshold for V is 10,

RunNumb Time

1

PR R R R R R

Context

0 descent

6 descent

6 descent
12 descent
12 descent
18 descent
18 descent
23.9 descent

Operator start/end Task ID

Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain

start
end
start
end
start
end
start
end

48 177
48 177
48 176
48_176
48175
48_175
48172
48 172

CVis 6.

Task Name

Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
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=¢—Visual
4 == Auditory
3 08 Spatial
=>¢=(Cog Verbal
2 === (Gross Motor
1 =0- Fine Motor
Voice
o R e
5 10 15 20 25 30
-1

Figure 132. Workload timeline output for test case 2 cost of interruption; threshold = total, WM true,
threshold for V is 10, CV is 6.

Test Case 3: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), One Task
Executes while Two Follow in Overload
Workload Management Flag set to True (Nonessential data hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload using the task network illustrated in Figure 133. This is demonstrated
in the test below by the fact that no two primitives overlap in Clock time (Table 22).
This test also demonstrates that the Interruption Cost strategy operate as expected in the
event the tasks are staggered in time due to the fact that both primitives with cost set to
High are executed before the primitive with cost set to Low (Figure 134).

>+4MEE MC 2nd Context Changer=iS7r -
.4 Text string with exactly 100 chars - should take s seconds to read, Cost = MODERATE (48_176) i Text string wi
"1_USER_Read \USER_Read

3 second delay task (48_180) §

Text string with exactly 100 chars - should take € seconds to read, Impontance =HIGH (48_177) - ';
USER_Read h
! Text string with exactly 100 chars - should take 6 seconds to read, Cost =Low (48_175) 3
1 USER _Reac

b

Each has Visuzl 5.0 and Cog Spatizl 3.0,
Reline for 10.0, Redline for Cog Verbal: 6.0
One task executes. two follow in overload

Figure 133. Task network for test case 3 for cost of interruption; threshold = total, one task executes while
two follow in overload, WM true.

Table 22. Code output for test case 3 for cost of interruption; threshold = total, WM true, threshold for V is
10,CV is 6.
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RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds toread  Cost = MODERATE
1 6 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read = Cost = MODERATE
1 6 descent Captain start 48 181  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 12 descent Captain end 48 181  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 12 descent Captain start 48 177  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 18 descent Captain end 48 177  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 18 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read  Cost = Low
1 23.9 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read  Cost = Low
6
5 ‘
=¢—Visual
4 - Auditory
=== Cog Spatial
3 —7
=>¢=(Cog Verbal
2 == (Gross Motor
=0- Fine Motor
1 Voice
0 R
0 5 10 15 20 25 30

Figure 134. Workload timeline output for test case 3 for cost of interruption; threshold = total, one task
executes while two follow in overload, WM true.

Test Case 4: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), All Strategies
Weighted
Workload Management Flag set to True (Non-transition times hidden).

In this test, the operator is allowed to perform at most one primitive at a time without
being in overload. The workload management settings can be found in Figure 135. Figure
107 shows the task network used. In the current test no two primitives overlap in Clock
time (Table 23). This test also demonstrates that the highest priority strategy, in this case
Interruption Cost, still works as expected when all other strategies are weighted (Figure
136). The corresponding workload timeline output can be found in Figure 137.

E Workload Management Settings
Priority Weighting Duration
Priority Weighting Importance
Priority Weighting Interrupt Cost
Priority ‘W eighting Urgency
Redline Auditory
Redline Cognitive Spatial
Redline Cognitive Verbal
Redline Fine Motor
Redline Gross Motor
Redline Visual
Redline Vocal

Figure 135. Workload management settings window for Threshold = total (Visual: 10.0, Cog Verbal: 6.0),
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=

o8 Text string with exactly 100 chars - should take 6 seconds to read, Cost =HIGH (48_177) -
" \_USER Read

22)

USER Read

‘.;’ Text string with exactly 100 chars - should take § seconds to read, Cost =MODERATE (48_17¢) -pL
L}

h

o4 Textstring with exactly 100 chars - should take 6 seconds to read, Cost =Low (48_175) —
"\ _USER_Read

Each has Visual 5.0 and Cog Spatial 3.0.
Reline for Vis: 10.0, Redline for Cog Verbal: 6.0

Figure 136. Task network for test case 4 for cost of interruption; threshold = total, WM true (Visual: 10.0,

Cog Verbal: 6.0).

Table 23. Code output for test case 4 for cost of interruption; threshold = total, WM true (Visual: 10.0, Cog

Verbal: 6.0).
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48_177  Text string with exactly 100 chars - should take 6 seconds to read Cost = HIGH
1 6 descent Captain end 48 177  Text string with exactly 100 chars - should take 6 seconds to read Cost = HIGH
1 6 descent Captain start 48_176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 12 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 12 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
1 18 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
6
5 ——
== Visual
4 .
== Auditory
3 === Cog Spatial
== Cog Verbal
2 == (Gross Motor
=0 Fine Motor
1
et V0ice
0
10 15 20
-1

Figure 137. Workload timeline output for test case 4 cost of interruption; threshold = total, WM true
(Visual: 10.0, Cog Verbal: 6.0).
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Test Case 5: Threshold Greater Than total (Visual: 11.0, Cog Verbal: 7.0), All
Strategies Weighted
Workload Management Flag set to True (Non-transition times hidden).

In this test, the operator is allowed to perform up to two tasks simultaneously without
being in overload. The Task Begin/End report excerpt below demonstrates the Cost of
Interruption strategy in use by the fact that the primitive with the lowest cost value,

48 175, is held back while the first two primitives execute (Table 24). This test also
demonstrates that this strategy still works as expected when all other strategies are
weighted (Figure 138).

Table 24. Code output for test case 5 for cost of interruption; threshold > total, WM true (Visual: 11.0, Cog

Verbal: 7.0).
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 177  Text string with exactly 100 chars - should take 6 seconds to read = Cost = HIGH
1 0 descent Captain start 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 6 descent Captain end 48 177  Text string with exactly 100 chars - should take 6 seconds to read Cost = HIGH
1 6 descent Captain end 48 176  Text string with exactly 100 chars - should take 6 seconds to read Cost = MODERATE
1 6 descent Captain start 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
1 12 descent Captain end 48 175  Text string with exactly 100 chars - should take 6 seconds to read Cost = Low
12
10
=¢—Visual
8 .
== Auditory
6 === Cog Spatial
=>¢=(Cog Verbal
4 == (Gross Motor
2 =0 Fine Motor
Voice
0 )
‘i) 5 10 15
-2

Figure 138. Workload timeline output for test case 5 cost of interruption; threshold = total, WM true.
4. Task Urgency/Delay Test

The Task Urgency Test uses several instances of the same exact User Read primitive.
All instances are identical in Importance, Duration and Cost Interruption. This primitive
involves workload in the Visual and Cognitive Verbal Channels. By itself a single
instance of this primitive contributes a visual workload value of 5.0 and a cognitive
verbal workload value of 3.0. Each additional instance of the primitive adds the same
amount of workload.
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In Figure 139, all three primitives start at the exact same time and take the exact same
amount of time: (0.06) x (number of characters in the string), which in this case is 0.06 x

100 = 6 seconds.
- >+ 33 VMC 2nd Context Changeis 57~

,_4 Text string with exactly 150 chars - should take 9 seconds to read, Imponance =HIGH (48_178) N
\_USER_Read ) ol

__.‘: Text string with exactly 50 chars - should take 3 seconds to read, Impontance =HIGH (48_188)

L oope— = -
%&w»y ? USER_Read bj

S

Text string with exactly 100 chars - should take 8 seconds 1o read, Imponance =HIGH (48_189) ”‘W

USER _Read

Tt string with exaetly 100 chars - Should t2ke 6 sconds ta read, Imponance = HIGH (48_150) 4
USER_Resd

{ Text string with exactly 100 chars - should take 6 seconds to read, Impontance = HIGH (48_131) ",be
USER Resd

{ Text string with exactly 100 chars - should take 8 seconds 1o read, Imponance =HIGH (48_152) -
USER _Read

g Tt string with exactly 100 chars - should take § seconds toread, Impaniance = HIGH (48_181) =k
? USER_Reas W

Text string with exactly 100 chars - should take § seconds to read, Imponance =HIGH (48_182) “h
USER_Read b

g T

ext string with exactly 100 chars - should take § seconds to read, Importance =HIGH (48_185) iy
{_USER_Read )

Figure 139. Task network for task urgency test.

Each primitive is linked to a specific SEEV Start task whose Cost of Interruption and
Importance values are then inherited (Figure 140). The linked task is listed in the
midasTask field for each primitive:

A
Name: Text string with exactly 100 chars - should take 6 seconds to ID: (48 172 5

read, Importance = HIGH em D: [77 =

Primitive: |USER_Read v

Value
0000000000-0000000000-0000000000-0000C
92_3.10_1_18 CA - S0IA Descent “Aviate"

Parameter

midasT ask

Figure 140. Step to link SEEV start primitive to MIDAS primitive, parameter input.

The SEEV Tasks referenced in the primitives above may be found in the Captain’s SEEV
Settings for the Descent context, SOIA Scenario and under IMC Conditions (Figure 141):
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=
—— »e Expectancyduring SOIA Descent- CA(92_3_10_1_10)

SEEV_Expectancy - kg

?:IL%E‘EQYEII CA -SOIA Descent"Aviate” (92_3_10_1_18) =

high level tasks A S SEEV_START_Task_Set 17

9231017 —
CA- SOIA Descent "Separate”(92_3_10_1_19)
SEEV_START_Task_Set / 7

CA- SOIADescent "Navigate" (92_3_10_1_20)
SEEV_START_Task_Set 17

w2
CA-SOIA Descent"Communicate” (92_3_10_1_21)
SEEV_START_Task_Set 17

w2
CA -SOIA Descent"Systems” (92_3_10_1_22)
SEEV_START_Task_Set 124

Figure 141. Task network example of SEEV start tasks.

In this test, the value of the Interruption Cost and Task Importance are held constant
for all instances of the primitive (Figure 142).

C4 - 5014 Descent "Aviate” ID: [32_3_10_1_18

Name:

Primitive: |SEEV_START_Task_Set v

Parameter Value

Task Importance: |High v Cost of Interruption: | None v I

Area OF Interest Relevance of ADI to task set =

Front_Left_Window

Right_indow

Front_Right_Window
Fization_Point_Near_Jepp
Fixation_Point_Near_Mode_Control_Panel
Fixation_Point_Near_Lower_EICAS
Fixation_Point_CDU_C&.

Fixation Point CDU FO

Figure 142. Task importance flag and cost of interruption settings.

coocoococococoo

Next, the prioritization of the Workload/Task Management Strategies were set through
the User Simulation Settings in the MIDAS tree (Figure 143a) and the Properties for the
Workload Management (Figure 145b).

=- B8 Simulations ‘Workload Management True
ER-N m El Simulation To Execute
Environment: MidasE nvironment1 Is Primary Simulation True
«® Dperators: Captain, First_Officer, ATC_Controller El Workload Management Settings
External Connections Priority Weighting Duration 0
% Environment List Priority Weighting Importance 0
@) Crewstation List Priority Weighting Interrupt Cost 0
% Operator List Prioti}y Weighting Urgency 4
Situation Awareness Model List Redine Auditory : 4
? Primitives Fledl!ne Cogn!t!ve Spatial 4
% Vehicle List F!edl!ne pognntlve Verbal 7
% Task List Redline Fine Motor 4
. Redline Gross Motor 4
. FurTctlons Redline Visual n
@ Variables Redine Vocal PR

@ Sharp Talk 360

(a) (b)

Figure 143. (a) Workload management settings window for task urgency and (b) workload management
values.
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e Priority Weighting Urgency: set to the highest value of 4 in order that the
Urgency determines the priority of the next primitive to occur.

¢ Redline Visual: depending on the test being run, this value is set to 10 in order to
cause an overload condition when two or more of the User Read primitives are
encountered simultaneously or to 11 to allow a maximum of two User Read
primitives to happen simultaneously.

¢ Redline Cognitive Verbal: depending on the test being run, this value is set to 6
in order to cause an overload condition when two or more of the User Read
primitives are encountered simultaneously or to 7 to allow a maximum of two
User Read primitives to happen simultaneously.

Results:

Test Case 1: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)
Workload Management Flag set to False® (Nonessential data rows hidden).

The task network model for the Test Case 1 can be found in Figure 144. In the absence
of workload strategy, all simultaneously encountered tasks are taken on (Table 24).

Workload well exceeds the 11.0 and 7.0 redlines (Figure 145).

-
Texts: sting «nr exzctly 150 chars - should take 3 saconds 1o read, Imponance = HIGH (48_178)
" USER _

i "' USER_Rez

Text string ml?‘ exactly 50 chars - should take 3 seconds to read, Impontance =HIGH (48_188)

sary

#)

§ Text string with exactly 100 chars - should take 6 seconds to read, Importance = HIGH (48_189)
1 UsErR Ress

"fp,/i,

{ Text string with exactly 100 chars - should take 6 seconds to read, Importance = HIGH (48_190)
{_USER_Read

s

$)

§ Textstring

-
chars - should take § seconds to read, Impontance = HIGH (48_131) fbé

with exactly 1
YSER, Rez
{ Textstring m\rex ctly 1

1 UsEr Res

chars - shoukd take 6 seconds to read, Importance = HIGH (48_152)

P

o

tuser

. s
3§ Text string with exactly 100 chars - shoukd take 6 seconds to read, Impontance =HIGH (48_181) b y
? USER Rezc {0
{ sar
|_.{ Textstringwith exactly 100 chars - shouid take 6 seconds 1o read, Imponiance = HIGH (48_182)
USER_Rezd bl
.
N

§ Text string with exactly 100 chars - should take 6 seconds to read, Importance = HIGH (48_186)
Rezd

{

Figure 144. Task network for test case 1 for task urgency; threshold > total, WM false (Visual: 11.0, Cog

Verbal: 7.0).

3 This is a baseline run to test the absence of workload management strategies
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Table 25. Code output for test case 1 for task urgency; threshold > total, WM false (Visual: 11.0, Cog

Verbal: 7.0).
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 178  Text string with exactly 150 chars - should take 9 seconds to read Importance = HIGH
1 0 descent Captain start 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 0 descent Captain start 48 181  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 0 descent Captain start 48 182  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 0 descent Captain start 48 186  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 2.9 descent Captain end 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 2.9 descent Captain start 48_189  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 2.9 descent Captain start 48 190  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 181  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 182  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 6 descent Captain end 48 186  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain end 48 189  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain end 48 190  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain start 48 191  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain start 48 192  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9.7 descent Captain end 48 178  Text string with exactly 150 chars - should take 9 seconds to read Importance = HIGH
1 15 descent Captain end 48 191  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 15 descent Captain end 48 192  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
35
30 A
=—¢—"Visual
25
== Auditory
20 ==fe=Cog Spatial
=>¢=(Cog Verbal
15
== (Gross Motor
10 =0- Fine Motor
5 Voice
0 )
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Figure 145. Workload timeline output for test case 1b task urgency; threshold > total, WM false (Visual:

11.0, Cog Verbal: 7.0).

Test Case 1b: Threshold Greater than total (Visual: 11.0, Cog Verbal: 7.0)

Workload Management Flag set to True (Nonessential data hidden).

The measure of interest in the following test is termed the delay time measure. The delay
time measure indicates the point at which the delay time counter starts. Early delay times
will be started before later delay times. In the test below, the operator is allowed to
perform up to two primitives simultaneously (See Table 26). The primitives 48 181,
48 182 and 48 186 are clearly given priority over tasks 48 189, 48 190, 48 191 and

48 192. This is shown by the earlier onset of the “delay time” measure. The impact on
the workload model can be found in Figure 146.
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Table 26. Code output for test case 1b for task urgency; threshold > total, WM true (Visual: 11.0, Cog

RunNumb Time

1

PR R RPRRPRRPRRRRRRRERRR R

Context

0 descent

0 descent
2.9 descent
2.9 descent
9 descent

9 descent
9.7 descent
9.7 descent
15 descent
15 descent
15.7 descent
15.7 descent
20.9 descent
20.9 descent
21.7 descent
21.7 descent
26.9 descent
27.7 descent

Operator start/end Task ID

Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain
Captain

start
start
end
start
end
start
end
start
end
start
end
start
end
start
end
start
end
end

48 178
48 188
48 188
48 181
48 181
48 182
48 178
48 186
48 182
48 190
48 186
48 189
48 190
48 192
48 189
48 191
48 192
48 191

Verbal: 7.0).

Task Name

Text string with exactly 150 chars - should take 9 seconds to read
Text string with exactly 50 chars - should take 3 seconds to read
Text string with exactly 50 chars - should take 3 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 150 chars - should take 9 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read
Text string with exactly 100 chars - should take 6 seconds to read

12

10 M—
=¢—Visual
8 =~ Auditory
==fe=Cog Spatial
6 ﬁ —=Cog Verbal
4 == (Gross Motor
> ¢ =0- Fine Motor
2 Voice
0 R T
0 5 10 15 20 25 30

Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH

Figure 146. Workload timeline output for test case 1b task urgency; threshold > total, WM true (Visual:
11.0, Cog Verbal: 7.0).

Test Case 2: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0)
Workload Management Flag set to True (nonessential data hidden).

The measure of interest in the following test is termed the delay time measure. The delay
time measure indicates the point at which the delay time counter starts. Early delay times
will be started before later delay times. In this test, the operator is allowed to perform up

to one primitive at a time. Once again primitives 48 181,48 182 and 48 186 are

clearly given priority over tasks 48 189, 48 190, 48 191 and 48 192 due to their early
delay (see Table 23). This is shown by the earlier onset of the “delay time” measure. The
workload timeline produces the expected constant workload (Figure 147).
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Table 27. Code output for test case 2 for task urgency; threshold = total, WM true (Visual: 10.0, Cog

Verbal: 6.0).
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 2.9 descent Captain end 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 2.9 descent Captain start 48 178  Text string with exactly 150 chars - should take 9 seconds toread  Importance = HIGH
1 12.7 descent Captain end 48 178  Text string with exactly 150 chars - should take 9 seconds toread  Importance = HIGH
1 12.7 descent Captain start 48 186  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 18.7 descent Captain end 48 186  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 18.7 descent Captain start 48 182  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 24.7 descent Captain end 48 182  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 24.7 descent Captain start 48 181  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 30.7 descent Captain end 48 181  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 30.7 descent Captain start 48 189  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 36.7 descent Captain end 48 189  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 36.7 descent Captain start 48 190 Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 42.7 descent Captain end 48 190 Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 42.7 descent Captain start 48 192  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 48.7 descent Captain end 48 192  Text string with exactly 100 chars - should take 6 seconds to read  Importance = HIGH
1 48.7 descent Captain start 48 191  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH
1 54.7 descent Captain end 48 191  Text string with exactly 100 chars - should take 6 seconds toread  Importance = HIGH

== Visual
4 = Auditory
==fe=Cog Spatial
3 —— —Cog Verbal

=== (Gross Motor

2
=0- Fine Motor
1 Voice
0 —
0 10 20 30 40 50 60

Figure 147. Workload timeline output for test case 2 task urgency; threshold = total, WM true (Visual:
10.0, Cog Verbal: 6.0).

Test Case 3: the corresponding Test 3 scenario for the Urgency strategy has been omitted due to the fact
that Urgency already requires a task in progress.

Test Case 4: Threshold Equal to total (Visual: 10.0, Cog Verbal: 6.0), All Strategies
Weighted
Workload Management Flag set to True (Non-transition times hidden).

