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FOREWORD

The development of new and existing weapon systems will have an impact
on the Army‘’s manpower, personnel, and training requirements. Changes in the
technology or manpower used in a system can have considerable impact on the
workload of the operator(s). Because high operator workload can decrease
system effectiveness, operator workload must be considered throughout the
system design process.

Models have been developed to predict the operator workload in Army
helicopters. The method used for creating these models is called the Task
Analysis/Workload (TAWL) methodology. The TAWL Operator Simulation System
(TOSS) has been developed to provide computer support for the methodology.
The TAWL methodology is useful for assessing the effect of equipment design
changes, mission changes, or manning changes on the workload of the system
operator(s). It has been applied both to existing systems and in advance of
system design.

This research product is a user’s guide for the TAWL methodology and
Version 4.0 of the TOSS software. The guide consists of two parta. Part I
presents a global overview of the TAWL methodology, and Part II presents step-
by-atep instructions on the use of Version 4.0 of the TOSS software. The
production of the TAWL User'’'s Guide comes in response to increasing interest
in the methodology’s application to a broad range of Army systems. This
interest emanates from industry, as well as from the Army.

This work was conducted at the U.S. Army Aviation R&D Activity, Fort
Rucker, Alabama, under research task 1210, entitled "Reducing Operator and
Maintainer Requirements in Next Generation Army." The Aviation Systems
command (AVSCOM), St. Loulis, Missouri, sponsored the research under a memo-
randum of understanding entitled "Establishment cf Technical Coordination
between the U.S. Army Research Institute ror the Behavioral and Social
Sciences and AVSCOM," dated 10 April 198S.

Iin October 1990, the TAWL methodology and a demonstration of the TOSS
software were presented at the 34th annual meeting of the Human Factors
Society in Orlando, Florida. In addition, the user’s guide and software have
been provided to representatjives of the Sikorsky Aircraft Company, Stratford,
Connecticut; McDonnell Douglas Helicopter Company, Mesa, Arizona; Midwest
Systems Research, Dayton, Ohio; Mitre Corporation, McLean, Virginia; and AT&T,
Somerset, New Jersey.

EDGAR M. JOHW

Technical Director
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Introduction

This Task Analysis/Workload (TAWL) User's Guide contains a description of the
methodology and instructions for generating a workload prediction model using
Version 4.0 of the TAWL Operator Simulation System (TOSS). A TAWL workload
prediction model is an analytical tool that generates detailed predictions of workload
for up to four operators of an item of equipment (referred to as the system). The
predictions are detailed with respect to time and type of task demands (e.q., visual,
cognitive) placed on the operators of the system. The detail generated in the predic-
tions is accomplished by developing and inputting a description of each operator's use
of the system. The intended users, purpose of the user's quide, and overview of the
guide is described in the following sections.

Intended Users

The TAWL methodology and the TOSS software are useful for the analysis of
workload in situations where other measures .f operator workload are impractical.
Some examples of systems where direct measurement of operator workioad are
impractical include: systems that are under development, systems that are extremely
dangerous or expensive to operate, systems that have a large number of different
configurations, systems that have a large number of different uses, and systems where
direct or indirect observation of the operators is not possible.

A TAWL workload prediction mode! can be used to evaluate or compare
different systems during system acquisition. The methodology generates workload
predictions with sufficient detail to be diagnostic of workload problems. For example,
the TAWL methodology might predict that proposed changes to a system would result
in higher visual workioad. Whereas, if the workload is characterized by a single
metric, the only conclusion that can be drawn is that the operator's workload has
increased; however, the source of the increase (e.g., cognitive, auditory, visual) would
remain unknown. The level of detail produced as a result of a TAWL analysis is diffi-
cult to approximate using other forms of workload measurement or analysis.