In test case 4 whose settings can be found in Figure 148, the operator is allowed to
perform at most one primitive at a time without being in overload. This is demonstrated
in the test below by the fact that no two primitives overlap in Clock time (Table 28). As
with the earlier tests in this section, the measure of interest in the following test is termed
the delay time measure. The delay time measure indicates the point at which the delay
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time counter starts. Early delay times will be started before later delay times. The
Urgency priority is clearly demonstrated by the fact that primitives 48 181, 48 182 and
48 186 are given priority over tasks 48 189,48 190,48 191 and 48 192. This test also
demonstrates that the highest priority strategy, in this case Urgency, still works as
expected when all other strategies are weighted. This is shown by the earlier onset of the

“delay time” measure (see Table 28). The workload timeline produces the expected

constant workload (see Figure 149).

Workload Management True
E Simulation To Execute
Is Primary Simulation True

E Workload Management Settings
Priority Weighting Duration 1
Priority WWeighting Importance
Priority Weighting Interrupt Cost
Priority Weighting Urgency
Redline Auditory

Redline Cognitive Yerbal
Redline Fine Motor
Redline Gross Motor

Redline Visual

2
3
4
4
Redline Cognitive Spatial 4
6
4
4
1
4

Redline Vocal

Figure 148. Workload management settings window.

Table 28. Code output for test case 4 for task urgency; threshold = total, WM true (Visual: 10.0, Cog

Verbal: 6.0).
RunNumb Time Context Operator start/end TaskID  Task Name
1 0 descent Captain start 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 2.9 descent Captain end 48 188  Text string with exactly 50 chars - should take 3 seconds to read Importance = HIGH
1 2.9 descent Captain start 48 186  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain end 48 186  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 9 descent Captain start 48 182  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 15 descent Captain end 48 182  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 15 descent Captain start 48 181  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 20.9 descent Captain end 48 181  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 20.9 descent Captain start 48 178  Text string with exactly 150 chars - should take 9 seconds to read Importance = HIGH
1 30.7 descent Captain end 48 178  Text string with exactly 150 chars - should take 9 seconds to read Importance = HIGH
1 30.7 descent Captain start 48 189  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 36.7 descent Captain end 48 189  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 36.7 descent Captain start 48 190  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 42.7 descent Captain end 48 190  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 42.7 descent Captain start 48 192  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 48.7 descent Captain end 48 192  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 48.7 descent Captain start 48 191  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
1 54.7 descent Captain end 48 191  Text string with exactly 100 chars - should take 6 seconds to read Importance = HIGH
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Figure 149. Workload timeline output for test case 4 for task urgency; threshold = total, WM true, threshold

for Vis 10, CV is 6.

Test Case 5: Threshold Greater Than total (Visual: 11.0, Cog Verbal: 7.0), All
Strategies Weighted
Workload Management Flag set to True (Non-transition times hidden).

As with the earlier tests, the measure of interest in the following test is termed the delay
time measure. The delay time measure indicates the point at which the delay time counter
starts. Early delay times will be started before later delay times. In this test, the operator
is allowed to perform up to two primitives at a time. Primitives 48 181, 48 182 and

48 186 are given priority over tasks 48 189,48 190,48 191 and 48 192. This is shown
by the earlier onset of the “delay time” measure (as seen in Table 29). The addition of
other weights to other strategies has no impact on this model. The workload timeline
output can be found in Figure 150, and illustrates the expected drop given the thresholds

n case 5.

Table 29. Code output for test case 5 for task urgency; threshold > total, WM true threshold for v 11, CV is
7.

RunNumb Time
1

R R RRRRRRRRRRRRRRR

Context

0 descent

0 descent
2.9 descent
2.9 descent
6 descent

6 descent

9 descent

9 descent
12 descent
12 descent
18 descent
18 descent
18.7 descent
18.7 descent
23.9 descent
23.9 descent
24.7 descent
29.9 descent

Operator start/end Task ID

Captain start 48 188
Captain  start 48 186
Captain end 48 188
Captain  start 48 182
Captain end 48 186
Captain  start 48 181
Captain end 48 182
Captain start 48 178
Captain end 48 181
Captain start 48 190
Captain end 48_190
Captain start 48 189
Captain end 48_178
Captain start 48 191
Captain end 48 189
Captain start 48 192
Captain end 48 191
Captain end 48 192

Task Name

Text string with exactly 50 chars - should take 3 seconds to read

Text string with exactly 100 chars -

should take 6 seconds to read

Text string with exactly 50 chars - should take 3 seconds to read

Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 150 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 150 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
Text string with exactly 100 chars -
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should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 9 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 9 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read
should take 6 seconds to read

Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH
Importance = HIGH



MIDAS 5.0 Training 2/13/20

12
10 M
=¢—Visual
8 = Auditory

=== Cog Spatial

6 ﬁ
=>¢=(Cog Verbal

=== (Gross Motor

4
b —0— Fine Motor
2 Voice
0 —
0 10 20 30 40

Figure 150. Workload timeline output for test case 5 for task duration; threshold > total, WM true.
threshold for v 11, CV is 7.

Discussion and Conclusion

This document explains the rationale used to generate a computational model of operator
workload for MIDAS v5 and to verify its performance. As outlined in the introduction,
MIDAS possesses two distinct approaches to represent workload and its impact on
operator performance both of which rely on the Multiple Resource Theory (MRT)
operating behind the scenes to impact performance. The first step was to verify the
operation of the MRT and the conflict matrix. This was completed in the first test that
illustrated the workload spikes in performance that exceeded the threshold of operator
performance. This baseline output was then used as the benchmark to examine the impact
of the workload management model manipulations. The four workload management
manipulations evaluated the sensitivity of the parameters that make up MIDAS’s priority
schedule, namely the task importance, urgency, duration, and the interrupt cost. Success
of the model manipulations was revealed by (1) the difference in the workload timeline
output when compared to the baseline workload output that contained no workload
management model, and (2) the combination of the output string generated by the
MIDAS BeginEnd output file and the channel-specific workload timeline. The workload
management model output illustrated that the two measures (timeline and the task order)
are needed to correctly evaluate the output from the MIDAS workload management
model
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Chapter 5: The Simulation Scenario Being Modeled in
this Training Effort

It is necessary to outline the simulation scenario that you will be building at the present
time to give some of the instructions the proper context. The scenario you will be
building is meant to exercise the MIDAS model development environment, the procedure
development environment, and the Jack CAD simulation environment. Made up of a
human operator in a control room, with 5 monitors and 3 wall screens that reflect the
displays of the main monitors, a keyboard & 5 trackballs to interface with the monitors.
You will be defining a simulation of a Process Control Room operator conducting an
normal internal scan of some of the pieces of equipment in his world. Specifically, the
Control Room Operator’s goals are to:

1) Monitor the five displays and responding to both visual and auditory alerts in the
simulation.

2) Begin with a nominal scan of the monitors

3) Respond to an auditory alarm by reaching the keypad with his left hand and
acknowledging the alarm -- note this causes a change one of the monitors to display
emergency information, which is also displayed on the wall screen.

4) Receive a request from his supervisor to check pressure values. He looks up with an
emergency scan pattern and checks for a pressure value over 8§0. He comprehends the
information displayed on the screen extracting required information. During his scan,
the far left monitor gets into hibernation mode hence lowering his situation awareness
and workload.

Setting up Jack™

Start Jack™
e MIDAS operates with Jack™ version 4.1 to 7.0
e Double click the Jack™ icon
e You should see an empty Jack™ environment

Create a Jack™ human
e (Click on the Human menu
e Select Create -> Default Male
e Verify the male is now available in your Jack™ window

Load in the Jack™ objects
e Click on the File menu
Click on Import
Navigate to the directory containing the image objects
Select the chair.pss image
In the window that appears, click the Translate button
A new window will open, wait until some text scrolls through it until you see
“SUCCESS”
Click the Close button to remove that new window that came up
e Verify the object is now available in your Jack™ window
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e Repeat the process for the following images

O

O O O O O

O
O
@)
@)
O
O
@)
@)
O
@)
O
O
@)
@)
@)
O
O
@)
@)
@)
@)
@)

far right monitor.fig

right center monitor.fig

primary center monitor.fig

left center monitor.fig

far left monitor.fig

Wall Screen_Left.fig (this is a figure file that is sitting just on top of the
Wall Screenl 0

Wall Screen_center.fig

Wall Screen_center right.fig

keyboard.fig

Wall.fig (this is the wall on the right side of the plane)
Walll.fig (this is the wall on the left side of the plane)
Wall-Screenl.fig (this is the wall that has the 3 screens on it)
Wall0.fig (this is the ceiling)

trackpad border 1 0.fig

trackball 1 0.fig

trackpad border 1.fig

trackball 1.fig

trackpad border 10.fig

trackball 1 1.fig

trackpad border 10 1.fig

primary_trackball.fig

trackpad border 10 0.fig

trackball 10.fig

office chair.fig

joe.fig

office table large.fig

office table large0.fig

office table largel.fig

e Create a number of CAD objects in jack (for this step you will be creating a table
with two monitors on its surface and these figure files will be located in front of
the Jack™ anthropometrical figure that is sitting in the chair)

@)
@)
@)

Go to >Object >> Create Figure from Library
Select the Furniture option
Load the office-table-large.pss file.
= Move the table and place it at —15.75, 0, -22.16
Load a monitor from the furniture option (select the name of the figure file
and press the load icon)
= Select the object with the finger toolbar
= This will load a piece of furniture and will locate it at the 0,0,0
location with 0,0,0 rotation.
= Place the monitor on the left side of the large table
= E.g. the monitor should be at -3, 66.1, 58.73 with rotation of 0,
90.2, 0.
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©)

= Save the scene file
Attach the monitor to the table
= Move your mouse over the monitor, right click, select the “Attach”
option
= Unattach the monitor from the world, attach the monitor to the
table
= the monitor to the table
= Repeat this step
Add another monitor to the right of the first monitor you placed on the
table
= Complete the same steps as above but place the monitor at -1.31,
67.38, -8.1, rotation 0,-90.2,0
= Attach the monitor to the table as completed above
NOTE - attaching the monitor to the table will allow you to move the
table with the monitors on its surface as one unit.
Create a second large table and place this on the right side of the first
table, at an angle of 16 degrees
Place one monitor in the center of this table
Add a third table, this one to the right of the second table at an angle of —
36 degrees
= This will serve to make a bank of tables with a bank of computer
terminals which the jack operator will be set to interact with.

e Load a number of *.pss files into the Jack™ environment.

@)
@)
@)

Select the import option from the File pull-down menu in Jack
Import the relevant jack *.pss file.
See Figure 151.
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Figure 151. Jack and the environment being modeled in the training scenario.

Position the Jack™ objects

e Create a CAD object using the Jack™ software

e Move the chair to location cm = 107.52, -2.75, -40.17; .deg =2 155.4, -0.1

e Sit Jack™ in the chair — use one of the postures that are contained within the jack
software

o Step 1 create a jack™ figure

o Save the figure file as a new name — change it from “Human” to “Joe”

o Hover your mouse over the mannequin and right click. This will bring up
a series of actions possible on the mannequin. Move your mouse to the
postures choice and select a sitting posture for “Joe”

o Move Joe (the seated posture of the jack™ human figure) to the desired
location

o Edit the posture by selecting the human control/manipulation option in
jack to position the posture given the other CAD objects in the
environment

o Save the posture under a new name (e.g. “Joe 4 training)

e Move the primary center monitor in front of Jack™, to his right (get some
relative X, Y, Z coordinate — the training simulation has this monitor placed at
10.56, 65.85, -82.26; 0, -110.2, 0)

e Move the active monitor to the same location as the blank monitor

e Set the blank and active monitors to active and inactive

111



MIDAS 5.0 Training 2/13/20

Move the center left monitor in front of Jack™, to his left (the training
simulation has —1.31, 67.38, -8.1; deg 0, -90.1, 0)

Move the center right monitor in front of Jack™, to his right (the training
simulation has 43..73, 65.85, -148.78; deg 0, -124.9, 0)

Move the far left monitor in front of Jack™, to his left (the training simulation
has —3.00, 66.1, 58.73; deg 0, -90.2, 0)

Move the far right monitor in front of Jack™, to his right (the training simulation
has 88.59, 67.58, -198.48; deg 5.2, -134.1, 3.6)

Move the keyboard below the main monitor (29.22, 65.93, -74.75; deg 0, -114.5,
0)

Attach the Jack™ objects

Attach steps

Identify the figures that you would like to attach together

Upon initially creating a figure, it is attached to the world database. You need to
un-attach the figure from the world database and attach it to the desired figure file
and most importantly, the site location of the figure file. For example, if you are
trying to attach jack™’s hand to a hammer, you need to right mouse click on the
figure of interest (in this case the hammer), specify attach. This will bring up a
properties window of the hammer and this will note whether the figure is attached
to anything.

select SITE in the pull down menu in the jack software, select the finger tool of
the jack software, navigate to the jack™’s hand (specifically the palm), click on
this location and specify “attach”. This will bring up a window that should allow
you to select the one

Use the finger tool to select the figure of interest. This will highlight the figure
and will list the XYZ location in centimeters along the toolbar. These are the
values that need to go into MIDAS so that MIDAS has an awareness of the end
effectors of jack™’s objects and relative locations (the crewstation import
function in MIDAS should bring all of the XYZ’s over from Jack but in the event
that the simulation fails in some regard, double check the XYZ locations.

Create a camera

Create an object to attach camera to

o Go through create object steps

o Position the object

o Rotate the object
In the View Control window, click on the hand icon that’s to the right of the
Attach Object textbox
Click on the camera object created above
Note: The attach point is not saved, so this section will have to be repeated each
time the environment is loaded
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Create a Texture object in Jack™

e Details associated with creating textures will come when the Jack software is able
to better handle texture swapping.

Now that you have the operational environment defined and a rough idea of the look of
the simulation scenario and the components in the scenario, you can start to define the
elements and their interaction on the MIDAS side.

Setting up the MIDAS Crew Station List
e Right Click, on CrewStation List in the Tree View and select Add Crewstation
from the context menu (Figure 152).
o Select the newly created Crewstation named Crewstation 1
o Type “Control Room” in the Name field

MIDAS: Untitled.midas H=ET]

File Edt Execution View SharpTak3s0 Help
MBI RAREA[V > MO
B operstrproccaues |9 10 X cax
= 54| = & Simulations
2 02
g B Equipment
Equipment List 1 Equipment ltem Defined "
B Geometiy =) Crewstation List
Oriertation 0 @ @ Control Room
El Identification & @ Operator List
Control_Room @ Situation Awareness Model List
EIHTHAS) @ 4§ Pimitives
Vehicle <None> & @ Vehicl List
B Notes @) Task List
Notes & @ Functions
@@ Variables
@ Sherp Tak 360
Name
Name
Output vax
Beginning to load Plugins -~
 Plugins Midas CrewstationE ditor
Loaded: MAAD. Plugins Midas. Environm
Loaded: SharpTakExport Plugin
Loaded: MAAD Plugins Midas. MidasSharpT alkPlugin
Loade ins. Midas MidasT askE itorPugin
Loaded: MAAD. Plugins Midas. OperalorE ditor
Loaded: MAAD Plugins Midas. ScenarioEditor
Loaded: MAAD. Plugins Midas SimulalionEnginePlugin
Loaded: MAAD.Plugins Midas SituationalawarenessE dtorPlugin
Loaded: MAAD. Plugins Midas VehicleE ditor v
Message Real Time: Off  Flun Number Clock.

Figure 152. Setting up the crewstation list.

e The “Control Room” automatically adds a Default component into its list, select
the + sign to expose the default component (see Figure 153).
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Figure 153. Create component states.

o Type “keyboard” in the Name Field

o Right click the Component States ‘...” button to set the discrete state
component definitions (see Figure 154).

o Right click on keyboard. This defines the states, attributes associated with
the keyboard (Figure 154).
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Figure 154. Define component states.

e Right Click on Control Room, select Add Component,
o Add Discrete State Component (DSC)
o Type “Primary Center Monitor” in the Name field (see Figure 155).
o Add a state onto the primary center monitor (see Figure 156).
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Figure 156. Add state onto the primary center monitor in the control room.

Right click to define the attribute (see Figure 157) below.
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Figure 157. Define attributes on the primary center monitor.

NOTE: You will need to create a monitor that looks for the display attribute to change.
To do this, you will be using the scanning tasks that will cycle through all of the
attributes to determine their states. When all is normal, then it will just continue to scan.
If it is in an emergency state, then the scan will go to the emergency scan.

e Right Click on Control Room, select Add Attribute on the DSC, and add a routing
/repeating task on the attribute to update it. You create 2 primitives and 1 logic
piece to the mini-network (this mini-network will cycle upon itself continually).

o Add DSC Component, add attribute onto this DSC
o Name the attribute tball-far-left and define as being a rotational component with
spatial symbolic properties (see Figure 158).
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Figure 158. Defining the trackball entry device for the scenario.
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o Repeat for tball-center-right, tball-primary-center, tball-center-right, tball-

far-right
e Right Click on Control Room, select Add Component,

o Add DSC, name it “primary-center-monitor”

o Add a normal and emergency state to this display

o Assign parameters to this piece of equipment, assign the primitive
equipment_set component_state (this defines the base state of the piece of
equipment, see Figure 159).
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Figure 159. Primitive and parameters assigned to equipment state.

e Right Click on Control Room, select Add Component,
o AddDSC
o Name it “right-center-monitor”
o Add a normal and emergency state to this display
o

Define the states for the right center monitor in the task network model as
illustrated in Figure 160.
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Figure 160. Define states for the right center monitor.

e Right Click on Control Room, select Add Component,
o AddDSC
o Name it “left-center-monitor”
o Add a normal and emergency state to this display
e Right Click on Control Room, select Add Component,
o AddDSC
o Name it “far-left-monitor_position”
o Add a normal and emergency state to this display
e Right Click on Control Room, select Add a Fixation point,
o Add Fixation point
o Name it “Wall”
o Add 2 fixation points (“center”, and “far right”) to the Wall
e Right Click on Control Room, select add Component,
o Add DSC “Speaker”
o Add the attribute “auditory” and define this as being ‘sound emitting’
(form pull down menu) and name it ‘alarm’ (see Figure 161).
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Figure 161. Defining the speaker component.

Important Note: if you want to delete component or any crewstation piece of
information from the MIDAS window, right click your mouse on top of the item of
interest. This will bring up a list of possibilities including add and delete among others
that are contextually determined. Choose the delete option and this will remove the
component from the list.

Configuring Component States
When the component states are configured to work together, they will link the Jack file
names to the item in the task network model. When this happens, the information
becomes available to the perception model.
e Right Click on the Keyboard and select Add State
e Name the state “pressed”.
o Set the state to true
e Add another State to Keyboard named “not pressed”
o Set the initial state to false
e Assign a transition state to the attribute in the attribute collection editor of the
component “keyboard” — the transition states are defined under the “is active in
these” portion of the attributes pull down menu (see Figure 165).
= Click on the pull down attributes list (top ellipse in Figure 162)
menu and select “visualattribute 1 and assign this to pressed,
“visualattribute 2 and assign this to not-pressed.
= Define the transition by going to the component states list and
defining the attributes that are configured with the state (visual or
auditory; see Figure 162).
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e Cause the “right-center-monitor” to change to the Emergency State when the
Keyboard is pressed.
o Set up the task network operator procedures to include a reach arm (uses
the Welford variant of Fitt’s Law - ballistic movements) followed by a
press & release primitive (Shannon variant of Fitt’s law; see Figure 163)
o The equipment set component state primitive causes the item named
‘emergency mode’ to be visible while the ‘normal mode’ is not visible
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Figure 163. Procedures required to cause link the keyboard to the monitor change.
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o The component models will be linked to the Jack CAD models and at that
point, the displays will turn on or off depending on the state definitions
completed in the DSC tree view (Figure 164).

o The attributes of the keyboard are defined at the keyboard level and not at

the lower state level.
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Figure 164. Defining attributes of the component models to be linked in Jack/CAD software.