The methodology requires the identification of all aspects of the man-machine
interface and produces a timeline of system use, annotated with the tasks performed
by each operator. This information can be used by training system developers to
design devices necessary to train selected system functions or tasks. It can be used to
determine the amount of time that each subsystem in the system is used by the opera-
tor(s). It can also be used to manage the use of limited processing or storage in a
computer system. For example, computer instructions and data necessary to perform
certain functions might be loaded and available only when the user is expected to
activate those functions. Thus, computer processing power and storage could be
saved because all functions would not be availabie at all times.

The TAWL analysis of a system can be accomplished by a single analyst. A
depth of knowledge of the operation of the system is the most valuable asset for the
analyst. No formal training in the measurement or analysis of workload or in computer
operations is assumed or required, although either would be valuable. The duration of




the project that analyzes a reasonably complex system will probably be measured in
months rather than in days.

P the User's Guid

As noted, the goal of the user's guide is to instruct the user on ali steps neces-
sary to produce an operational workload prediction model. This requires that the user
be instructed on how to perform a TAWL analysis on the system of interest and how to
use the data obtained during the TAWL analysis to implement the model using the
TOSS software. Until the release of the user's guide fer Version 3.0 of the software
(Bierbaum, Fulford, & Hamilton, 1990), little documentation existed describing the
methodology divorced from its applications. The literature describing the application
of the TAWL method did so with emphasis on the system being analyzed. This user's
guide should be the only document necessary to use the TAWL methodology and
Version 4.0 of the TOSS software; however, the reports listed below provide excellent
examples of the application of TAWL.

Overview of the User's Guid

Research has demonstrated that the most effective documentation of computer
software includes a global overview and detailed, step-by-step instructions (Holt,
Boehm-Davis, & Schultz, 1989). Accordingly, Part | of the user's guide presents a
global overview of the TAWL methodology and Part Il presents step-by-step instruc-
tions on the use of Version 4.0 of the TOSS software. Part | fully describes the require-
ments and output of the methodology and should be read thoroughly prior to the
initiation of the use of the TAWL methodology. The research tasks described in Part |
require the majority of the project time.

The Overview and System Requirements sections at the beginning of Part Il and
the headings in all other sections of Part Il should be read prior to project initiation.
This will familiarize the user with the overall structure and function of the TOSS soft-
ware. The step-by-step instructions should be referred to only when performing the
tasks they describe.

Background

Anacapa Sciences, Inc., under contract to the U.S. Army Research Institute for
the Behavioral and Social Sciences, has developed a methodology for predicting
operator workload using the information produced from a task analysis of the system.
The methodclogy originally was developed during the concept exploration and defi-
nition phase of the system development process for the Army’'s Light Helicopter Family
(LHX) aircraft (Aldrich, Craddock, & McCracken, 1984; McCracken & Aldrich, 1984).
Analyses were conducted to compare the operator workload of one- and two-
crewmember configurations of the LHX. Subsequently, the methodology was refined
for use in predicting the effect on operator workload of prespective modifications to
existing Army helicopters. The refined methodology has been used to predict the




crewmember workload for existing and modified versions of the AH-64 aircraft (Szabo
& Bierbaum, 1986), UH-60A aircraft (Bierbaum, Szabo, & Aldrich, 1989; Bierbaum &
Hamilton, 1990a), and CH-47D aircraft (Bierbaum & Aldrich, 1990; Bierbaum &
Hamilton, 1990b). The refined version of the methodology is called the Task Analysis/
Workload methodology. In addition, computer support for the methodology has been
developed and named the TAWL Operator Simulation System (TOSS). An earlier
version of the software is described in Bierbaum, Fulford, and Hamilton (1990). Initial
validation of the TAWL methodology is described in a report by lavecchia, Linton,
Bittner, and Byers (1989). For a brief description of the methodology and software, see
Hamilton and Bierbaum (1990) and Fulford, Hamilton, and Bierbaum (1990).