S mET R)9 %Y, 3296

o Define the “pressed” attribute of the keyboard state under Keyboard
(Figure 165)

o Define the “not pressed” attribute of the keyboard state under Keyboard
(Figure 166)
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Figure 16. Visual attribute 2 of state transition defined.

o To set the transition states — link the attributes to their active state. The
normal mode is active when the attributes are normal content while the
emergency model is active when the attributes are emergency content
(Figure 167)

o Define the equipment states in the task network model as illustrated in
(Figure 168, Figure 169)
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Figure 168. Define equipment states in the operator procedures window,
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Figure 169. Defining equipment values in the operator procedures window.

e Add 2 States to Right Monitor (Figure 170).
o Call them “normal mode” and “emergency mode”
o Set “normal mode” as the initial state.
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Figure 170. State definition of the right monitor.
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Click back up one level to the right center monitor and define attribute states (that you
will then tie to state definitions of the displays; see Figure 171).
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Figure 171. Attribute definition on display states.

e Add 2 States to Right Wall
o Call them “Blank” and “Emergency”

o Set Blank as the initial state by tying it back to the initial state of the
display (Figure 172).
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Figure 172. State definition of wall-right attributes.

e Add 2 States to “far-left-monitor position” (Figure 173).
o Name them “slave-on” and “slave-off”
o Set “slave-on” on as the initial state
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Figure 173. State definition of far left monitor.

Configuring Component Interactions

There are occasions in the model when pieces of equipment are tied together, for
instance, when a keyboard is pressed there will be an impact on another model in the
simulation. To configure these equipment components together, equipment definitions
will need to be created in the procedures window (see Figure 174). These equipment
definitions are tied to the DSC models in the tree view. If the DSC has defined states such
as on and off as in the slave on and off example above, then these states will be available
and can be tied together. If left as the default, then this will be the configuration that will
be possible through the pull down menu (see Figure 175).
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Figure 174. Configure equipment components.
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Figure 175. Example of a Figure being defined with default values.

Note: for best tracking between these elements in a model, it is suggested that the
equipment states in the operator procedures window be named similarly to the tree view
names. The states in the pull down menu of the equipment set component come from the
states that are defined in the crewstation components in the tree view.
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To configure the far left monitor to the states “on” and “off” which have been defined in
the DSC tree view, tie the far left monitor equipment definition to the relevant parameters
(crewstation 1, far left monitor, and slave on/off; Figure 176). If a definition has been
accidentally omitted, simply go into the tree view and define the states (e.g. on or off).
Then return to the equipment primitive and the option will be available in the pull down

menu.
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Figure 176. Configuring component interactions.

Setting up the Operator Procedures

S mE & EL) 430pm

To configure the tree view components to interact with each other, it is recommended
that the model be set up to launch effects from the operator procedures portion of the
software. All of the starting positions of the components in the model will need to be
defined —the routing task will be required as the first step.

Add a routing task and Name it Set Number of runs and other settings (Figure 177).
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Figure 177. Setting up the operator procedures and scenario tasks.

In the Main Properties, put in the beginning effect, NumberofRuns =1. This defines the
number of runs for the simulation. If you desire multiple runs (MC mode) then type the
number of runs you would like here (Figure 178).
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Figure 178. Settting up the model simulation settings.

To start creating the scenario and interacting with MIDAS, begin by entering some very
high level information into the task network as illustrated in Figure 179.

Create Three initialize model networks; one for the scan pattern, one for the equipment
states, and one for the Jack initial states (this last network will reset Jack’s anthropometry
so that the start point for the operator will be consistent throughout the various scenarios
and simulation runs (Figure 179).
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Figure 179. Exemplar of one settings node and three task networks that can be used to start the model.

Once the three operator procedures have been created as in Figure 179, define them as in
Figure 180.
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Figure 180. Define and name three start networks.

t Sharp G

Double click the scan pattern network (this will bring you to screen as illustrated in
Figure 181 and add a routing task in the primary operator scan pattern; one to go to visual

and one to go to auditory. This will be used when the scenario requires the response to
the alarm.
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Figure 181. Define scan pattern network.

Add a seev primitive for the visual fixations, and add an operator model for the auditory
monitoring task. Type in the desired name into the name field, for e.g. seev fixate for the

visual and op auditory monitor for the auditory (Figure 182; Figure 183; Figure 184;
Figure 185).
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Figure 182. Create operator attention networks.
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Figure 184. Defining the auditory monitor network.
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Figure 185. Assigning and defining the auditory model in the training scenario.

Import Crew Station Component size and position from Jack™
In this step we will map the names of component in MIDAS to the corresponding names
in Jack™ (Figure 186). The locations of component in MIDAS will be populated with
the locations from Jack™.

Right Click on Control Room and select Import Crew Station from Jack™.
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Figure 186. Importing crewstation components from Jack and mapping them to MIDAS component models
and states.
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e At this stage, you will want to map the Jack™ figures to the Crewstation components
(Figure 187).

“é:lf Import Crewstation Information From Jack 'LB‘E_@]
Crewstation Equipment: Jack Figures:
Control Room.keyboard A Joe ~
Control Room. keyboard. pressed camera
Control Room.keyboard.not_pressed office_table_large
Control Room.tball-far-left far_right_monitor
Control Room.tball-center-left office_table_large0
Control Room.tball-primary-center office_table_largel
Control Room.tball-center-right office_chair
Control Room.tball-far-right mouse_represent]
Control Room. primary-center-monitor ‘Wall_Screenl
Control Room.right-center-monitor | ‘Wall_Screen1_0 b

Mapped Crewstation Equipment:

Equipment Jack Figure Import Geometry ~
Control Room.th trackballl_0
Control Room.th: trackballl
Control Room.tb primary_trackball
Control Room.th. trackball10
Control Room.p primary_center_n
R (R Y il EALET Y (o e (] 5]
Remove Mapping

Figure 187. Map Jack figures to MIDAS crewstation component models.

¢ Note the MIDAS component names in left panel.

e Note that not all the figures in Jack™ appear in the right hand panel. The set of names
from Jack™ is too long causing a prematurely terminated communication from
Jack™. To work around this, do the following:

o Close the import crewstation dialog.

o In Jack, right click on all the track balls, the track ball bases, the tables and the
chair.

o Delete those objects.

o Do not save the scene. If you do save the scene when you exit, you risk
overwriting your original scene with the end state of the simulation.

e Open the Import Crew Station from Jack dialog

o Map the components from MIDAS to Jack as follows

o Select the Import button

o Reset Jack by deleting the Scene and reopening the .env file without saving
your changes from the scene with the deleted components.

Side bar: If you move an object in Jack you can update the location by re-doing the above

sequence, mapping only the objects you’ve moved.

e Note: when you bring over the Jack™ files to MIDAS, you will see the files’

positional information listed in the MIDAS window as exemplified with the keyboard
below (Figure 188).
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Properties: keyboard v B X
ox/2!
 Atributes
Attribute List (Collection)
E Component States
StatesList (Collection)
E Geometry
Animation Name keyboard
E] Bounding Box (Cm) (15.00. 5.00. 20.00)
Depth 5
Height 15
Width 20
E] Intial Postion (Cm) (29.22. 65.93, -74.75)
XCoord 2922
YCoord 65.93
ZCoord 7475
B Inial Rotation {rad) (0.00. 0.00. 0.00)
XRotation 0
YRotation 0
ZRotation 0
B Identification
Name keyboard
E Notes
Notes
Name
Name
1

Figure 188. Positional information of the model's C(n)rvnponents.

Modeling Side bar: You can change the XYZ location in MIDAS after having imported
the XYZ locations from Jack by typing over the respective X,Y,Z value. This will cause
Jack to look at the new X,Y,Z value that you inserted. This is a workaround step to get
Jack™ to fixate on the correct object site location.

The modeler will have to set the initial states of the pieces of equipment in the simulation
by creating a task network entitled set equipment states as exemplified in Figure 189
(task network 7). Figure 190 and Figure 191 illustrate the settings needed to cause the
displays to change, and then to be used by the modeled operator in the scenario.
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Figure 189. Task network to set equipment states that will change throughout the simulation.
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Figure 191. Definition state associated with the center monitor exceeding pressure of 80.

Adding a Component State, a second component, a Display state
= Add a new component state

= Select the component state by left clicking the mouse on the state of interest
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= Right click the state to add a component to the state (can be either a discrete state,
a base, a digital, rotational or textual component)
* In the case of a DSC, begin in the properties window and proceed to define the
Geometry information (as in Figure 192).
o Mouse click in the Animation Name field of the “Properties:” window (the
middle pane).
o Animation name — select the default identification name (“discrete state
component”) and insert the name you would like to call this display (e.g.
“normal_content”).

o Set the Auto Show/Hide Components to “True”

o Set the initialState to “True”

o Select the “normal content” in the tree view

o Add a DSC to this “normal_content” and call it “status_display”

o Type in the Jack file name to which you want this component tied in the
“Animation Name” (e.g. “right_center monitor”) (see Figure 193).

o This will bring in all of the XYZ values from Jack when the crewstation

information is mapped between MIDAS and Jack
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Figure 192. Example of Adding a Component State, a second component, a Display state through the
attribute collection editor.
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Properties: status_display X
=
@ Z
B Attributes
Attibute List (Collection)

E] Component States

StatesList (Collection)
B Geometry
Animation Name right_center_monitor
B Bounding Box (Cm) (47.64. 49.91, 44.91)
Depth 49.913681000000011
Height 47.644286999999991
Width 44.913821999999996
B] Inital Postion (Cm) (43.73, 65.85, -148.87)
XCoord 43.726204
YCoord 65.8526
ZCoord -148.865997
B Initial Rotation (rad) (0.00. -2.18. 0.00)
XRotation 0
YRotation 2179916
ZRotation 0
B Identification
Name status_display

E Notes
Notes

Initial Rotation (rad)
Inital Rotation in 30 environment

Figure 193. Screen snaphot of the DSC matching module between MIDAS and the CAD software.

Add another Component state called “emergency mode”
o In the Properties window, Geometry section, type the Animation Name
“blank-to-on” in the Animation Name’s field.
o Set initial state to false (although it likely already is set to false because it is
dependent on the “normal content” initial state.
Add a state called “emergency_status” (this will be defined when we define the wall
components).
o Add a DSC onto “emergency_status” called “emergency display”
o Type “right_center monitor emergency display” in the Animation Name
Field.

Adding Attributes to Component States

Select the tball component and define it as a rotational component attribute with
spatial float values

To do this click on add, then define the values as needed in the
“RotationalComponentproperties” along the right side of the Attribute collection
editor (see Figure 194).
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Figure 194.Screen snapshot of location to add attributes to component states.

Adding Attributes to Displays and Sound Emitters
e Select the far_left monitor position” DSC (Figure 195).
e Select the state “slave-on”
o Add DSC “far_left Wall display”
o Add DSC “far_left monitor on”
o Select “far_left Wall display”
= Click on the attribute field to show the ellipse
= Select the ellipses (...) in attribute field and select the add button.
This will add a Visual Attribute.
= Add “emergency procedure” Attribute to “far left Wall display”
o Name it “emergency procedure”
o Set the Kind to Text
o Type “procedure steps” in the text field
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Figure 195. Exemplar of adding attributes and sound emitters to displays.

e Return to the far right wall that was added under the Wall base component
o Add 2 States “blank” and “emergency_status” with blank as the initial
state.
o Add an attribute to “emergency_status” named
“emergency_status_wall display” (Figure 196)
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Figure 196. Add attribute to emergency status of the wall display.
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e Now go to the center wall display

2/13/20

o Add a visual attribute named “pressure”. It is a DIGITAL INT. Give it

an initial value of 10 psi (Figure 197, Figure 198).

o Hint: Select the down arrow of the New Attribute Value field to type in it.
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e Finally, add 2 Auditory attributes to the Speaker
o One is “auditory alarm tone” that is Sound Emitting. Set the initial state
to False (Figure 199).
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Figure 199. Defining/Setting the attributes on the speaker DSC.

ity

o The other is “Supervisor”, a Speech attribute (Figure 200).
= The initial value is set later so you don’t need to type in a string.
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Create Scan Patterns
e Select the “Control Room Crewstation” from the Crewstation list
e Create two new seev primitive tasks; one for visual monitoring, and one for
auditory.
e Name the first “monitor scan”
o Double click the SEEV scan icon. This will bring all the defined DSCs
into the scan pattern and will assign default attention values for the DSC’s.
o You are able to edit any AOI to reflect the demands of the context you are
defining. In this case, leave them at the default values (Figure 201).
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Figure 201. Setting SEEV visual attention model definitions.

e Name the second “emergency scan” (see Figure 202)
o Create a SEEV_Fixate primitive, “visual” and assign all the wall displays
to the “emergency” scan pattern.
o Create a SEEV_Fixate primitive, “auditory” and assign all displays to the
“emergency’’ scan pattern.
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% MIDAS: Training-6-12.midas
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Figure 202. Defining SEEV emergency scan model.

Creating Simulation Events

e C(Create a new operator procedures task network

e (Callit “events”

e Create equipment attribute event networks (these will serve as the triggers for the
model to respond to)
o Add 3 Attribute Events (Figure 203)
o Name the first one “Alarm Tone”. Set the auditory alarm tone attribute of the

Speaker to True. Set the Time to 5000 msec .

o Hint: Select the check box before the false.
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Figure 203. Creating simulation events and the necessary equipment and operator settings.

e Name the second attribute event “Supervisor Request”. Select the
Speaker once again. This time set the SPEECH attribute to “Check the
pressure!” (Figure 204, Figure 205). The time should be set to 5700

msec.

Fle Edit Execution View SharpTak360 Help

(@I Ra@alve o

(30 ch keybo. each_object” [ events (8) | alarm tone (. tiribute_test, @ alarm (5_2) _ribute_value| 4 supervisor .. ttribute_tesi 4 b X | |PrOperties: supervisor requests (8_6) v B X Tres View v ax
w = @ keyboard ~
2 @ Not_Pressed
2 @ Pressed
6 = @@ thalHarlett
supervisor requests @ defaut
ReferencelD  EQUIP_attribute_test & @ tallcenterleh
B Notes @@ tballprimary-center
Notes @@ tballcenteright
S Raianslers) @8 thallfariight
ion of press alert (8_3) & Camprehension of press alert (8. atabude Auboyiibuled @ pimay_center_morior
‘eption_test_compone! - eption_test_component Compafsan oaus @ defaut
clelﬁ.l&lallnn L‘,raw&lalmm ﬂ fight_center_moritor
equipment DiscreteStateComponent14 & G left_oerter_montor
value check the pressure! @ far_rght_monitor
B . = 68 far_left_moritor
DecisionType  Multiple @ shveon
@l kesboard
@@l toallfar_ett
= @ speaker
@ of
@on
@ tball_center_left
@@ tball_primary_center
@ tball_center_right
G thall_far_right
G primary_center_monitor
fight_center_monitor
@l I=ft_center_monitor
@ far_right_monitor
G far_left_monitor
& @ Operator List
® @ Situation Awareness Model List
Piimitives
@ @ Vehicle List
ItemID @ Task List
The last id number of the task object @ Functions
< 3l Variables
= = @ Sharp Tak 360
Output TExX L]
< 3
Real Time: Off  Run Number Clock

MIDAS 06-12 Training. .

Figure 204. Defining response to the alarm tone.
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Figure 205. Definition states of the alarm tone when exceedances experienced.

e Name the third attribute event “pressure rises”. The attribute owner is
“center wall” and the new value is 100 psi. The Attribute is pressure
(Figure 206).
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Figure 206. Definition of the attributes needed when events are used in a simulation.
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o Add operator primitive, name it comprehension of pressure rises and tie

this to the OP_perception_test component primitive, COMPREHENDED
state (see Figure 207, Figure 208).
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Figure 208. Defining comprehension state of the event.
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o Add Context Changes

¢ Go to the top level network and create a new network

e Name it “context specific task settings”

e C(Clear the ongoing SEEV scan process with an operator primitive (see
Figure 209task 9 2)

e Create routing task going to two operator procedures, one path going
to normal and one going to emergency

e Add one routing task to link the normal and emergency networks
together.

e We’ll return here after we create the SA model.
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Figure 209. Defining context changes.

o Add One State Change Event
e Name it “far left monitor hibernates” (Figure 210)
e The time should be 15000 msec. Select the far left monitor and set the
new state to slave off.
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Figure 210. Setting state change events.

Setting up the Operator List
e Select Operator List in the Tree View
Right Click and select Add Operator from the context menu
Type “Joe” in the Name field
Select the Control Room as the Crewstation model.
We’ll return here after the procedures and SA are defined.

Setting up the Vehicle List
e Right Click on the Vehicle List
e Add Vehicle
e Use the ellipses in the Waypoints field under Guidance model to add one
waypoint. The default values are fine since we are not animating the vehicle in
this exercise.

Setting up the Situational Awareness Model List
e Right Click on SA model list and add an SA model, named “Situational-
Awareness-Model-Training” (see Figure 211).
e This will automatically load the three components necessary in MIDAS’ Situation
Awareness model, the contexts, the categories, and the situational elements.
e Add 5 situational elements (SE) corresponding to the following displays (see
Figure 211)
o The center and far right wall displays. There are 3 of these.
= One center display
= Two right displays corresponding to the blank and emergency
states.
o The far left wall emergency display
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Figure 211. Defining the situation awareness model.

Create 2 Categories (Figure 212). Nominal monitors and Emergency

o Assign the primary center monitor SE to the Nominal-monitor Category
o Assign all the rest, the Wall Displays, to the Emergency Category
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Figure 212. Creating situation awareness categories necessary to drive the SA model..
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e C(Create 2 Contexts (Figure 213)
o Name them Monitor and Emergency
o Select the Monitor Context and weight the monitor category a full weight
Of 13 1 97.
o Select the Emergency Context. Weight the emergency category .8 and the
monitor category .2
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Figure 213. Defining contexts in the MIDAS situation awareness model.

e Return to the operator model in the tree view (Figure 214).
o Select “Training” as the SA model
o Select monitor as the initial context for the operator.
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Figure 214. Setting the situation awareness model contexts.

Creating Operator Procedures

e Create 9 task networks in the MIDAS operator procedures tab (see Figure 215).
Name them set number of runs and other settings (make this network a routing
network), Primary operator scan pattern (operator procedure), init equip, init

jack, control room procedures, initialize accessibility, set equipment states,
events, context specific settings
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Figure 215. Setting up operator procedures
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e Drill down into Primary operator scan pattern (double click left mouse button on
the monitor icon)
e Right Click to add the operator primitive “SEEV fixate”.
o double click the “SEEV fixate primitive”. This will bring up a window
where the parameters associated with the scan pattern can be defined
(Figure 216).
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Figure 216. Defining SEEV visual fixate parameters.

e Add an auditory monitoring primitive that will cycle until it reaches a value as
defined by the scenario events as needing a response. Associate the auditory
monitor with the OP_Auditory monitor behavioral primitive (Figure 217).
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Figure 217. Creating Auditory Monitor primitive.

e Add another task (right click in the Author window). Set the task description to
Emergency by typing “emergency” in the name text field
e Add an Attribute Test (right click in the MIDAS procedure task network window)

o Select Speaker as the object to check, the attribute to check to auditory
alarm tone and the value to True.

o Then go to the “Attribute to Check” and select the “Sound-
emittingAuditoryAlarmTone” from the pull down menu

o Set the attribute test as a dependency to the Emergency step.

o Hint: Hover the pointer near the right far side of the attribute step until the
hand cursor displays. Click and drag to connect the arrow to the left side
of the Emergency Step.

e Return to the Emergency procedure in the MIDAS procedure window (Figure
218)

o Add a check speaker state task and a check right center monitor task, if
either are true, then continue to “reach-object” with “right hand” to
keyboard.

o Add an operator primitive “reach-object” with “RightHand” to keyboard.

o Add an operator primitive “push-and-release” keyboard with right hand

= Set the state of the keyboard to “pressed”
= when the keyboard is put into the pressed state, the display on the
right center screen will go into hibernation mode.
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Figure 218. Setting the emergency procedures and states in the simulation context.

e Return to the control room procedures tab and drill down into “emergency”

(Figure 219)
o Add a “say-message” task. Set the argument to “Confirm Pressure is too
High” (Figure 220)

o Add an attribute test checking for the pressure displayed on the center wall
screen to be greater than 80psi (Figure 221)

o Add a perception level test checking for the Speaker to reach
Comprehension (Figure 222)

o Add one more perception test checking for the center wall display to have
reached EXACT READ (Figure 223, Figure 224).

o Make all three tests dependencies of the “say-message” step.
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Figure 219. Emergency control room procedures.