Overview

A TAWL workload prediction
model is developed in the three
stages portrayed in igure 1. [n the
first stage, the anaiyst performs a task/ Task/Workload
workload analysis on the system. A Analysis
prototype mission for the system is ]
identified and then is decomposed
progressively into phases, segments, l
functions, and tasks. The analysis
yields a description of the duration .
and sequence of each task and Model Construction
identilies the crewmember and sub- _
system associated with each task. l

The workload analysis is based on a
multiple resources theory of human
attention and yields independent
estimates of the cognitive, psycho-
motor, and sensory components of
workload (hereafter referred to as
workload components) for each task. Figure 1. The three stages of a TAWL analysis.
The theory differs trom other muitiple
resource theories of attention in the nature and number of components identified. See
Wickens (1984) for a review of other multiple resource theories of attention and their
relation to workload.

Mode! Simulation

The methodology treats each of the components independently for two reasons.
First, although interactions between workload components probably occur, adequate
definitions of the nature of the interactions do not exist. However, the developer may
wish to test different models of the interactions with further processing of output from
the TAWL methodology. Second, information that results from analyzing workload
components individually is useful for determining appropriate ways to reduce or redis-
tribute workload amore the crewmembers, subsystems, or components. For example,
a design engineer culd decide whether additional information should be presented
visually or aurally bv deiermining which component had the least amount of workload.




The workload analysis is based upon subjective estimates of operator workload
rather than astimates derived through experimentation. Analysts and subject matter
expernts (SMEs) generate workload estimates by using equal-interval, verbally an-
chored rating scales; the scale values range from 1.0 to 7.0. This approach avoids the
expense in time, money, and manpower expected to derive empirical measures of
workload.

in the second stage of the TAWL methodology, the analyst develops a model ot
each crewmember's actions and interactions by analyzing the sequence of tasks and
functions during each segment of the mission. Function decision rules are developed
that describe the sequencing of tasks in functions; segment decision rules are devel-
oped that describe the sequencing of functions in segments. It is ass'imed that the
segments can be combined to model the mission phaces and the entire mission.

In the third and final stage of the TAWL methodology, the crewmembers' actions
are simulated during the operation of the system. The TAWL Operator Simulation
System (TOSS) computer software performs the simulation and produces estimates of
each crewmember's cognitive, psychomotor, and sensory workload for each half-
second of the mission. The estimates of component workload are generated by sum-
ming the workioad for that component across all tasks that the crewmember performs
during each half-second of the mission. An overioad threshold is used during execu-
tion to produce estimates of the amount of time during the mission that each crew-
member is in an overload condition.

Using the TAWL prediction methodology, an analyst can develop a model of a
system and use the model's output to determine:

* the absolute and relative w....0ad of the crewmember at half-second time
intervals,

+ the time during which crewmembers experience high workload, and
+ the components for which crewmembers experience high workload.

The information yielded by the TAWL methodology may enable system
designers to reduce workload or to redistribute workload over time, crewmembers, or
components. Designers also may use the information to identify design alternatives
that result in lower workload.

In addition to the utility described above, models generated using the method-
ology produce mission timelines and task listings at half-second intervals that can be
used to develop the systems’ manning and training requirements.

The methodology is especially useful in the analysis of systems that require the
concurrent or random execution of tasks. The predictions for concurrent task perfor-
mance are obtained by summing workload estimates for each c¢f the tasks being
performed. Little insight will be gained in the analysis of systems whose operations
are characierized simply by sequential task performance.

The methodology's multidimensional view of human capabilities allows the
design engineer to identify modifications that shift operator workload from one




component to another. For example, technology designed to reduce an operator's
need to maintain physical control of system functions often increases the operator's
role as a monitor. Thus, advanced technology may decrease operators’ psychomotor
workload and increase their cognitive workload. Given the limited capacity of human
cognitive ability, system designers must avoid shifting all the workload associated with
system operations into the cognitive component (or any other single componant, for
that matter). Thus, this methodology, with its second-by-second estimate of operator
workload, allows the design engineer to more readily utilize all of the operators’
capabilities and, in turn, to increase system effectiveness.

The three stages of the TAWL methodology are discussed in more detail in the
following sections. Examples are taken from an aviation context, but the methodology
can be applied to other systems.