Fle Edt Execution Yiew SharpTak3s0 Help

(IR a@a:ve o

() settings (3) 4 far left moni...onent_state| @ (5_2_4) EQ..rbute_value” € confirm pr..._message 4 » x| |Properties: nominal (7_2) R e v 1 <)
0 AllE [ER~ ] SimulaliFns A
g Narme: [confiim pressure is too high | ey N B Appearance - Background ERY gawél:s;g:rm‘ | ariont
il Item ID: BackgroundColor ] LightGreen & Operators: Jos
BorderColor Wl Black Extemal Connections
o A || Shape Rectangle & @ Enviorment Lis
Primitive: |OP_say_message =] Appgarance - Font =@ Crewstation List
FontSize 10 =@ Contiol_Room
[ Parameter Value FontType Aiial @@ keyboard
message confiim pressure is too high TextColor Wl Black & @ thalfarelt
midasTask B Data ® @ tallcenterleft
ltemlD 2 @ thallprimary-center
Name, nominal & & thallcenteright
B Notes @@ tballfaright
Notes @ primary_center_monitor
@ right_center_monitor
@@ left_center_monitor
@ far_right_monitor
-G far_left_monitor
@ thall_far_right
(@ pimary_center_moritor
(@l right_center_monitor
left_center_manitor
@ far_right_monitor
@ far_left_monitor
=@ Operator List
® Joe
4 = @) Situation Awareness Model List
= o Traini
Name =) Contexts
Name of task “@ Monitor
L @ Emergency
=@ Categories
|output v ax g e‘x namal nrimary. center 1Y
Saved MIDAS project. Real Time: Off Run Number Clock

Figure 220. Confirm pressure is too high.
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Figure 222. Test for speaker to reach comprehension.
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Figure 224. Emergency status wall display.

e Return to the operator, “Joe”
o Set Monitor as the initial procedure that “Joe” will begin with when the
simulation begins (Figure 225).
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File Edit Execution View Sharp Talk360 Help

(@A Ra@alve kol

() te_value| confirm pres...ay_message| @testthat spe..ttribute_tesr” @ monitor (2_1) | € comprehend. test featu¥ 4 b X Al |Tree View v AX
' = &8 Simulations A
2 B o ; =@ Training_Demo
3 Mame: monier o] El Body [ Envitonment: MidasEnvironment1
EmiE: Efectors © Operatrs. Operstor
B Execution # [@) Extemnal Connections
Main | Timing | Paths | Queue | Appearance and Notes Inkial0pe:atoiProcedure @ Envionment List
) = e =@ Crewstation List
Task Data Collection Enabled: Animation Name 5 @ Control_Room
[ Release Conditon LI Eioand | B Identification @ keyboard
1l return ctrue: Nane Operatorl # @ toallfarkeft
Jod @ tballcenterdett
Bl L % @@ thallprimary-certer
Crewstations Control_Room @ thalcenterigh
B Begining Effect AuoGrow | EEEEN 54 Modsl @ thallfar-ight
T SA Model Contest & primary_center_monitor
B B Notes i
@ right_center_monitor
Notes @& left_center_monitor
@ far_right_monitor
. Ending Effect Auto Grow @@ far_left_monitor
= keyboard
B & thal_far_left
@ speaker
B thall_center_left
thall_primary_center
B LounchErtec GEEEED B thall_center_tight
1 @ thall_far_ight
(@ primary_center_monitor
& right_center_monitor
left_center_monitor
G far_right_monitor
far_left_monitor
=@ Dperator List
& Operator]
=@ Situation Awareness Model List
5 o TrainingModelSA
OperatorShortName = %) Contexts
. g Monitor
*§ Emergency
= @ Categories
Output v ax @ nomal nrima center monitor Y
<
Saved MIDAS project Fieal Time: Off

Run Number Clock

Assigning Models to a Simulation

e Return to the Simulation, “TrainingDemo”

e Assign Environment to Environment 1
e Assign “Joe” as the operator
[ ]

Assign Vehicle to Vehicle 1
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Chapter 6: General MIDAS Software Runtime
Functions

Check the model for errors
e Click the red checkmark icon in the MIDAS toolbar at the top of the screen.
When the mouse cursor is over the icon it reads Check for Errors
e This will check the model you created for errors that must be fixed before you can
begin running the model
e Note the results in the Output window

e Click the forward arrow icon in the MIDAS toolbar at the top of the screen.
When the mouse cursor is over the icon it reads Begin Simulation

¢ Note the Output window scrolling the information, and in the bottom righthand
corner of the status bar the Clock ticks off the time. Later we’ll look at the Output
window in detail

e Verify that the Jack™ Command Window status has changed to a green
Connected

Halt
e If'the model is still running, click the stop sign icon in the MIDAS toolbar at the
top of the screen. When the mouse cursor is over the icon it reads Halt
Simulation.
e This causes the model to stop running no matter where it is in its execution.

Pause
e This causes the model to pause. Depress the pause again to release the pause.

Continue

Step
e This causes the model to step 100ms at a time through its execution.

To Run an Existing MIDAS Scenario

1. Open Midas and select your desired .midas file (the current example comes from a
model that was developed for the Federal Aviation Authority (FAA) in 2010).

2. Open MicroSaint Sharp and select your desired .saint file (the current example comes
from a model that was developed for the Federal Aviation Authority (FAA) in 2010).

3. Press the play button (Control+G) in Midas. This will open Sharp Talk 360 (Figure
226).
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% MIDAS: RNAV NP Adjusted Workload 10-8-10.midas
View Sharp Talk 360  Help

File Edit Execution

EEEREEC I e

|8egin Simulation [Ctrl+3) ﬁ

il o» Operator Procedures ]

SharpTalk360 - Host

‘
Time Management
-

Connect Create Clear
% £l ?( X Clear
€ Disconnect - 53 Copy ||
¢ Clients 0
Is Server X Remove Selected [@] Trace
7 Connected
&

Instances |

- wx—
Figure 226. Launching MIDAS and Sharp Talk 360 (the controller of the MIDAS Software).

4. In the Midas toolbar, select Sharp Talk 360 drop down menu > Connect (Figure 227)

€ MIDAS: RNAV NP Adjusted Workload 10-8-10.mida

File Edit Execution Yiew | Sharp Talk360 | Help

[SQJIXQQWConnect E)_I

@ o Operator Procedu Disconnect

m
@
ful
-

Figure 227. MicroSaint Sharp Talk 360 in the MIDAS software - Connecting Sharp Talk.

5. In the MicroSaint Sharp toolbar, select Sharp Talk 360 drop down menu > Connect
(Figure 228)

= Micro Saint Sharp Gold: Land_and_Taxi_FAA_Task_3.saint
File Edit Execution Utilities View  Animator3D  Animator  Experiment  Optimization | Sharp Talk360 | Help

A P UNOO 1@ comes |l @

Disconnect

1d@fa@(2 @
@ @ Animator | 4@ Animator3D /& Task Network | D Event Queue
rl- Bandwidth Generator (375) 4

Figure 228. MicroSaint Sharp Talk 360 in the MicroSaint software — Connecting Sharp Talk.

103235
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6. You should now see that both Midas and MicroSaint Sharp are connected in the
output box of Sharp Talk 360 — Host (Figure 229)

SharpTalk360 - Hos

Time Management

Instances | Interactions | Schedule Connected

2, Connect o] Create
0 Disconnect

Is Server

X Clear
53 Copy
Trace

X Clear
i‘? Clients 2

X Remove Selected

Client Connected

5 ‘A Receive Begin: GenerateRuntimelD fr¢
Sent: GenerateRuntimelD to 0
Receive Complete: GenerateRuntimel [
Receive Begin: FullUpdate from 0
Receive Complete: FullJpdate from O
Client Connected
Receive Begin: GenerateRuntimelD fr¢
Sent: GenerateRuntimelD to 1
Receive Complete: GenerateRuntimel[
Receive Begin: FullJpdate from 1
| |[Receive Complete: FullUp

Figure 229. Screen appearance - MIDAS-MicroSaint successfully communicating.

7. Select the time management upper tab in Sharp Talk 360 — Host and Press the blue
play button in the control box on the top left (Figure 230)

es | Interactions | Schedule

SharpTalk360 - Host

Time Management

Speed 100%

Time 0.2
L Real Time

Figure 230. Time Management tab in Sharp Talk 360.
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8. The simulation has now been initiated. It usually takes about 30 seconds before you
can see the runtime processes in the MicroSaint Sharp Window (Figure 231).

“ Micro Saint Sharp Gold: Land_and_Taxi_FAA_Task_3.saint

Fle Edt Execution Utlitles View Animator3D Animator Experiment Optimzation SharpTak380 Help
BIXar(2 v Moo FEFEEY 1)
P @ Animator | @ Animator3D /@ Task Network | %D Event Queue

Bandwidth Generator (375)

Initialize Variables Define Sign and Runway Locations Initialize Aircraft Send Initial Locations to MIDAS
(305) (306) (307) (309)

Update Animator )

Do Another Run? (302)
(301) 3%

(P09 3

Route to Wake
Vortex Event or
Blunder Event

(336)
NASA 227 AAB33
NASA227 PositionFeet. Z: 10000.0 AA633.PositionFeet.Z: 9500.0 Set mode in task
NASA227 Speed_FPS: 354.43975 AAB33.Speed_FPS: 354.43975 Initialize Variables
NASA227 DescentSpeed_FPS: -19.4383532 AAB33 DescentSpeed_FPS: -19.1091954 | | Modes are:
NASA227 Heading: 177.0 AA633.Heading: 180.0 Probability of Vortex Event
NASA227 DistanceFromRunWay 18R_NM: 0.0 Probability of Blunder Event

Force a Vortex Event
Force a Blunder Event

UAL543 Current settings are:
UAL543. Speed_FPS: 0.0
d_f WVMode: False
UAL543.Heading: 180.0 ACBMode: False
WVModeForced: False
ACBModeForced: False
ACOnRunway: False

<

Output

BeginningEffect: 05 [Aircralt Lacations (XY 2) (375_31))

BeginningE ffect: 05 (Heading_BW (375_25))

BeginningE ffect: 0.5 [MCP (375_34))

BeginningEffect: 05 (CDU (375_35))

BeginningE ffect: 05 [Datalink_EW (375_36])

BeginningE ffect: 0.5 [Alttude that tiggers contest changes asllopposed to operator comprehended alitude (375_37)
BeginningE ffect: 0.5 [Wake (375_38])

Figure 231. A Runtime example of a successfully linked simulation.

SharpTalk 360 — Host is used to control the simulation. You can pause it, stop it, step
through it, speed it up, or slow it down. If the trace box is checked in the output box of
SharpTalk 360, you will see a dynamic list of tasks on the right side (above the clock).
Depending on your model, typical time from start to finish is about 15 minutes.

Note: don’t leave folder open where your Midas file is during simulation because it
can cause the simulation to crash sometimes. Also, the simulation will run about
50% faster if you minimize the MIDAS and SAINT windows because it doesn’t have
to load the GUI’s.
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1. Open MIDAS and select Module: Set Number of Runs & Other Settings (75) (Figure

232).

Contexts

> CA-Probes and Alerts (115) 4

J||_/ 4 operator Procedures
5: ATC Scan Pattem (103)
¥
3
B - Approach Control Procedures (101)
Open During Runs (108) Approach Control First Task (33)
Tower Procedures (35) % Ground Control Prc
Scenario Identification (114) Eoppinseannbatetien (i)
Captain's First Task (10) 4> T\
Init equip (51)
{ Set Number of Runs & Other Settings (75) Init Jack (32)

————»b Context Specific Task Settings (CA) (32) 4

|—/|—————>F Context Specific Task Settings (FO) (34) 4

tb IMC vs VMC and Context Changers (37) 94

i

‘E Descent (48) B
|1 s

First Officer's First Task (11) 4>

[——/—>b First Officer Scan Pattem (FP) (67) 4
o O TS
Nl FO - Probes and Alerts (116)

»p Approach |

Lat

Figure 232. Adjusting the number of runs for a Monte Carlo simulation.

2. Adjust NumberOfRuns by retyping your desired number of runs and change comment
to usually 1. A typical number for monte carlo runs is 10 (Figure 233). Note: do not
adjust this anywhere else in MIDAS.

Main

| Timing | Paths | Gueue | Appearance andNates |

I Task Data Collection Enabled
[ Release Condtion

1

return true;

Beginning Effect |
NumberOfRuns = 1; //Usually 10

if [Fntity Forityberivit i3 le CompareTo ("Captain®)==0) Entity.EntityActivity.Operator.Scenario.RunNurber++;

RunNuwber = Entity.Entityhctivity.Operator.Scenario.RunNurber;
RunToTDonly = true:; //run to Touch Down only or all the way to gate.

//Set the Scenario Type here
//RNAV_NP=true:
RNAV_VP=true;
//VCSPA_B00=true;
//¥CSPA_200=true;

Vind_Condition High=false;

RNAV=false;
if (RNAV_NP) RNAV=true;
if (RNAV_UP) RNAV=true;
VCSPA=false:

if (VCSPA_S00) VCSPA=true;
if (VCSPA_200) VCSPA=true;

INCstate=false; //not really a setting. This is an initial condition
WWHode = true:
PRNComprehended = false:

//additional varisble resets
Airerafthoquired CA = false;

Aircrafthoquired FO = false;

RunvayAcquired Ch = false;

Runvayicquired FO = false;

TouchDown = false:

Bypass_Descent = false:

FOSetsAltitude 3

;//previously High, Nediun or Low
//previously High, Medium or Low
; //vreviously High, Mediwn or Low

Figure 233. Adjusting the number of runs in MIDAS.

//ScenarioTy;
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Manipulating Existing MIDAS Scenarios
1. Open MIDAS and select Module: Set Number of Runs & Other Settings (75) (Figure
234).

@ Operator Procedures |

ATC Scan Pattem (103)

| s

Approach Control Procedures (101)

Open During Runs (108)

Approach Control First Task (33)

Tower Procedures (39) §~——»$ Ground Control Prc

ETE— /—b——Captmn Scanning Pattem (111)
la Captain's First Task (10) Pp——=—===\
Init equip (51)

{ Set Number of Runs & Other Settings (75) Init Jack (32)

Contexts
[—>P CA -Probes and Alerts (115) 4
s e —
> Context Specific Task Settings (CA) (52) 4
| —|————————>p Context Specific Task Settings (FO) (34) 9

[|» IMC vs VMC and Context Changers (97) 94

Descent (48)
N

® Approach|
First Officer's First Task (11) > E
Lar

T 11

[M—/—>} First Officer Scan Pattem (FP) (67) 94

M1 Init Jack (31)

|—/-—>PFO-Probes and letts (176) 4
Figure 234. Manipulating MIDAS settings in an existing scenario.

2. Adjust code in beginning effect box. To turn something off, type two “/”” marks
consecutively to comment it out. To turn something on, delete the two ““/”” marks
(Figure 235).

IV Task Data Collection Enabled:
- Release Condition

1! return true;

. Beginning Effect

[ 1 NumberOfRuns = 1; //Usually 10

if (Entity.EntityActivity.Operator.Nawe.CompareTo("Captain®”)==0) Entity.Entityi
Runiurber = Entity.EntityActivity.Operator.Scenario.RunNumber;

RunToTDonly = true; //run to Touch Down only or all the way to gate.

oW N

6 //Set the Scenario Type here
7 //RNAV_NP=true;

S RNAV_UP=true;

9; //VCSPA_800=true;

10 //VCSPA_200=true;

12 Wind_Condition_ High=false:

T4 RNAV=TalsE;

15. if (RNAV_NP) RNAV=true;
16: if (RNAV_WP) RNAV=true;
17; VCSPA=false;

1. if (VCSPA_B800) VCSPA=true;
19: if (VCSPA_200) VCSPA=true;

22; IMCstate=false; //not really a setting. This is an initial condition
23 WvMode = true;
24 PRNComprehended = false;

26! //additional variable resets
27 Adrcrafticquired CA = false;
28, Aircraftlcquired FO = false;
2! Runwaylcquired CA = false;
0! Runwaylcquired FO = false;

1. TouchDown = false;

32, Bypass_Descent = false;

33 FOSetskltitude = 0;

34; //ScenarioType="CurrentDay";//previously High, Medium or Low
35 //ScenarioType="Augmented”; //previously High, Medium or Low
36 //ScenarioType="CurrentDay"; //previously High, Medium or Low
37

Figure 235. Commenting out scenario settings in MIDAS.
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Modifying Operator Phraseology
1. When modifying operator phraseology, both the name and parameter values must
match (Figure 236).

"Q Operator Procedures } D Descent (48) )/‘ DP_say_m..._message]
Narr\( OP_say_message "Roger, 118.42 NASA 227, good day'{

Primitive: I 0P_say_message v I

Parameter v

€
Roger, 118.42 NASA 227, good day

Figure 236. Operator phraseology must match in name and parameter locations.

2. After you do this, make sure that the op ‘say message’ values match the op ‘listen
to’ and any other tasks tied to it (e.g. wait for) (Figure 237).

_

L OP_listen_to "Roger, 4000 for NASA 227" (43_102) = M
‘OP_listen_to
§ FOse
Say "Roger. 4000 for NASA 227" (48_72) = M
OP_say_message
!

Figure 237. Ensure that the OP say and listen to match.

In this example, all the text within quotations is the same for the wait for, op listen to, and
op say message primitives “Roger, 4000 for NASA 227”
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Modifying Workload Management Strategies
Method One
1. Open up a primitive (Figure 238)
2. Tab over to Parameters tab
3. Look for fourth parameter called Midas task (will receive in new build)
4. Select one of 5 tasks (Aviate, Separate, Navigate, Communicate, Systems) and
make further adjustments here

|liv e o
res | [ context Spe..gs (CA) (92)| [ Descent (92.3) | [ RNAV No_Pair (92.3_14) | CA - SOIA D..T_Task Set | [Context spe..gs (FO) (94)| [ Descent (48) @ OP_listen_to | ¥ 4 b X

0: [P fente ]
tenio

Main | Timing | Appearance and Notes | Parameters | Task Load

Figure 238. Method 1 to modify the workload management model.