Task/Workload Analysis

The first stage of the TAWL methodology consists of two steps. To simulate the
man-machine interface, the system's operation must be characterized. Thus, the first
step is a top-down analysis of the system to decompose the system operation into
operator tasks. A schematic representation of the task analysis is provided on the left
side of Figure 2.

The second step is a workload ©

[}
analysis Although the task analysis i TASK/WORKLOAD ANALYSIS 1 MODEL CONSTRUCTION t
identifies the tasks required to operate ' ! !
a system, it does not provide sufficient ! ! '
information to predict the workload ! MISSION ' '
that the crewmembers experience. To ! ! '
assess the workioad imposed by a ! i ! !
system, some characterization musi ! ! '
be made of the attentional demands ! PHASES ' |
that the tasks place on the operators. ! ! '
The sections that follow describe the : * ' '
A |
Laest:/ilworkload analysis in greater ! SEGMENTS ! SE@,";,EQJ :
. ' . RULES |
( ‘ | 1
Task Analysi ' ' FUNCTION '
' FUNCTIONS ( D%%IféosN '
The task analysis is a top-down ! { ! !
decomposition of the overall opera- ! ! T !
tion of the system. The steps of the ! TASKS ! !
task analysis are listed below and ! ! ] !
! ] |

discussed in the pages that follow:

+ develop a composite mission
scenario,

+ divide the composite mission
scenario into phases,

- e w W e w e ' e e e e @ e > o W

Flgure 2. Task/workload analysis and mode!
construction stages.




* identify the segments in each phase,
* identify the functions in each segment, and
« identify the tasks in each function.

At the highest level of analysis, aach operation of the system, termed a mission,
is designed to accomplish an objective. For example, an attack helicopter mission
may consist of seeking out and destroying a group of enemy tanks. Because there are
several ways to accomplish a mission, a composite mission can be developed from
several unique mission profiles (e.g., different routes, different targets). The composite
mission is a combination of the unique operations present in the various mission
profiles.

After the mission is identified, the top-down analysis continues by dividing the
mission into temporally discrete, uninterruptible, and nonrapeating divisions called
phases. A phase is a required, logical part of a mission that may be accomplished in
several ways. Phases must be sequential to other phases (i.e., they do not occur
concurrently) and must be contiguous. Ali portions of the mission are encompassed
under one of the mission phases and every phase must be performed to accomplish
the mission. Thus, the mission is composed of a sequence of phases placed end to
end. Mission phases identified for the attack helicopter include: preflight, departure,
en route, target servicing, rearming, return, and postflight.

The mission phases are then divided into temporally discrete, uninterruptible
pans called segments. A segment represents a particular method of accomplishing a
part of a phase. Segments must be sequential to other segments and must be con-
tiguous. Several segments may represent a variety of methods used to complete a
portion of the phase; thus, every segment within the phase may rot be needed to
complete the phase. Segments may also be repeated in other phases. For example,
the en route phase of the attack helicopter mission contains four segments: contour
flight, nap-of-the-earth flight, approach, and landing. Thus, two versions of the en
route phase are accomplished by sequeniially performing three of the segments:
contour flight, approach, «nd landing; or nap-of-the-earth flight, approach, and landing.
Approach and landing are examples of segrents that might also be found in other
mission phases.

The next step is to identify all the interruptible parts of the segments, which are
called functions. A function is defined as the collection of a crewrnember's actions that
are necessary to carry out a single logical activity. The same functions may be per-
formed in different segments. Functions can be concurrent with or sequential to other
functions in the segment. Examples of functions are: change battle position, hover
masked, check instrument pane!, and fire weapon. For each function identified during
mission decomposition, a Function Analysis Worksheet is ceveloped to organize the
information gained from the analysis of the function. Table 1 presents an example of a
Function Analysis Worksheet taken from the mission of the AH-64 helicopter. For ease
of reproduction, blank copies of all the worksheets used in the methodology are pre-
sented in Appendix A, including a blank Function Analysis Worksheet.
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The lowest leve! of mission decomposition is the task. Tasks are defined as the
uninterruptible crew activities that are required for the successful completion of the
function. Tasks can be concurrent with or sequential to other tasks in the function.
Each task identified in a particular function is listed on the Function Analysis Work-
sheet for that function. Tasks are described by verbs and objects and are listed in the
first two columns of the worksheet (see Table 1). The verb describes the crew-
member’s action and the object describes the recipient of the action. Examples of
verbs includa check, set, position, monitor, and release; examples of objects include
switches, knobs, helmets, and maps.

For each unique task, three types of data must be determined. First, each
crewmember who performs the task is identified in the analysis. A single letter (e.g.,
Rilot [P), Gunner [G), or Both [B]) in column 3 on the Function Analysis Worksheets
indicates the crewmember(s) performing the task. Second, the subsystem equipment
associated with the performance of each task is identified. For example, the task “Pull
Laser Trigger” is associated with the Laser subsystem and the task “Set Park Brake" is
associated with the Brakes subsystem. The subsystems associated with each task are
logged on the Function Analysis Worksheet in column 4.

Finally, the time necessary to complete each task is estimated in two steps;
each task is first categorized as discrete or continuous and then the duration is deter-
mined. Discrete tasks are defined as tasks whose magnitude or intensity of perfor-
mance does not determine the magnitude of the resulting system change. Discrete
tasks occur in open-loop control systems. For a complete review of the definition of
open-loop and closed-loop control systems, see Wickens (1984). Activating switches
and checking gauges are examples of discrete tasks. No matter how a switch is set
(hard, fast, slow, soft), the system'’s response is the same. Estimates of the duration of
discrete tasks are obtained from direct observation during system operation or simu-
lation, or from SME interviews. The task duration is logged on the Function Analysis
Worksheet in column 9 (columns 5-8 are reserved for the workload estimates).

Continuous tasks are tasks whose magnitude or intensity of performance
determines the magnitude of the resulting system response. The resulting state of the
system, in turn, determines tre continuing magnitude or intensity of the operator's
performance of the task. Continuous tasks, therefore, occur in closed-leop control
systems. The task cf controiling the pitch during contour flight in a helicopter is an
example of a continuous task. The pertinent aspect of the system that changes when
the pilot pushes forward cn the ¢yclic (stick) is that the aircraft dives toward the ground.
If the pilot pushas forward rapidly on the cyclic (high intensity or magnitude), the air-
craft dives rapidly (system change). Often mission requirements determine continuous
task durations. During a mission, the distance that the pilot is required to fly deter-
mines the duration of the task of controlling the aircraft's pitch. Continuous tasks are
indicated on the Function Analysis Worksheets either by placing the letter “c” or the
mission-determined duration in column 10.

Identification of the mission, phases, segments, tasks, crewmembers, subsys-
tems, and durations completes the task analysis. The task analysis is performed with
support from a number of sources. Task and duration information for existing systems
can be obtained from observation of the operation of the system or a system




simulation. SMEs, such as operators of existing systems or development engineers of
emerging systems, can provide the information necessary to perform the task analysis
for systems under development. In addition, useful information may be obtained from
checklists, specifications, training and tactics manuals, and other documents that
describe the proposed or actual use of the systam.

The TOSS software supports the task analysis by providing data base manage-
ment of the information produced during the decomposition of the mission. TOSS
maintains lists of segment names, function names, task names, crewmember names,
and subsystem names, as well as a list of the subsystems associated with each task.
The subsystems are categorized into major subsystem groups. Thus, the Laser sub-
system is in the armament subsystem group, along with the fire control computer, gun
control, rocket control, and missile control subsystems. The task analysis data can be
created, updated, and printed using the TOSS software.