Method Two

1. Reset screen layout so you have access to tree view and properties window

2. In the tree view window select simulations

3. From the simulations drop down, single click on User Simulation_1

4. Locate the Properties Window and Under Runtime Settings subheading, change
workload management box from false to true (see Figure 239)

5. A Workload Management Settings subheading will open below this in the
properties settings and make necessary adjustments (especially redline numbers)
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Properties: User_Simulation_1

B Identification

| Name

Bl Misc

| CurrentSpeed

Bl Models

B Crewstation
Environment

I Operators

[ Vehicles

E Notes
Notes

'E Runtime Settings
Animate Simulation
Display Messages
Enable CSA
Enable SEEV
External Model Interaction
Number of Runs
Runtime Charting
Simulation Time Increment (ms)

User_Simulation_1
49

CrewStation: CockPit, ATC. Tower, Grot
Environment: MidasEnvironment1 ‘
Operators: Captain, First_Officer, ATC_(
VYehicles: NASA227

False
False
True
True
True
1
False
100

B '/orkload Management True v

/Bl Simulation To Execute
I Primary Simulation

True

B Workload Management Settings

Priority Weighting Duration
Priority Weighting Importance
Priority Weighting Interrupt Cost
Priority Weighting Urgency
Redline Auditory

Redline Cognitive Spatial
Redline Cognitive Verbal
Redline Fine Motor

Redline Gross Mator

Rediine Visual

Redline Vocal

2
4
1
3
4
4
4
4
4
4

4

2/13/20

Tree View

=

5

i

l
H

R I R R

#-5

B3 Simulations

=9 User_Simulation_1
3 Environment: MidasEnvironment
«® Operators: Captain, First_Officer,

External Connections

) Environment List

) Crewstation List

) Operator List

? Situation Awareness Model List

Primitives

) Vehicle List

) Task List

@ Functions

@ Variables

@ Sharp Talk 360

Figure 239. Method 2 to modify the workload management strategies in MIDAS.
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Modifying Information Relevance Values
Information relevance is manipulated through the expectancy representation of
information. Expectancy is the rate at which information changes, or bandwidth. The start
task is the trigger for information relevance. To modify the information relevance in a
scenario:

1. Select Context Specific Task Settings (CA) (92) or (FO)(94) from task network

(Figure 240)

2. Select phase of flight (e.g. Descent (92 _3), Land Initial (92_35)
Select Approach Mode (e.g. RNAV No_ Pair (92 3 14)
4. Select Aviate, Separate, Navigate, Communicate, Systems or all tasks

(98]

_TARNAY No_...(92_3_14)| ® CA-5OIA D..T Task Set

o Expectancy during SOIA Descent- CA (923 14.14) | 2onsacss
SEEV_Expectancy M g ek 23 7)e
Set SEEV

@
CA-SOIA Descent "Aviate" (92_3_14_15)
Harpifa O SEEV_START_Task_Set ’

(92_3_14_13)

=

CA-SOIA Descent "Separate” (92_3_14_16)
SEEV_START_Task_Set

CA - SOIA Descent "Navigate" (92_3_14_17) =
SEEV_START_Task_Set /

CA-SOIA Descent "Communicate’ (32_3_14_18)
SEEV_START Task_Set )id

CA-SOIA Descent "Systems" (92.3_14_18)
SEEV_START_Tesk_Set ’

Figure 240. Setting SEEV information relevance parameters to drive MIDAS attention model.

5. Set relevance for each Area of Interest (range 0-6, low to high)
6. Set Situational Element to Required or Desired (Figure 241).

@ CA-SOIA ..._Task_Set]

C4 - SOIA Descent “Aviate™

Name:

Primitive: ‘SEEV:STAHT_IiL Set v

Parameler Value
CockPit

Task Impottance: |High v Cost of Interuption: | None v/

Area Of Interest Relevance of A to task set |~
Left_Window 0

Front_Left_Window 0

Right_Window 1} 3
Front_Right_‘window R -
Fixation_Point_Near_Jepp 0

Fixation_Point_Near_Mode_Control Panel 0

Fixation_Point_Near_Lower_EICAS 0

Fixation_Point_CDU_CA 0
0

Fixation Point COU FO b
Situational Element Required or Desired '~
ACBlunderColorFromSharp None ]
WakeVortexColorFromSharp None
NASA227Heading None f -
TOGAAletFromSharp None
MCP None
ScenarioTypeFromMIDAS None
DadnotherRun None
cou None
NASA2274ltiudeSetting None b

Figure 241. Modifying SEEV AOI and Situation Elements.
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Modify Workload User Primitives
1. Open your MIDAS file of interest
2. Select Primitives from the Tree View window .gFigure 242)
L EEXA

LEY Tree view 82X
@ Simulations
[@ Extemal Connections
2@ Environment List
Crewstation List
® @ Operator List
? Shtuation Awareness Model List

e

[‘-\[‘

B

& 4 ANIMATION_show_hide_figue
EQUIP_attibute._test
EQUIF_se_atrbute_value
EQUIP_set_component_accessibilty
EQUIP_set_component_state
FEATURE _attibute_test
FEATURE_gel_altibute_value
FEATLIRE_set_atibute_feature
OP_auditory_monitor

EECRCECRCR-

®

4 OP_context_test

@ 49 OP_fixate

@4 OP_fisten_to

€ OP_perception_test_component
@ 4 OP_perception_test_feature

@4 OP_push_and_release

4 OP_reach_object

@ 4 OP_say_message

OP_scan_with_pattem_extemal
OF_scan_with_paltem_intemal
OP_set_context
OF_smal_hand_movement
SEEV_END_ALL Task_Sets

®

00000000000000000000000000

@ 4§ SEEV_END_Task_Set
® 4§ SEEV_Expectancy

@ 4 SEEV.fixate

@ 4§ SEEV_START Task_Set

) User_Acquire_Lead AC_CA

) User_Acquite_Lead AC_FO
User_Acquire_Runway_CA

® User_Acauire_Runway_FO

4 USER_Calculate

4 USER_Crosscheck_no_paint

4 USER_Crosscheck_with_point

4 USER_Discuss

@ 4 USER_GetPerceplionLevelofFeature

4 User_Maintain_Runway_Alignment_CA.

4 User_Maintain_Runway_Alignment_FO

4 USER_Manipulate_Pedals

4 USER_Manipulate_Yoke

4 User_Monitor_wakeDisplay_CA

4 User_Mornitor_WskeDisplay_FO

@ € USER_ownship_distance
4§ USER_OwnshipDistancetod4633
4§ USER_Read

Fax € USER_Report_Alttude

‘ Llse: Track_Lead AC_CA

‘ 4 USER_Spatial_Compare

Figure 242. Available MIDAS primitives from the tree view.

3. Double click the primitive you are interested in manipulating and tab to the task
load tab (furthest on right) (Figure 243). Note, only user defined primitives can be
modified.

EIE
T ¥ < 4 x| e 565 Caita <8 T wax
il o 8 S 2
- T = @@ Everl Comecions
N [FSEF A 10: P ok e 28 bl
ten!0 [F5EF Comt EagoniCon 3 Dlonchechimond B
s Black b
Wan | Toin | Soptsn ot Pt | RS shoe Foniiecirg @ W.,W.mmm
& Appastance - Font 2
Fonize 0
& & ATt e
B i T Ao || || e ses 4 S0P st vt
5 eruen (0.0); TerCiba - ek 09 cour- s
> USER_ Caeulote H
TassdbudienEesien  rotum (0.0 W
TasdosdCoghrSpaidErpe: rehun 00
o T 51 AdoGion = @
L T | | vetat o om0 H
cetuen (0.017 TarklsdF o resic et (0.0,
[ :
TolodesEspesion . retuin (0.0 H
Tastosdioottsparsan  rotun (0.0
BN cogritve Spaa Taskioad futo Grow e e UL ]

o
@ cevstton aD s Cevtior)
@ caipmert H42D Nids DisceleSiseComp

5 cetuen 12.0) TasDaaCobcierEratied  Tro

™  ramvshimag
EncEllect e
B oot Tobod | || ot B

& Msisutntipes

Bl Fretios Toidnd (G N oo |

L cemuen (0,017 8 OF o ot ot
i SERV BN AL T S
© Ty H
o T Elwea | | o Normal H
rrn 051 e n0; H

052 SondodDevibon_retun 20

B voca Tasiond LR oo |

cetuen (9.015

AlowableSubiisnTypes

cax| w
i

w4 USER_Riesoi Athude.

User_Spaal Ceneae

A A
5 @B Vit 8

>
Messose Fed Tine O Runtlunber ok

Figure 243. Manipulating a MIDAS primitive's workload.
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4. Adjust the taskloads individually in their respective boxes by clicking and changing
only the numbers in the brackets (Figure 244). Please be sure to maintain formatting (ie
do not delete the bracket or the semi colon.

& Operator Procedures /@ USER Calculate |

Name: [USER_Calculate

v d4b X

1D: [USER_Caloulate
Item ID: [USER_Calculale

Main | Timing | Appearance and Notes | Parameters | Task Load

[ visual Taskload Auto Grow 2=
1 recurn (s}0);

B suditory Taskload Auto Grow
i return (0.0);

B cognitive Spatial Taskioad Auto Grow || Erwand |
1. return (0.0):

B cognitive Vetbal Taskioad

I MR o |
1! return (3.0);

B Fine Motor Taskioad Auto Grow =
1. return (0.0);

B Goss Motor Taskioad

I MR o |
1! return (0.0);

[ vocal Taskioad Auto Grow 2=
1. return (0.0);

Figure 244. User defined primitive taskload modification.
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Manipulating Existing SAINT Scenarios

1. Open Microsaint sharp and double click on subnetwork 305 (Initialize variables)

(Figure 245)

Bandwidth Generator (375)

Initialize Variables Define Sign and Runway Locations Initialize Aircraft Send Initial Locations to MIDAS
(305) (306) (307) (309)

Update Aircraft Positions (304) >

(301) Do Another Run? (302) 4>

Set mode in task

Initialize Variables

Modes are:

Probability of Vortex Event
Probability of Blunder Event
Force a Vortex Event

Force a Blunder Event
Current settings are:

Figure 245. Example of manipulating MicroSaint Sharp models.

2. Adjust code in the ending effect box. Comment it out to turn it off (ie remove the two

“/) (Figure 246).

@ Animator | i Animator3D | o Task Network | 39 Event Queue /'

V...bles (305)

IV Task Data Collection Enabled:
[ Rielease Condiion

Main | Tiring | Paths | Gueue | Appearance andNotes |

i return true;

B Beginning Effect

i FeetPerPixelX = 16.7:

// Scale for the animator background.

=
£ Uind Condition High =

2! FeetPerPixelY = 18.5; // Scale for the animator background.
3| LocationUpdatePeriod = 1; //How often position updates are sent to MIDAS
4 RunNurber++:
S Entity.Tag = 1:
6
7 if (DoknotherRun.CompareTo ("true")==0)
8 ¢
g Model.Stop ("Tag”,Entity.Tag) ;
10 DoknotherRun="false";
L ]
12
13
13
15
[ Ending Effect
I
ki //AConRunway 500 = true;
3. //AConRunway 150 = true:
A
5. //Decoupling_1000 = true;
6. //Decoupling_700 = true;
[7{ //Decoupling S00 = true;

false;

if (AConRunway_500)

if (AConRunway_150)

if (Decoupling_1000)
if (Decoupling 700)

if (Decoupling S500)

{SharpTalk360.Trigger.

{SharpTalk360. Trigger.

{SharpTalk360.Trigger.

{SharpTalk360.Trigger.

{SharpTalk3s0.Trigger.

CormmEvent ("AConRunwayilt", "500") ;}

CormmEvent ("AConRunwayilt®, "150") ; }

CormEvent {"Decouplingilt”, "1000") ;}
CormEvent ("Decouplingilt®, "700") ;}

CormEvent ("Decouplingilt®, "500") ;}

Figure 246. Example of Micro Saint Sharp Code's ending conditions.
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Chapter 7: Interpreting and Analyzing MIDAS Data
Output

1. MIDAS output is saved into the same directory of the .midas file that was loaded.
The output is comprised of the .midas and .saint files that generated the .csv
output, and the accuracy, fixation changes, SEEV events, SEEV settings, situation
elements, situation awareness, taskbeginend, and workload files (Figure 247).

SIDEBAR: If the model is re-run with this same file, it will update and replace all the
.csv files with the new data.

[_JRNAV_NP
G
Name 4| Date Modified Size Kind
[ altitudespeed_RNAV_NP.html Oct 8, 2010 1:04 PM 61 KB HTML Document
M Land_and_Taxi_FAA_Task_3.midas Oct 8, 2010 1:03 PM 451 KB Unix Executable File
MIDAS_Accuracy_ATC_Controller_runlofl.csv Oct 8, 2010 1:02 PM 33KB comma-separated values
MIDAS_Accuracy_Captain_runlofl.csv Oct 8, 2010 1:02 PM 25KB  comma-separated values
| MIDAS_Accuracy_First_Officer_runlofl.csv Oct 8, 2010 1:02 PM 29KB  comma-separated values
| MIDAS_FixationChanges_runlofl.csv Oct 8, 2010 1:02 PM 139 KB comma-separated values
| MIDAS_SEEV_Events_runlofl.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
| MIDAS_SEEV_Settings_runlofl.csv Oct 8, 2010 12:50 PM Zero KB comma-separated values
MIDAS_Situation_Element_Accessibility_and_Perception_ATC_Controller_run1of1_with_SEEV.csv Oct 8, 2010 1:02 PM 4KB  comma-separated values
MIDAS_Situation_Element_Accessibility_and_Perception_Captain_runlof1_with_SEEV.csv Oct 8, 2010 1:02 PM 41KB  comma-separated values
| MIDAS_Situation_Element_Accessibility_and_Perception_First_Officer_runlof1_with_SEEV.csv Oct 8, 2010 1:02 PM 41KB  comma-separated values
| MIDAS_Situation_Element_Required_by_Task_ATC_Controller_run1of1_with_SEEV.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
" MIDAS_Situation_Element_Required_by_Task_Captain_runlof1_with_SEEV.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
| MIDAS_Situation_Element_Required_by_Task_First_Officer_runlofl_with_SEEV.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
MIDAS_Situational_Awareness_ATC_Controller_run1lof1_with_SEEV.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
MIDAS_Situational_Awareness_by_Task_ATC_Controller_runlofl_with_SEEV.csv Oct 8, 2010 1:02 PM 111KB  comma-separated values
MIDAS_Situational_Awareness_by_Task_Captain_runlofl_with_SEEV.csv Oct 8, 2010 1:02 PM 11MB  comma-separated values
| MIDAS_Situational_Awareness_by_Task_First_Officer_runlofl_with_SEEV.csv Oct 8, 2010 1:02 PM 1.1 MB comma-separated values
" MIDAS_Situational_Awareness_Captain_runlof1_with_SEEV.csv Oct 8, 2010 1:02 PM 20 KB comma-separated values
| MIDAS_Situational_Awareness_First_Officer_run1of1_with_SEEV.csv Oct 8, 2010 1:02 PM 20 KB comma-separated values
MIDAS_TaskBeginEnd_runlofl.csv Oct 8, 2010 1:02 PM 512 KB comma-separated values
MIDAS_Workload_ATC_Controller_runlofl.csv Oct 8, 2010 1:02 PM 90 KB comma-separated values
MIDAS_Workload_Captain_runlofl.csv Oct 8, 2010 1:02 PM 143KB  comma-separated values
| MIDAS_Workload_First_Officer_runlofl.csv Oct 8, 2010 1:02 PM 143 KB comma-separated values
 MIDAS_Workload_Management_ATC_Controller_runlofl.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
| MIDAS_Workload_Management_Captain_runlofl.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values
MIDAS_Workload_Management_First_Officer_runlofl.csv Oct 8, 2010 1:02 PM 4 KB comma-separated values

Figure 247. Example of the MIDAS .csv output files.

Most Common Files Used for Data analysis can be found in Table 30.

Table 30. Most common MIDAS output files used during analyses.

File Use

Land and Taxi FAA Task 3.midas Midas project file to open in Midas

MIDAS FixationChangs runlofl.csv Calculate Dwell%

MIDAS TaskBeginEnd runlofl.csv Reverse engineer tasks

MIDAS Workload Captain_runlofl.csv Calculate CA workload

MIDAS Workload First Officer runlofl.csv Calculate FO workload

Hint: When you open the CSV files, resave them as .xls or .xIsx so that your formatting
changes will be preserved
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Analysis: MicroSaint Output Position Data

1. Run a simulation.

2. Before closing MicroSaint Sharp, under the Tree View window, expand

Snapshots (Figure 248).

7 Micro Saint Sharp Gold: Land_and_Taxi_FAA_Task_3.saint

File Edit Execution Utiities View Animator3D  Animator  Experiment — Optimization — Sharp Tak 360  Help
BELE LR Y Yo N EEY X )
| @l Animetor | 4 Animetors ) @ Task Network | XD Evert Queue | - ab x|
"y 27 0 Task Network
3 (@ Variables
g Bandwidth Generator (375) & @ Functions
=
® despeed
Initialize Variables Define Sign and Runway Locations ﬁ Initialize Aircraft p Send Initial Locations to MIDAS ueueD ataCollection
(305) (306) (307) (309) TaskDataCollection
@@ TaskTimeline
I &8 VariableDataCollection
@ @ Scenario Events
@ @ Entity Attributes.
1 Update Animator Do Another Run? (302) > Fait (36 | = @ Ohans
Update Aircraft Positions (304) (301) &P Watches
@ 4 Reference Tasks
@, Reference Paths
Route to Wall £ Execution Settings.
Vortex Event | & @i Animator
Blunder Ever | @ ## Animator3D
(336) @ Communication
@ Experiments
NASA227 AAB33 & Object Designer
NASA227 PositionFeet Z: 855.1851852 AAB33 PositionFeet Z: 498.1313131 Set mode in task & ¥ OptQuest
NASA227 Speed_FPS: 246 4200167 AAG33 Speed_FPS: 246 4200167 Initialize Variables @ Sharp Talk 360
NASA227 DescentSpeed_FPS: -13.5185185 AA633 DescentSpeed_FPS: -12.9040404 | |Modes are: s
NASA227. Heading: 180.0 AA633 Heading: 180.0 Probability of Vortex £
NASA227 DistanceFromRunWay 18R_NM: 2 5570929 Probability of Blunder
Force a Vortex Event
UALEAS orca e Blindec Ever)
UAL543 Speed_FPS: 0.0 “",;’;dz F";‘Igse""e
UAL543 Heading: 180.0 ACBModo: False
WVModeForced: Fals
ACBModeForced: Fal
ACOnRunway: False
< >
Watches > 2%
Name Value Type
false t
ACBlunderEvent. 0.0 System Double
& watches | ¥ Immediates | ¥ Search and Replace | R Tree view | @@ Palette |
Message Real Time: Off  Fun Number: 1 Clock: 2196

Figure 248. Analyzing output position data from MicroSaint Sharp.

3. Under snapshots, right click altitudespeed and select Open in Spreadsheet (Figure

249)

v 4 b

Halt

stetoV
tex Ev
nderE
6)

task
riables

if Vorte
of Blune
ex Eve
der Ex

x
A

Tree View

&3 Objec

=8 ] Dptuuw—-
@ Sharp Talk 360

Figure 249. Accessing position data from MicroSaint Sharp.

# 0 Task Network
@ Variables
@ Functions

Add Snapshot
Add Expression

Delete Snapshot

“ Show Properties as HTML
Edit Snapshot

Show Result Data

Show Result Chart

Show Result Histogram
Export Result File

Open in Spreadsheet
Copy

Cut

' & iy

Paste
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4. A spreadsheet will open that contains Z position (altitude in feet), Speed (feet per

second) and the Clock (elapsed time) (Figure 250).

1 Microsoft Excel - altitudespeed

)

File Edit View Insert Format

Tools

Data  Window

PN EEH SIS QYR %SRS

Help
o8 = -5l Al

i

Snaglt ' | window

Al - A NASA227 PositionFeet.Z

o

alala
N|=|O

ala]a]=
DN =W

P Y PG
O~

(NSNS SIS IS TN NN
WIN=0OQO~NO M &WN=O

A
NASA227 .PositionFeet.Z I NASA227.

9980.561647
9961.123294
9941.65494
9922 246587
9502.808234
9883.369881
9863.931527
9544.493174
9825.054821
9805.616468
9786.178114
9766.739761
9747 301408
9727 863055
9708.424701
9688.986348
9669.547995
9650.109642
9630.671288
9611.232935
9591.794582
3980.555556
3961.111111
3941 666667
3922.222222
3902.777778
3B883.333333
3863.888889
3844.444444
3825
3805.555556
37686.111111

34

Figure 250. MicroSaint Sharp positional data output in Excel format.

3766.666667

Speed FPS Clock

354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975
354.43975

15

25

35

4.5

5

6.5

7.5

85

ElE
10.5
1.5
(215
13.5
14.5
155
16.5
17.5
18.5
19.5
205
215
225
235
245
255
265
275
285
295
305
315
325
335

* Note you can export this report any time with base .saint file. For example, if you want
to output position data for a run that was completed six months ago, simply open the
original .saint file and repeat steps 2-4 above.
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Analysis: Reverse Engineering MIDAS Task Model Output
1. Open MIDAS TaskBeginEnd runlofl.csv file in a word processing package like
Microsoft Excel (Figure 251).

[CXeXe) MIDAS_TaskBeginEnd_runlofl.csv
Pllald= &6 OB & b-e- 2- & Z H @ sx-©

New Open Save Print Import Copy Paste Format Undo Redo  AutoSum Sort A-Z Sort Z-A  Gallery Toolbox ~ Zoom  Help

Verdana Flo -] B I U E Al B % 5 G M EE B-S-A-

Sheets l Charts ] SmartArt Graphics I ‘WordArt

< A B C D F G

1 RunNumber Time Context Operator start/end Task ID Task Name

2 1 0 descent Captain start 75 Set Number of Runs & Other Settings

3 1 0 descent First_Officer start 75 Set Number of Runs & Other Settings
4 1 0 default ATC_Controllei start 33 Approach Control First Task

5 1 0.1 descent Captain end 75 Set Number of Runs & Other Settings
[ 6 | 1 0.1 descent First_Officer end 75 Set Number of Runs & Other Settings

7 1 0.1 default ATC_Controlleiend 33 Approach Control First Task

8 1 0.1 descent Captain start 78 route operators

9 1 0.1 descent First_Officer start 78 route operators

10 1 0.1 default ATC_Controllel start 101_64 End all ATC tasks sets from previous run
11 1 0.1 descent Captain end 78 route operators

12 1 0.1 descent First_Officer end 78 route operators

13 1 0.1 default ATC_Controlleiend 101_64 End all ATC tasks sets from previous run
14 1 0.1 descent Captain start 10 Captain's First Task

15 1 0.1 descent First_Officer start 11 First Officer's First Task

16 1 0.1 default ATC_Controllei start 101_63 ATC Tasks

17 1 0.1 descent Captain end 10 Captain's First Task

18 1 0.1 descent First_Officer end 11 First Officer's First Task

19 1 0.1 default ATC_Controlleiend 101_63 ATC Tasks

20 1 0.1 descent Captain start 32_4 routing task

21 1 0.1 descent Captain start 48_13 Route Operators

22 1 0.1 descent Captain start 515 InitEquipment

23 1 0.1 descent Captain start 58_4 InitializeFeatures

24 1 0.1 descent Captain start 92_25 Clear any tasks from previous context
25 1 0.1 descent Captain start 100_271 Route Operators & init vars

26 1 0.1 descent Captain start 111_47 routing task

27 1 0.1 descent First_Officer start 48_13 Route Operators

28 1 0.1 descent First_Officer start 31_48 RNAV or VCSPA Router

29 1 0.1 descent First_Officer start 67_4 routing task

30 1 0.1 descent First_Officer start 94_26 Clear any tasks from previous context
31 1 0.1 descent First_Officer start 96_2 RNAV

32 1 0.1 descent First_Officer start 100_271 Route Operators & init vars

33 1 0.1 descent First_Officer start 109_446 Select Scenario Type

34 1 0.1 descent First_Officer start 110_1 Set Equip States by Scenario Type

35 1 0.1 descent First_Officer start 112_2 RNAV

36 1 0.1 default ATC_Controllel start 101_73 routing task

37 1 0.1 descent Captain end 32_4 routing task

38 1 0.1 descent Captain end 48_13 Route Operators
@. <<+ »i JL MIDAS_TaskBeginEnd_runlofl.csv [+ J c—————————————— =)

Normal View Ready © SCRL | © CAPS | © NUM

Figure 251. Reverse Engineering Process of MIDAS scenario.

2. Resave as a .xlIs or .xIsx file

3. Create a new column called ignore and label all non-operator based tasks as
ignore

4. Filter the model down to the desired tasks (e.g. reprogram FMS)
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Analysis: Calculate Percent Dwell Time
1. Open the MIDAS FixationChanges runlofl.csv file (Figure 252)

e 00 (JRuns on 9-24-2010 o
(o] a )
DEVICES Name T Date Modified v Size | Kind Version
=4 Macintosh HD » [ vCspPA_200 Friday, September 24, 2010, 1:14 PM -— Folder -
5] My Book a » [ vcspA_soo Friday, September 24, 2010, 12:59 PM — Folder —
— v ([ RNAV_NP Friday, September 24, 2010, 12:47 PM - Folder -
PLACES 3 MIDAS_Workload_Management_First_Officer_runlofl.csv Friday, September 24, 2010, 12:46 PM 4 KB Micro...ument —
B Desiaop [} MIDAS_Workioad_Management_Captain_runlofl.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro.ument -
& dbakowski ] MIDAS_Workioad_Management_ATC_Controller_runlofl.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro.ument -
b ru— (] MIDAS_Workload_First_Officer_runlofLcsv Friday, September 24, 2010, 12:46 PM 140KB  Micro.ument  —-
',“ o | MIDAS_Workload_Captain_runlofl.csv Friday, September 24, 2010, 12:46 PM 144 KB Micro...ument —
| MIDAS_Workload_ATC_Controller_runlofl.csv Friday, September 24, 2010, 12:46 PM 88 KB Micro...ument -
SEARCH FOR 7\ MIDAS_TaskBeginEnd_runlofl.csv Friday, September 24, 2010, 12:46 PM 508 KB Micro...ument o
Today || MIDAS_Situational_Awareness_First_Officer_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 20 KB Micro...ument .
D Yesterday | MIDAS_Situational_Awareness_Captain_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 20KB  Micro..ument -
- |1 MIDAS_Situational_Awareness_by_Task_First_Officer_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM L1MB Micro...ument .
| MIDAS Situational_Awareness_by_Task_Captain_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 1MB  Micro ument -
| MIDAS_Situational_Awareness_by_Task_ATC_Controller_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 112 KB Micro...ument .
| MIDAS_Situational_Awareness_ATC_Controller_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro.ument -
7\ MIDAS_Situation_Element_Required_by_Task_First_Officer_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4 KB Micro...ument .
| MIDAS_situation_Element_Required_by_Task_Captain_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4 KB Micro...ument —
7\ MIDAS _Situation_Element_Required_by_Task_ATC_Controller_runlofl_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4 KB Micro...ument -
[1 MIDAS_Situation_Element_Accessibility_and_Perception_First_Officer_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 40KB  Micro...ument -
| MIDAS _Situation_Element_Accessibility_and_Perception_Captain_runlofl_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 40 KB Micro...ument -
|1 MIDAS_situation_Element_Accessibility_and_Perception_ATC_Controller_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4 KB Micro...ument —
| MIDAS_SEEV_Events_run1ofl.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro..ument -
L
| MIDAS_Accuracy_First_Officer_runlofl.csv Friday, September 24, 2010, 12:46 PM 28 KB Micro...ument -
3 MIDAS_Accuracy_Captain_runlofl.csv Friday, September 24, 2010, 12:46 PM 28 KB Micro...ument —
| MIDAS_Accuracy_ATC_Controller_runlof.csv Friday, September 24, 2010, 12:46 PM 32K8  Micro.ument  —-
M Land_and_Taxi_FAA_Task_3.midas Friday, September 24, 2010, 12:46 PM 436 KB Unix ...ble File —
[7) MIDAS_SEEV_Settings_runlofl.csv Friday, September 24, 2010, 12:32 PM ZeroKB  Micro.ument -
» [ RNAV_WP Friday, September 24, 2010, 12:31 PM — Folder —
2 Macintosh HD » (i] Users » 4% dbakowski » (5] Desktop » (] Runs on 9-24-2010 » (] RNAV_NP » [ | MIDAS_FixationChanges_run1ofl.csv
1 0f 30 selected, 244.4 GB available 4

Figure 252. Output file used to create percent dwell time.

2. Resave as a .xlIs or .xIsx file
3. Create a new column called recoded context and recoded the contexts (Table 31)
according to preference (Figure 253)

Table 31. Default and new context settings.

Default Contexts Recoded Context

Descent, Approach Initial Descent and Approach_Initial

Approach_Transitional 1, Approach_Transitional 1,2 and
Approach Transitional 2, Approach Final | Approach Final

Land Initial, Land Final Land Initial and Land Final
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Verdana

coaNavawn -]
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— (Show AID.
(Show Top 10.

Sort Ascending
Sort Descending

(Custom Filter.)

— HITL & HPM RNAV NoPair %Dwell.xlsx

Land Init & Lar

Descent and Approach Init

nd Final

Bescent and Approach Init

FP_CA_PF er
Fixation_Point_Near_Mode_Control_Panel

Fixation_Point_Near_Jepp
Left

Figure 253. Recoding a variable output from a MIDAS scenario.

4. Create a pivot table to derive total time across each phase (Figure 254)

000 " HITL & HPM RNAV NoPair %Dwell.xIsx
£ i H
Sheets Charts SmartArt Graphics Wo
<> A B c |
| 1
|2
3 [Recode Data Total
4 Appraoch Trans 1 & Approach Trans 2 & Approach Final |Min of Time 92.9
5 Max of Time2 | 179.4
Descent and Approach Init Min of Time 1.4
7 Max of Time2 92.8
8 Land Init & Land Final Min of Time 179.7
9 Max of Time2 | 228.6

Figure 254. Create pivot table to derive total time across each phase of flight.

5. Find the Sum of Duration (Figure 255).

178

Descent and
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Appraoch Trans 1 &
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Approach Final
Land Init &

Land Final

Min Time

1.4
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179.7

Max Time Total Time

92.8

179.4

228.6

91.4
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S OO HITL & HPM RNAV NoPair %Dy
Pl | 5 [ 0 » - @il F - B Ze o Fe 120 -] (&)
New Open Save Import Copy © = Format (. ... AutoSum Sort A-Z Sort Z-A Gallery Toolbox Zoom  Help
Verdana -1 - B I U R I TS A es L
[ sSheets | Charts | Smarcarc Graphi
e A B c D
1
2
3 Sum of Duration
4 [Recode Operator Fixation Point
5 Appraoch Trans 1 & ApgCaptain
6
rd S
8 ation__Point_Near_Mode_Control_Panel
9 Fixation_Point_Near_ Upper_ EICAS
10
11
12
13
1ia
is
16
17
is8
19
20 Right Window
21 First_Officer Fixation_Point_CDU_FO
22 Fixation_Point_Near_Jep
23 Fixa n_Point_Near_Lower_ EICAS
249 _Panel
25 Fixation_Point_Near_Upper_ EICAS
26 FP_FO_NAV_MFD_Center
27 FP_FO_NAV_MFD_Route_ Current
28 FP_FO_NAV_MFD_Top
29 FP_FO_PFD_Bottom
FP_FO_PFD_Center
31 FP_FO_PFD_Left
32 FP_FO_PFD_Right
33 Front_Left _Window
34 Front_Right _Window
3s Left_window
36 Right Window
37 Descent and Approach [Captain
38
39
40
a1
a2
a3
a4
45
46
47 = | |
48 FP_CA_PFD_Right
49 Front_Left Window
50 Front_Right_Window
51 Left_Window
52 Right_Window
53 First_Officer ation__Point_CDU_FO
54 Fixation_Point_Near_Jepp
=) Tl RNAV nopair_F ch Pivor | Calculate %0well | Hooey&Foyle original _ Hooey modificd | D:
Normal View Ready

Figure 255. Find the sum of duration.

6. Group Fixation Points (NAV, PFD, OTW) and calculate %Dwell (Figure 256).

e oo
Pl H B *

HITL & HPM RNAV NoPair %Dwell.xlsx
2. 20 Z e

AutoSum Sort A-Z SortZ-A Gallery Toolbox

119% =

Help

Undo _Redo Zoom

New Open Save Import Copy ©:i Format
- B I U

Verdana -0 s G M SESE v i Avase | | L E A

A~

[-—sheses Werdare

lD

Sum of Dul

Charts-—w-] - Smartare Graphics ]
A 5 €
Recode
oo TRrs TE |
Abbroach Trans 2 &
Abbroacn finai

Operator
Captain

m
5 00950/ 8 win| )

Descent and
Approach Init

Captain

27.381%

17.221%

Tand Init & Land Final Fixation_point_Near_Jepp

Fixation_Point_Near_Lower EICAS

Captain

28.493%

40.847%

38.9] 11.937%

T RNAV. nopair_F Pivor | Calculate %Dwell | Hooey&foyie original | Hooey modified | Data

|
G

Howell PFD_] owell NAV ] %owell OTW 15 J|

Normal View Ready. © SCRL

© CAPS | © NUM

Figure 256. Illustration of the process to group fixation points to calculated percent dwell time.

*Note: Make sure to confirm which operator (CA or FO) you are calculating in operator

column of pivot report as it includes both CA and FO
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7. Plug the numbers into a summary spreadsheet and plot (Figure 257)

®eo0o = HITL & HPM %Dwell.xIsx

Plig | B O & - - - 85 Z [ @ 40x-] ©

New Open Save Import Copy Paste Format Undo i« AutoSum SortA-Z SortZ-A Gallery Toolbox ~Zoom  Help

Verdana -9 - B I U bal 8 % 5 G M EE -G A-me |07 H A A
Sheets Charts | SmartArt Graphics | WordArt |
< A G D E
1 %%Dwell
2 HITL: Hooey & Foyle, 2009 (*does not include Phase 1)
3 HPM: July 22, 2010 (*Summed across Fixation Points)
4
Appraoch Trans 1 &
Descent & Approach Trans 2 & Land Init &
b HPM Context Approach Init Approach Final Land Final
Initial Approach Fix - Final Approach Fix - Manual Control (6507) -
6 HITL Context Final Approach Fix Manual Control (650") End of Scenario
7 Phase 10,000 ft - 1,800 f . T - >
8 HITL PFD (S3) Captain 19.00% 17.30% 15.20% *Does not include Phase 1
9 HITL PFD (S4) Captain 58.20% 48.70% 33.20% *Does not include Phase 1
10 HITL PFD (S5) Captain 36.30% 44.20% 35.30% *Does not include Phase 1
| 11 HITL PFD (Average) Captain 37.83% 36.73% 27.90% *Does not include Phase 1
‘ 12 |HPM RNAV NoPair PFD (7-22-2010) Captain 27.38% 28.19% 40.85%
| 13 'HPM VCSPA 200" PFD (9-24-2010) Captain
‘ 14 HPM VCSPA 800' PFD (9-24-2010) Captain
15
16
18
19 10,000 ft - 1,800 ft 1,800 ft - 650 ft 650 ft - O ft
20 [HITL NAV (S3) Captain 65.70% 63.10% 20.30% *Does not include Phase 1
| 21 |HITL NAV (S4) Captain 34.90% 33.80% 2.23% *Does not include Phase 1
| 22 HITL NAV (S5) Captain 57.70% 46.40% 6.60% *Does not include Phase 1
| 23 HITL NAV (Average) Captain 52.77% 47.77% 9.71% *Does not incluce Phase 1
| 24 |HPM RNAV NoPair NAV (7-22-2010) Captain 22.58% 21.21% 28.49% I
25 HPM VCSPA 200' NAV (9-24-2010) Captain
| 26 HPM VCSPA 800' NAV (9-24-2010) Captain
27
‘ 28
| 29
| 30
| 31
32 10,000 ft - 1,800 ft 1,800 ft - 650 ft 650 ft - 0 ft
| 33 HITL OTW (S3) Capt: 0.50% 8.00% 46.40% *Does not include Phase 1
34 |HITL OTW (S4) Capt: 1.00% 12.10% 64.58% *Does not include Phase 1
35 |HITL OTW (S5) Captain 0.40% 2.10% 58.20% *Does not include Phase 1
36 HITL OTW (Average) Captain 0.63% 7.40% 56.39% *Does not include Phase 1
37 |HPM RNAV NoPair OTW (7-22-2010) Captain 17.22% 18.17% 11.94% |

38 HPM VCSPA 200' OTW (9-24-2010) Captain
| 39 HPM VCSPA 800' OTW (9-24-2010) Captain

Figure 257. Create summary spreadsheet to facilitate generation of PDT.
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Analysis: Workload

1. Open MIDAS Workload Captain or First Officer runlofl.c

sv file (Figure 258).

2/13/20

® 00 ([ZJRuns on 9-24-2010
B = Q

DEVICES Name | Date Modified Size | Kind Version
3 Macintosh HD » [ vesea_200 Friday, September 24, 2010, 1:14 PM -~ Folder -
1 My Book 4 > [ vesea_soo Friday, September 24, 2010, 12:59 PM - Folder -
- v [ RNAVNP Friday, September 24, 2010, 12:47 PM -~ Folder -
PLACES ~| MIDAS_FixationChanges_run1ofl.csv Today, 11:10 AM 128KB  text -
B Desktop ] MIDAS_Workload_Management_First_Officer_runlofl.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro..ument  --
2 dbakowski ] MIDAS_Workload_Management_Captain_runlof1.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro.ument -
A Applications [ MIDAS_Workload_Management_ATC_Controller_runlofl.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro..ument  --
] MIDAS_Workload_First_Officer_runlofl.csv Friday, September 24, 2010, 12:46 PM 140KB  Micro..ument  --

Documents 0
SEARCH FOR [[] MIDAS_Workload_ATC_Controller_runlofl.csv Friday, September 24, 2010, 12:46 PM 88KB  Micro. ument -
roiey | MIDAS_TaskBeginEnd_runlofl.csv Friday, September 24, 2010, 12:46 PM S08KB  Micro.ument  --
Ny [[] MIDAS_Situational_Awareness_First_Officer_run1lof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 20K8  Micro. ument -
- [[] MIDAS_Situational Awareness_Captain_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 20KB  Micro. ument -
[[] MIDAS_Situational_Awareness_by_Task First_Officer_runlof1_with SEEV.csv Friday, September 24, 2010, 12:46 PM L1MB  Micro..ument -
| MIDAS_Situational Awareness_by_Task_Captain_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM IMB  Micro.ument  --
[1 MIDAS Situational_Awareness_by_Task_ATC_Controller_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 112KB  Micro..ument -
| MIDAS_Situational Awareness_ATC_Controller_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro_ument -
[[] MIDAS_Situation_Element_Required_by_Task_First_Officer_runlof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro_ument -
[[] MIDAS Situation_Element_Required_by_Task_Captain_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro..ument  --
[[] MIDAS Situation_Element_Required_by_Task_ATC_Controller_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 4KB  Micro. ument -
[[] MIDAS Situation_Element_Accessibility_and_Perception_First_Officer_run1lof1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 40KB  Micro.ument — --
[[] MIDAS Situation_Element_Accessibility_and_Perception_Captain_run1of1_with_SEEV.csv Friday, September 24, 2010, 12:46 PM 40KB  Micro.ument -
| MIDAS Situation_Element_Accessibility_and_Perception ATC_Controller_run1of1_with SEEV.csv Friday, September 24, 2010, 12:46 PM 4K8  Micro_ument -
[ MIDAS_SEEV_Events_runlofl.csv Friday, September 24, 2010, 12:46 PM 4K8  Micro_ument -
[ MIDAS_Accuracy_First_Officer_runlofl.csv Friday, September 24, 2010, 12:46 PM 28KB  Micro. ument -
[ MIDAS_Accuracy_Captain_runlofl.csv Friday, September 24, 2010, 12:46 PM 28KB  Micro. ument -
] MIDAS_Accuracy_ATC_Controller_runlofl.csv Friday, September 24, 2010, 12:46 PM 32KB  Micro..ument  --
M Land_and_Taxi_FAA_Task_3.midas Friday, September 24, 2010, 12:46 PM 436KB  Unix.bleFile -
] MIDAS_SEEV_Settings_runlof1.csv Friday, September 24, 2010, 12:32 PM ZeroKB  Micro..ument  --
> [ RNAV WP Friday, September 24, 2010, 12:31 PM -~ Folder -
) Macintosh HD » (] Users » 4} dbakowski » (5] Desktop » (] Runs on 9-24-2010 » (] RNAV_NP » || MIDAS_Workload_Captain_runlofl.csv
1 0f 30 selected, 244.39 GB available 4

Figure 258. Processing workload output from MIDAS.

2. Resave as .xls or .xIsx

3. Create a new column called recoded context (Table 32) and recode the contexts
according to preference (Figure 259)

Table 32. To recode context for workload analysis.

Default Contexts

Recoded Context

Descent, Approach Initial

Descent and Approach Initial

Approach_Transitional 1,
Approach Transitional 2, Approach Final

Approach_Transitional 1,2 and
Approach Final

Land Initial, Land Final

Land Initial and Land Final
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® O o HITL & HPM RNAV NoPair %Dwell.xIsx

Pl | & ) i0 = - 2. 20 B fg ok -l (@)
New Open Save Import Copy Paste ~ AutoSum Sort A-Z Sort Z-A Gallery Toolbox Zoom Help.
Verdana -l - [@E1

pad w6 2 SR M == Blc San A vseei L) DI ET AT A

Sheets Charts-—|—Smartart Graphics—| - Wordart—]|
D F G H
¢ /Recode operator &
Firation P

Near_Mode_Control_Panel

T4 ; 3
s g i interior t Near Mode_Control_panel
1.6 0.176795105 descent 9 it_Officer exterior ront_Left_Winde
15 O37eiresss aescent Jiin o Sxterior  Front Left Window
23 0335103667 descent Officer interior  Fixation. point Near_Lower EICAS
35 Oalesiacs descent mterior R Ay D
33 Ga09309714 descent [°Gificer interior  Fp_FO_PFD Cen
37 0383350705 descent nierior  Fp CA PFD Lelt
33 0320770765 descent I interior PP CA_PrD Center
35 Oiizierse descent [ Gificer interior  Fp_rO_pFD center
33 0335243303 descent ficer interior b FO NAV MFD Top
35 oa2as27290 Captam - interior  Fp_CA_NAV_MFD_Top
37 GAs30s787y descent Finst Officer interior  Fhxation. oint COU- FO
37 0393504306 descent . nierior  Fixation_Polnt DU
33 0315703187 descent First Officer interior  FP FO. NAV. MFD. Roate Current
33 032053041 descent n merior CANAV MrD_Route Current
35 03icooaiss acscent Fingt Officer  xterior  Fromt Right Window
33 Olasresizey aescent n Xterior  Front Left Window
33 OZ4erisss descent First Officer interior  Fp_FOLPFD Bottom
35 03seasseis descent i mrerior CA_pro_Botto
30 Gartaze3s descent Firct Officer  exterior  Right Window
33 0387030763 descent Captain " oxterior Lk Window
33 0338244781 descent i Finct Officer interior | Foxation. pelnt_Near_lepp
32 Olajasssess descent in <" interior  Fixation_Point Neer Mode Control Panel
35 0310178903 descent Captain interior  Fixation_polnt Near_Lower EICAS
80 0assisises descent i FirstOfficer Interior  Fixation_point Near_Mode Control_Panel
G2 0330303604 descent ptam - interior  Fixation_Point Near_Unper E1CAS
63 0305064754 descent Firct Officer interior  Fixation_point Near Upper EICAS
G5 0387243786 tan - interior  Fp CA PFD.
87 0378369662 descent Finst Officer  interior
58 035istva descent aptain— Tinterior
71 Olas027i93 descent Captain —interior
73 0101933 descent Finst Officer Interior
75 0375338131 descent First Officer  interior
75 0338341425 descent Captain " interior
75 03sotsres descont Captain mterior
78 0307470633 descent Finst "Officer  interior
&3 0396035575 descent First Officer  interior
81 0319599955 descent Capt interior
34 037955041 descent Finst Officer Interior
84 0357078411 descent i mterior
86 0308644015 descen First Officer interiar
87 0307663268 descent Capta ederior
35 0333383205 descent Fingt Officer  exterior
53 0345617993 descent Capt terior
53 0363768371 ret Officer  exterior
53 035341315 descent Staim - interior
33 030333836 descent Firct-Officer  interior
55 034363393 descent Capta interior
58 0337399371 descent broach Inii Captain nterior  Fhxation. paint_ Near_Mode_Control_Panei
35 0308899345 descent Finst Officer interior BTG, PFD. LeR
loz 038357578 escent First _Officer Interior | Flxation Point_ Near_Jspp
103 03Gcassats descent Captam " interior b CA PrD. Lt
103 03isizessi aescent R interior  Fixaton peint CDU_CA
108 0331933351 aescent First Officer interior  £B FO. PED Le
108 03acois3es descent Descant and Approach Init Captam ' interior  Fp_CA_PFD_Right
I3 O3osiseese descent Dezcent and Approach nit Finst Officer interior  Fixation. ot CDU_FO
13 0adyivacss aescent Descent and Approach Inlt Captam " interior  £B A NAV MFD Route Current
13 03a%aads: Gescent Descent and Approsch Init First Officer interior  Fb_FO_PFD Right
33 olsosszela gescent Bezcent and Approach Init Captam ' interior  Fp_Ca_prD_Bottom
1% 0050101848 gescent Descent and Approach Init Finct Officer interior PP rO_NAV_MFD. moute_Current
16 0213077085 aescent Descent and Approach Init Captam " interior __Fp_CA_PFD Le
V< < = = TL_RNAV_noPair_Fi [ _Pivot__ Calculate %Dwell _ Hooey&Ffoyle original | Hooey modified | Data | %Dwell PFD__ %Dwell NAV__ %Dwell OTW |+ I
Normat view. | Reay © SCRL [ CAPS [ © NoM

Figure 259. Example of recoding workload file when combining phases of flight.

4. Sum each row and take the average of each workload channel (columns) (Figure
260)

| 1 | 1 = L
A B | D E [ F [ G | H 1 [ J [ [ L ]
RunNumber  Time Context Recoded Context Visual Auditory Cog Spatial  Cog Verbal  Fine Motor  Gross Motor  Voice Sum

1 281 land_final land_initial and land_final 24,94 7.64 17.71 9.9 20.42 12.04 0 92.65
1 281.1 land_final land_initial and land_final 24,94 7.64 17.71 9.9 20.42 12.04 0 92.65
1 281.2 land_final land_initial and land_final 24,94 7.64 17.71 9.9 20.42 12.04 0 92.65
1 281.3 land_final land_initial and land_final 19.44 6.53 15.25 9.3 15.36 9.24 0 75.12
1 281.4 land_final land_initial and land_final 19.44 6.53 15.25 9.3 15.36 9.24 0 75.12
1 281.5 land_final land_initial and land_final 19.44 6.53 15.25 9.3 15.36 9.24 0 75.12
1 281.6 land_final land_initial and land_final 19.44 6.53 15.25 9.3 15.36 9.24 0 75.12
1 281.7 land_final land_initial and land_final 19.44 6.53 15.25 9.3 15.36 9.24 0 75.12
1 281.8 land_final land_initial and land_final 19.44 1213 18.98 16.88 15.36 9.24 0 92.03
1 281.9 land_final land_initial and land_final 16.95 11.77 18.98 16.88 0 0 0 64.58
1 282 land_final land_initial and land_final 16.95 11.77 18.98 16.88 0 7.34 0 71.92
1 282.1 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 282.2 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 282.3 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 282.4 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 282.5 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 282.6 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 282.7 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 282.8 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 282.9 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 283 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 283.1 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 283.2 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.3 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.4 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.5 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.6 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.7 land_final land_initial and land_final 15.4 5.81 13.37 8.8 0 7.34 0 50.72
1 283.8 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 283.9 land_final land_initial and land_final 16.87 11.77 16.02 15.08 0 7.34 0 67.08
1 284 land_final land_initial and land_final 23.97 13.24 18.6 15.68 17.28 9.39 0 98.17
16.806 6.402 14.376 9.503 4.929 6.768 0.000 58.784

8.398

Figure 260. Analyzing MIDAS workload .csv files.

Calculate the average overall workload (average of columns E-K in this example) which
is displayed in Column L (last row) (Figure 260).

182



MIDAS 5.0 Training 2/13/20

Analysis: How to Plot the MIDAS Output in Excel
1. Open your data summary sheet (Figure 261)
A N

B . © . D

<>
1 |HPM Workload Plots
2
Approach Trans |Land Init
Descent and 1,2 and and Land
3 HPM Context Approach Init Approach Final _|Final |
4 Phase 10,000 ft - 1,800 ft |1,800 - 650 ft 650 ft - 0 ft
5
6 |OVERALL
7 HPM RNAV NoPair Overall Workload (Average) (10.8.2010) Captain 3.458 3.114 8.398
8 HPM VCSPA 200’ Overall Workload (Average) (10.8.2010) Captain 3.433 2.393 4.453
9 'HPM VCSPA 800' Overall Workload (Average) (10.8.2010) Captain 3.433 3.331 11.454
10 HPM RNAV NoPair Overall Workload (Average) (10.8.2010) FO 3.496 3.412 5.886
11 HPM VCSPA 200’ Overall Workload (Average) (10.8.2010) FO 3.580 2.860 4.063
12 HPM VCSPA 800’ Overall Workload (Average) (10.8.2010) FO 3.580 3.585 7.529
13
14 \VISUAL
15 HPM RNAV NoPair Visual Workload (10.8.2010) Captain 7.634 7.793 16.806
16 HPM VCSPA 200’ Visual Workload (10.8.2010) Captain 7.570 6.395 10.991
17 |HPM VCSPA 800’ Visual Workload (10.8.2010) Captain 7.570 8.396 22.835
18 | HPM RNAV NoPair Visual Workload (10.8.2010) FO 7.566 7.709 14.626
19 HPM VCSPA 200’ Visual Workload (10.8.2010) FO 7.590 6.661 10.293
20 |HPM VCSPA 800' Visual Workload (10.8.2010) FO 7.590 8.315 19.192
21
22 |/AUDITORY
23 HPM RNAV NoPair Auditory Workload (10.8.2010) Captain 5.308 4.618 6.402
24 |HPM VCSPA 200’ Auditory Workload (10.8.2010) Captain 5.272 4.053 5.230
25 |HPM VCSPA 800’ Auditory Workload (10.8.2010) Captain 5.272 4.649 7.669
26 |HPM RNAV NoPair Auditory Workload (10.8.2010) FO 5.196 4.721 5.992
27 'HPM VCSPA 200’ Auditory Workload (10.8.2010) FO 5.277 4.290 4.998
28 HPM VCSPA 800’ Auditory Workload (10.8.2010) FO 5.277 4.808 7.058
29

Figure 261. Example of summary sheet that was generated for the workload variable.

2. Select rows that you would like to plot and click on charts drop down menu
(Figure 262).
| sheets | Charts | SmartArt Graphics | wordar |

Area Bar Bubble Column Doughnut _Line | Chart styles such as bar, pie, line, area, | XY (Scatten)
{bubble, and scatter

Insert Chart . f
- 4 . o |
e || 3 (MY ||[DD | | ATHE A | E
A ________________________________________& _________c D |
1 HPM Workload Plots

2

Approach Trans  |Land Init
Descent and 1, 2 and and Land
3 HPM Context Approach Init Approach Final _|Final |
4 _Phase 10,000 ft - 1,800 ft [1,800 - 650 ft 650 ft - 0 ft
5
6 |OVERALL
E HPM RNAV NoPair Overall Workload (Average) (10.8.2010) Captain 3.458 3.114 8.398
HPM VCSPA 200’ Overall Workload (Average) (10.8.2010) Captain 3.433 2.393 4.453
[} HPM VCSPA 800’ Overall Workload (Average) (10.8.2010) Captain 3.433 3.331 11.454
HPM RNAV NoPair Overall Workload (Average) (10.8.2010) FO 3.496 3.412 5.886
HPM VCSPA 200’ Overall Workload (Average) (10.8.2010) FO 3.580 2.860 4.063
HPM VCSPA 800’ Overall Workload (Average) (10.8.2010) FO 3.580 3.585 7.529
13

Figure 262. Selecting data for data presentation in Excel.

3. Once you select your desired chart type, the chart will appear on the current
spreadsheet (Figure 263).
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30 |COGNITIVE VERBAL AND SPATIAL

All Area Bar Bubble Column Doughnut ' QLM ~ Pie Radar Stock Surface XY (Scatten)
Change Chart N . e
Click a chart type to o Ay
< 3 c D
1 HPM Workload Plots
2
Approach Trans |Land Init
1,2 and and Land
3 HPM Context Approach Init  |Approach Final _ |Final
4 Phase 10,000 ft - 1,800 ft [1,800 - 650 ft  [650 ft - O ft
5
6 |OVERALL
7 [HPM RNAV NoPair Overall Workload (Average) (10.8.2010) Captain 458 3114 8.398
8 |HPM VCSPA 200’ Overall Workload (Average) (10.8.2010) Captain 3.433 2.393 4.453
9 |HPM VCSPA 800’ Overall Workload (Average) (10.8.2010) Captain 3.433 3.331 11.454
10 |HPM RNAV NoPair Overall Workload (Average) (10.8.2010) FO 3.496 3.412 5.886
11 |HPM VCSPA 200' Overall Workload (Averaqe) (10.8.2010) FO 3.580 2.860 4.063
12 |HPM VCSPA 800" Overall Workload 10.8.2010) FO .580 3.585 7.529
13
14 |VISUAL
15 HPM RNAV NoPair Visual Workload (10.8.2010) Captain 16.806
16  HPM VCSPA 200’ Visual Workload (10.8.2010) Captain 14.000 10.991
17  HPM VCSPA 800’ Visual Workload (10.8.2010) Captain 12000 22.835
18 | HPM RNAV NoPair Visual Workload (10.8.2010) FO s 14.626
19 |HPM VCSPA 200' Visual Workload (10.8.2010) FO 000 . p 10.293
20 HPM VCSPA 800’ Visual Workload (10.8.2010) FO 4.000 19.192
21 el — S S
22 |AUDITORY 0.000 — . . . . o serien2 H
23 | HPM RNAV NoPair Auditory Workload (10.8.2010) Captain 238838 ﬁg 538338 83 g series3 ||| 6.402
24 |HPM VCSPA 200’ Auditory Workload (10. EEPREFREPRI PR F LD 5.230
25  HPM VCSPA 800" Auditory Workload (10. 322532532333 533 532 7.669
26 |HPM RNAV NoPair Auditory Workload (10.8.2010) FO SEEZTEzIELSTE Gz E | s5.992
27 |HPM VCSPA 200’ Auditory Workload (10.8.2010) FO BIEI R R R IR 4.998
28 |HPM VCSPA 800' Auditory Workload (10.8.2010) FO = s = = = = 7.058

Figure 263. Create initial data plot for examination.
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4. Make edits to the chart via the chart drop down menu or the toolbox (Figure 264).

@ Excel File Edit View Insert Format TooIsWinduw Help $

BHEE e El-

5o Fomnmng Palette

@00 Chart Type... HPM Workload_10.8.10.xIsx =,
_ = T i Source Data... - - IES %
PR E R S fO=es Nl | 100% |+| (@) » Font
New Open Save Print Import Copy Paste Format Undo Redo  Autof llery Toolbox  Zoom  Help » Alignment and Spacing
— — f Add Data... [
Calibri (Body) |10 = B I U E.E:CAO[: % = F:E'Q'A~ Vabiumber
er F Number
Sheets |- Charts | - SmartArt Graphics WordArt ermat "ﬂm tm
CAIL Area | Bar Bubble Column Dnughm Radar Stock Surface XY (Scatter) \ Decimal: €0 S0 \
_Change Chart R = ¥ Chart Options.
AN ~7 Titles
Click a chart type to C/ b/ Q/ N -
change the crat |4 " ChaniTie -
== 8 c b | [Click here to add title
1 |HPM Workload Plots Axes
2
Show il | |l
Approach Trans [Land Init i) !
Descent and 1, 2and and Land | Gridlines ————
3 |HPM Context roach Init |Approach Final Major [d [T
: Phase 10,000 ft - 1,800 ft [1,800 - 650 ft — W
6 OVERALL Other options.
7_[HPM RNAV NoPair Overall Workioad (Average) (10.8.2010) Captain 458 3114 §.398 Labels: | None =
& |HPM VCSPA 200" Overall Workload (Average) (10.8.2010) Captain 3.433 2393 4.453 Legend: [Rigm T
9 |HPM VCSPA 800’ Overall Workload (Average) (10.8.2010) Captain 3.433 3.331 11.454 2gend:i| Rig
10 [HPM RNAV NoPair Overall Workload (Average) (10.8.2010) FO 3.496 3.412 5.886 ¥ Chart Data
11 |HPM VCSPA 200' Overall Workload (Average) (10.8.2010) FO 3.580 2.860 4.063 Edit... Sort by: | E) |
12 |HPM VCSPA 800' Overall Workioad (10.8.2010) FO 580 3.585 7.529 y
13 Data Table  None -~
14 | VISUAL v Chart Style
15 HPM RNAV NoPair Visual Workload (10.8.2010) Captain 16.806 3
16 HPM VCSPA 200' Visual Workload (10.8.2010) Captain 10.991
17 HPM VCSPA 800' Visual Workload (10.8.2010) Captain 22.835
18  HPM RNAV NoPair Visual Workload (10.8.2010) FO 14.626
19 HPM VCSPA 200' Visual Workload (10.8.2010) FO . 10.293
20 |HPM VCSPA 800" Visual Workload (10.8.2010) FO y 19.192 VALY
21 L ¢ L —#—Series1 WV Vv
22 | AUDITORY —— —seresz [{
23 HPM RNAV NoPair Auditory Workload (10.8.2010) Captain - seres3 || 6.402
24 HPM VCSPA 200' Auditory Workload (10.8.2010) Captain § 84 5.230 —
25 HPM VCSPA 800' Auditory Workload (10.8.2010) Captain a [EE] 7.669 aCuicksSylasand Efas
26 |HPM RNAV NoPair Auditory Workioad (10.8.2010) FO £23% | 5.992 @0 0 =0 abe
27 |HPM VCSPA 200" Auditory Workload (10.8.2010) FO §88% 4.998
28 HPM VCSPA 800' Auditory Workload (10. 010) FO - - 7.058
29
30 | COGNITIVE VERBAL AND SPATIAL Abc | | Abc | | Abc | Abc
31 HPM RNAV NoPair Cognitive Verbal (10.8.2010) Captain 2.093 2500 14.376 ) &2 )
32 HPM RNAV NoPair Cognitive Spatial (10.8.2010) Captain 7.170 6.319 9.503 p
33 HPM RNAV NoPair Cognitive Verbal + Cognitive Spatial (10.8.2010) Captain 9.263 8.819 23.879 i o i
34 HPM VCSPA 200' Cognitive Spatial (10.8.2010) Captain 2,081 0.701 6.487 [— —
35 HPM VCSPA 200' Cognitive Verbal (10.8.2010) Captain 6.985 5177 7.479
36 HPM VCSPA 200’ Cognitive Verbal + Cognitive Spatial (10.8.2010) Captain 9.066 5.878 13.966 J
37 HPM VCSPA 800’ Cognitive Spatial (10.8.2010) Captain 2.081 3.289 21.579 3 More Options.
38 HPM VCSPA 800' Cognitive Verbal (10.8.2010) Captain 6.985 6.302 12.135
39 HPM VCSPA 800' Cognitive Verbal + Cognitive Spatial (10.8.2010) Captain 06¢ 714 baSizesRotationsand Ordering,

9.066 9.591 33.
3 @ | I HPM Workload [ Overall Workioad (CA) [ Overall Workload (F0) ] Visual Workload (CAY ] Visual Workioad (F0) Falhory Wordoad (CA ] Audiry Woridosd [FO) J Cogien

Figure 264. Edltmg the excel charts.
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Analysis: One Sample T-Test with SPSS
1. Import the dataset into SPSS

(YO

PASW Statistics 18.0

PASW Statistics

What would you like to do?

% e Open an existing data source
More Files... m
JUsers/emahlste/Desktop/10-25-10 datase
/Users/emahlste/Desktop /updated t test m}‘
s
v

JUsers/emahlste/Desktop/T test data pool..

aRcs
o )
% O Open another type of file

<>
More Files

JUsers/emahlste/Desktop /updated t-test resu
Users/emahlste /Documents/NASA/MIDAS/MID.
Users/emahlste/Desktop/Midas Primitive vs P

[— S|

) Don't show this dialog in the future

EOF

O Run the tutorial

O Type in data

O Runan existing query

(O Create new query
using Database Wizard

Figure 265. Import data into SPSS.
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2. From toolbar select Analyze > Compare Means > One-Sample T Test... (see

Figure 266).

Graphs Utilities Add-ons

Window Help

Reports >
Descriptive Statistics >

Tables >

v vid

Generalized Linear Models

Compare Means ] [m] Means‘...
General Linear Model [t One-Sample T Test...

[l Independent-Samples T Test...

J g::fj:::de's : 1 Paired-Samples T Test... LEﬂ
g Regression X One-Way ANOVA q
* Loglinear >
46; Classify [ =
___ Dimension Reduction >
ding ¢ Scale > p ialC| ialM Settarget:
1__  Nonparametric Tests > L gy o 2
W . Forecasting [ 2 30 L0 22
48] Survival < 10 1.0/ 22
46 Multiple Response > | 4.0 10 22
26 [EdMissing Value Analysis... I 4.0 10 2.0
26 Multiple Imputation > 30 o s
~ Quality Control >
ROC Curve... [ 4.0 1.0/ 5.5
: T T 4.0 1.0/ 22
6.8 3.7 40 1.0/ 40

Figure 266. Comparing means using SPSS One-Sample T-Test.

3. Highlight the variable to run test on (Figure 267)

800 One-Sample T Test

Test Variable(s):

& Calculate landing speed - Cog [CalculatelandingspeedCog
& Callfor speed change - Cog [CallfrspeedchangeCog)
& Check current speed - Vis [Checkcurrentspeedvis]

% Check current speed - Cog [CheckcurrentspeedCog)
Reach speed dial - Vis [ReachspeeddialVis]
Reach speed dial - Cog [ReachspeeddialCog]
Reach speed dial - Mot [ReachspeeddialMor]
Set target speed - Vis [SettargetspeedVis]
Set target speed - Cog [SettargetspeedCog]
Set target speed - Mot [SetargetspeedMot]
Reach for flaps - Vis [ReachforflapsVis]
Reach for flaps - Cog [ReachforflapsCog)
Reach for flaps - Mot [ReachforflapsMot]
Set flaps - Vis [SetflapsVis] )
Set Flaps - Cog [SetFlapsCog)
Set flaps - Mot [SetflapsMot]
& Acknowledge Flaps - Cog [AcknowledgeFlapsCog)
knowledge Speed Change - Cog he Cog)
Command flaps or gear setting - Cog [CommandflapsorgearsettingCog]
Reach for Gear - Vis [ReachforGearVis]
Reach for Gear - Cog [ReachforGearCog)
Reach for Gear - Mot [ReachforGearMot
Set Gear - Vis [SetGearVis]
Set Gear - Cog [SetGearCog]
Set Gear - Mot [SetGearMot]
reach radio frequ Y - Vis
Reach radio frequ Y - Cog 2l
Reach radio freay - Mot

@ (CReset ) ( Paste

52 Test Value: 0

(Cancel )

Options...

oK

Z

Figure 267. Select the variable upon which the test will be executed.

4. Click on the arrow in the middle of the screen to select it as a test variable (Figure

268).
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Test Variable(s):
& Calculate landing speed - Cog [CalculatelandingspeedCog] %, Check current speed - Cog [CheckcurrentspeedCog]

& Call for speed change - Cog [CallforspeedchangeCog)
& Check current speed - Vis [CheckcurrentspeedVis]
& Reach speed dial - Vis [ReachspeeddialVis]
& Reach speed dial - Cog [ReachspeeddialCog)
& Reach speed dial - Mot [ReachspeeddialMot]
& Set target speed - Vis [SettargetspeedVis]
& Set target speed - Cog [SettargetspeedCog]
& Set target speed - Mot [SettargetspeedMot]
& Reach for flaps - Vis [ReachforflapsVis]
& Reach for flaps - Cog [ReachforflapsCog]
& Reach for flaps - Mot [ReachforflapsMot]
& Set flaps - Vis [SetflapsVis]
& Set Flaps - Cog [SetFlapsCog]
& Set flaps - Mot [SetflapsMot]
Flaps - Cog oq]
& Acknowledge Speed Change - Cog [AcknowledgeSpeedChangeCog]
& Command flaps or gear setting - Cog [CommandflapsorgearsettingCog]
& Reach for Gear - Vis [ReachforGearVis)
& Reach for Gear - Cog [ReachforGearCog)
& Reach for Gear - Mot [ReachforGearMot]
& Set Gear - Vis [SetGearVis]
& Set Gear - Cog [SetGearCog]
& Set Gear - Mot [SetGearMot]
& reach radio frequency control - Vis [reachradiofrequencycontrolVis]
& Reach radio frequency control - Cog [ReachradiofrequencycontrolCog)
& Reach radio frequency control - Mot [ReachradiofrequencycontrolMot] |
& Annunciate radio frequency - Cog [AnnunciateradiofrequencyCog] L

® Conce) &0k

Test Value: 0

Figure 268. Select the test variable.
5. Enter Test value (Figure 269).
Calculate landing speed - Cog [CalculatelandingspeedCog] 22:‘::::2::2“ speed - Cog [CheckcurrentspeedCog]

Call for speed change - Cog [CallforspeedchangeCog)

Check current speed - Vis [CheckcurrentspeedVis)

Reach speed dial - Vis [ReachspeeddialVis]

Reach speed dial - Cog [ReachspeeddiaiCog)

Reach speed dial - Mot [ReachspeeddialMot]

Set target speed - Vis [SettargetspeedVis]

Set target speed - Cog [SettargetspeedCog]

Set target speed - Mot [SettargetspeedMot]

Reach for flaps - Vis [ReachforflapsVis]

Reach for flaps - Cog [ReachforflapsCog)

Reach for flaps - Mot [ReachforflapsMot]

Set flaps - Vis [SetflapsVis)

Set Flaps - Cog [SetFlapsCog]

Set flaps - Mot [SetflapsMot]

Acknowledge Flaps - Cog [AcknowledgeFlapsCog]

Acknowledge Speed Change - Cog [AcknowledgeSpeedChangeCog]
Command flaps or gear setting - Cog [CommandflapsorgearsettingCog]
Reach for Gear - Vis [ReachforGearVis]

Reach for Gear - Cog [ReachforGearCog)

Reach for Gear - Mot [ReachforGearMot]

Set Gear - Vis [SetGearVis]

Set Gear - Cog [SetGearCog]

Set Gear - Mot [SetGearMot]

reach radio frequency control - Vis [reachradiofrequencycontrolVis)
Reach radio frequency control - Cog [ReachradiofrequencycontroiCog]
Reach radio frequency control - Mot [¥
Annunciate radio frequency - Cog [AnnunciateradiofrequencyCog) | TestValue: [43 |

@ oD
Figure 269. Enter the critical value for T.

(e————————"]
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6. Press Ok to run test and view output (Figure 270).

PR H

800
| SHER HE e~ FFELA 0O &
|« += B0 Bha

v ] Output

FILE='/Users/emahlste/Documents/NASA/MIDAS/MIDAS primitves T test/10-25-10 dataset.sav'.
DATASET NAME DataSetl WINDOW=FRONT.
T-TEST
/TESTVAL=4.3
) /MISSING=ANALYSIS
I /VARIABLES=CheckcurrentspeedCog
Lig One-sample Stat /CRITERIA=CI(.95).
(& One-sample Tes

# T-Test
[Datasetl] /Users/emahlste/Documents/NASA/MIDAS/MIDAS primitves T test/10-25-10 dataset.sav

One-Sample Statistics

Std. Std. Error
N Mean Deviation Mean
Check current speed - 8 2.925 1.6395 .5796
Cog
- One-Sample Test
Test Value = 4.3
95% Confidence Interval of
the Difference
Sig. (2- Mean
t df tailed) Difference Lower Upper
gheck current speed - -2.372 7 .049 -1.3750 -2.746 -.004
09

Figure 270. SPSS t-test output.
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Analysis: Paired Samples T-test

1. Import or type your dataset into SPSS (Figure 271).
806 PASW Statistics 18.0

PASW Statistics N
p [N

What would you like to do?

% e Open an existing data source

More Files... ’@
/Users/emahlste /Desktop/10-25-10 datase
/Users/emahlste/Desktop /updated t test m: Y
/Users/emahlste /Desktop /T test data pool.s; 3

o et 10, SREE
" b
% (O Open another type of file

More Files...

/Users/emahlste/Desktop/updated t-test resul
/Users/emahlste /Documents/NASA/MIDAS/MID.
/Users/emahlste /Desktop /Midas Primitive vs Pi

e <ol
] Don't show this dialog in the future
Figure 271. Import data into SPSS.

O Run the tutorial

O

O Type in data

K
| 6]

(
[

O Run an existing query

() Create new query
using Database Wizard

2. From the analyze drop down menu, select compare means > paired samples T Test

(Figure 272)
istics 18 File Edit View Data Transform mm Graphs Utilities Add-ons Window Help
Reports | v

[To Manual.doc [Compatibility Mode]

Descriptive Statistics
= RAE q . Tables
Compare Means

General Linear Model
TimesNew.. [© 12 B0 B4 U = 1 Generalized Linear Models

Mixed Models
ELTL’

] Means...
One-Sample T Test... t
Independent-Samples T Test...

it Paired-Samples T Test...

2rint ; Undo Redo : Format : Tables Columns : Show : Navig

Correlate

Regression

Loglinear

Classify

Dii ion Reduction

— . Scale
-* Nonparametric Tests

1

Forecasting

2 )

Survival

al Multiple Response

4 Missing Value Analysis...
5 Multiple Imputation

6 "~ Quality Control >
7

8

9

vvvvvvvvvvvvvpdvvy

v

- EROC Curve...
———

10

Figure 272. Comparing means using SPSS Paired-Samples T-Test.

3. Select a pair of variables from the left column by clicking on them and then press the

right arrow to queue them for the test (Figure 273).
8006 Paired-Samples T Test

Paired Variables:

#" VAR00001 Pair  Variablel Variable2 _ Options...
#" VAR00002 1 |

& VAR00003

()

@ Crase o

Figure 273. Selecting the pairs for the paired samples t-test.
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4. If doing all Pairwise comparisons, include them all in the paired variables sub-window
and press ok. The window can be made larger in order to see the names of the variables
more clearly (Figure 274).

[YeNe) Paired-Samples T Test
Paired Variables: —
& VAR00001 Pair Variablel Variable2 L Options=wg
& VAR00002 1 & [VAR00001] & [VAR00002]
& VAR00003 2 & [VAR00002] & [VAR0D0003]
" [VAR00001] " [VAR00003]
4
€ ¥
L ad
[T— —— [ —
@ ( Reset ) (_ Paste ) (_ Cancel ) @
4

Figure 274. Increase window size to make variable names more visible.

5. An example of the paired sample t-test can be found in Figure 275.

®00 Output] [Document1] - PASW Statistics Viewer
SHER P B c HELS 20 & PR B =
=) ¢ ~ ( & BB E
|SHER M v ~ | 20 E PR «» += B8 =!
v & output T-TEST PAIRS=VAR00001 VAR00002 VAR00001 WITH VAR00002 VAR00003 VAR00003 (PAIRED)
BLog JCRITERIA=CI(.9500)
v @ T-Test /MISSING=ANALYSIS.
@ Title
@ Notes
[P Acive Daaser || ¥ T-Test
L Paired Samples ¢
L Paired Samples ( (Dataset0]
(i Paired Samples 1
Paired Samples Statistics
Sid_Error
Mean N Deviation Miean
Pair 1 VAR00001 | 15.6667 6 25.17671 10.27835
VAR00002 | 18.1667 6| 2079824 8.49084
Pair2  VAR00002 [ 18.1667 6| 2079824 8.49084
VAR00003 | 20.1667 6| 22.85007 9.32887
Pair 3 VARO0001 | 15.6667 6 25.17671 10.27835
VAR00003 | 20.1667 6 22.85097 9.32887
Paired Samples Correlations
N Correlation Sig.
Pair 1 VAROO0OI & G 252 631
VAR00002
Pair2  VAR00002 & 6 -.491 322
VAR00003
Pair 3 VARO0001 & 6 -.367 474
VAR00003
Paired Samples Test
Paired Differences
95% Confidence Interval of
the Difference
S, Error Sig. (2
Mean Deviation Mean Lower Upper t df tailed)
Pair 1 VAR00001 - ~-2.50000 36.46779 14.88791 ~40.77060 35.77060 -.168 H 873
VAR00002
Pair2  VAR00002 - -2.00000 37.70411 15.39264 -41.56804 37.56804 -.130 H 902
VAR00003
Pair3  VAROOOOI - -4.50000 | 3972782 | 1621882 | -46.19179 | 37.19179 | -277 s 793
VAR00003

Figure 275. Example of paired sample SPSS t-test output.
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Analysis: Repeated Measures ANOVA
1. Import your dataset into SPSS (Figure 276)
8,006

PASW Statistics 18.0

PASW Statistics

What would you like to do?

% 0 Open an existing data source

More Files... m
/Users/emahlste /Desktop/10-25-10 datase
/Users/emabhlste /Desktop/updated t test m
JUsers/emahlste/Desktop /T test data pool.%‘

[ MK
v ol |
% (O Open another type of file

More Files..

O Run the tutorial

O Type in data

O Run an existing query

() Create new query

/Users/emahlste/Desktop/updated t-test resul = -
p/up using Database Wizard

/Users/emahlste /Documents/NASA/MIDAS/MID.
/Users/emahlste /Desktop/Midas Primitive vs Pi

[ <>l
] Don't show this dialog in the future Cancel
Figure 276. Import data into SPSS.

EgOF

2. From the Analyze drop down menu, select General Linear Model > Repeated

Measures (Figure 277).

File Edit View Data Transform mm Graphs Utilities Add-ons Window Help a
Reports > = -
Descriptive Statistics » [To Manual.doc [Compatibility Mode]
SRy I Tables »
Redo  Format  Tables Columns - Show | Navigig_COmpare Means L
- General Linear Model - [ Univariate... B
Jh2]"] B I U Generalized Linear Models > [] Multivari |
®no Mixed Models i@ ™ Repeated Measures... ditor.
i = Correlate > &l
I H SEHE Regression » Variance Components... .%@ ‘ L
— Loglinear > e
1 Classify »
| Dimension Reduction >
VARDDDO1 | VAR  Scale » RO0006 | vAR00007 var var var
1 6.00 Nonparametric Tests » 2.00 34.00|
5 700, | Forecasting > a0 500
oo Survival > 500 300
: " Multiple Response > :
4 4000 [l Missing Value Analysis... | 6 200
s 4.00 Multiple Imputation » 4400 1.00|
—— 67.00 Quality Control [T 400
= @ ROC Curve... -
! S —————
8
10

Figure 277. View of the steps to run a generalized linear model with repeated measures.
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3. Type in the name of the first within subjects factor, enter the number of levels and add

the factor (Figure 278)
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Within-Subject Factor Name:

[factor1| ]

Number of Levels:

( Add )

 Change
REETE

Remove
eemllees

Measure Name:

~ Add

~—

4 Change 3

Remove
~—

@ (Reset ) (cCancel ) ( Define )

A

Within-Subject Factor Name:

| J

Number of Levels:

—— factor1(2)

€ Change 3
— 9"

Remove
~—

Measure Name:

~ Add )
el

(" Change )
QEE

Remove
~—

@ ( Reset ) (Cancel) (—Deﬁne-)

A

Figure 278. Define the repeated measures anova within-subjects factors.

5. Click define, select the variables to be included in the ANOVA, click on the right
arrow and then the blue ok button at the bottom left of the window (Figure 279)

Within-Subjects Variables

( Model...

& VAR00003 SO ONE )]
& VAR00004 ( Plots...
& VAR0D0005 -
# vasoooos ) Crostioc.
( Options...
Between-Subjects Factor(s):
>
Covariates:
3
® Crasie oK

Within-Subjects Variables

& VAR00003 (factorl):
& VAR00004 VAR00001(1)
& VAR0D0005 RIS AN /r000022)
& VAR00006
& VAR00007 o
(¢)
Between-Subjects Factor(s):
hud
Covariates:
-»

@ (Reser ) (CPaste )

Contrasts...

Cane) o) |
4

Figure 279. Defining the repeated measures anova.

6. The results will appear as illustrated in Figure 280.
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Output2 |D« 2] - PASW Statistics Viewer

Ve~ EBLE 0O & PR H (¢ +-

GLM VAR00001 VAR00002
/WSFACTOR=factorl 2 Polynomial
/METHOD=SSTYPE(3)
/CRITERIA=ALPHA(.05)

/WSDESIGI

= General
[Dataset0]
Within-Subjects
Factors

Measure:MEASURE_1

factorl Dependent
Variable
1 VAR00001
2 VAR00002
Multivariate Tests®
Effect Hypothesis
Value F df Error df | Sig.
factorl  Pillai's Trace 006 L0287 1.000 | 5.000 873
Wilks' Lambda .994 .028* 1.000 | 5.000 873
Hotelling's Trace 006 .0282 1.000 | 5.000 873
Roy's Largest Root .006 0282 1.000 | 5.000 873

a. Exact statistic

b. Design: Intercept
Within Subjects Design: factor1

Mauchly's Test of Sphericity?
Measure:MEASURE_1

Within Subjects Effect Epsilon®
Approx. Chi- Greenhouse- | |
Mauchly's W Square df Sig. Geisser Huynh-Feldt_| Lower-bound
factorl 1.000 .000 o . 1.000 | 1.000 | 1.000
Tests the null hypothesis that the error fance matrix of the Variables is

proportional to an identity matrix.

a. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in
the Tests of Within-Subjects Effects table.

b. Design: Intercept
Within Subjects Design: factor1

Tests of Within-Subjects Effects
Measure:MEASURE_1

Figure 280. SPSS Output of repeated measures anova.
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Trouble Shooting Your Model

e Nothing happens in when I press the start chevron
o Once you press the start chevron in MIDAS, a communication port is
opened at which point microsaint sharp launches a window entitled sharp
talk host. This process takes about 10-15s. Once sharp talk host launches,
you will need to connect both the environment (microsaint sharp) and
MIDAS together so that the pieces of software can communicate with
each other. To do this, click on the sharp talk pull down menu in micro
saint sharp (the environment) and select connect. Do the same on the
MIDAS side. You will see that the connection is made successfully in the
sharp talk window.
o The MIDAS start is accessed through the sharp talk window
e None of the operator activities other than auditory monitor begin.
o Check to see if you gave the operator a beginning procedure.
e Jack™ does not start
o Start the Jack™ License server
o Double click the Imtools icon
o Click on the Start/Stop/Reread tab
o Click the Start Server button
e Nothing at all happens in Jack™
o Make sure the animation flag in the simulation settings is set to true.
o Make sure the Cport in Jack has been activated.

Customer Support
Contact Brian Gore at NASA Ames Research Center.

Brian Gore
(650) 604-2542
Brian dot F dot Gore at nasa.gov
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