Workload Analysis

Knowing what tasks are necessary to operate a system does not provide suffi-
cient information to predict the workload that the crewmembers experience while
operating the system. To assess the workioad imposed by a system, some character-
ization must also be made of the workload that the tasks place on the operators. The
steps of the workload analysis are discussed below:

« determine the workload components pertinent to the application,
« develop or adopt workload component rating scales,
* write descriptions of the demands placed on the operators by tha tasks, and

« compare the descriptions of the task demands with the workload rating scales
to produce estimates for each workload component for each task.

Workload, as the term is used in this research, is defined as the total attentional
demand placed on the operators as they perform the mission tasks. Consistent with
Wickens' theory of human information processing, human attention is viewed as a
multidimensional construct of limited availability (Wickens, 1984). This research
methodology recognizes different components of attention (e.g., cognitive, psycho-
motor, and sensory). Thus, workload is the demand on each of these components
imposed by all the tasks an operator is currently performing. The methodology further
assumes that each of these components is a limited resource that, when expended,
will result in degraded task performance or task shedding. The TOSS software can
model up to six workload components. The exact decomposition of the components of
workload is flexible in the program. For instance, TOSS can be used to mode! a
theory of attention that identifies only two components, such as verbal attention and
spatial attention.

Szabo and Bierbaum (1986) identified five workload components in the analy-
sis of the AH-64 helicopter: cognitive, psychomotor, visual, auditory, and kinesthetic.
The cognitive component referred to the attentional demand of information processing
that the task required. The psychomotor component referred to the attentional demand
required to make coordinated physical responses. The three sensory components
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referred to the attentional demand of the task-relevant visual, auditory, and kinesthetic
processing. Later, Bisrbaum and Aldrich (1990) identified one additional component
that was relevant to the analysis of the UH-60 helicopter. They identified two visual
components: visual-unaided and visual-aided. The visual-aided component was
used to describe the attentional demand of the visual processing using night vision
goggles (NVG).

The workload analysis requires a workload rating scale for each workload
component. The rating scales are used to assign a quantitative value to the amount of
attentional demand in each component for each task. The scales should be compre-
hensive so that the full range of attentional demand is represented. At a minimum, the
scalas should establish a rank order among the levels of attentional demand; if pos-
sible, data should be collected to produce equal-interval scales. Examples of ordinal
and interval cognitive workload rating scales are provided in Table 2. Appendix B
contains & complete set of interval workload scales taken from a report by Bierbaum
and Aldrich (1990). Ordinal scales can be found in a report by Szabo and Bierbaum
(1986).

Table 2

Ordinal and Interval Cognitive Workload Rating Scales

Scale
Value Cognitive Anchcrs

Ordinal

Automatic (Simple Association)

Sign/Signal Recognition

Alternative Selection

Encoding/Decoding, Recall

Evaluation/Judgment (Consider Single Aspect)
Evaluation/Judgment (Consider Several Aspects)
Estimation, Calculation, Conversion

NOUOLEWN =

Iinterval

Automatic (Simple Association)

Alternative Selection

Sign/Signal Recognition

Evaluation/Judgment (Consider Single Aspect)
Encoding/Decoding, Recall

Evaluation/Judgment (Consider Several Aspects)
Estimation, Calculation, Conversion

NOO A W= =
oDWRHAINO
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Workioad rating scales are developed by constructing verba! anchors that
represent different levels of workioad for each of the workload components. In the
case of ordinal scales, the verbal anchors are ordered by the analysts to represent
increasing workload and are assigned a corresponding number from 1 to the number
of verbal anchors (see top of Table 2). Interval scales can be constructed using any
number of psychometric scaling methods such as pair comparison or magnitude
estimation (e.g., Engen, 1971).

Bierbaum and Aldrich (1990) used a pair comparison survey methodology to
develop the set of scales shown in Appendix B. Using this method, UH-60 instructor
pilots were presented with all possible pairs of the verbal anchors. For each pair, they
were required to indicate the verbal anchor with higher workload. These data were
used to weight and order the verbal anchors on an equal-interval scale. Refer to the
bottom of Table 2 for an example of an interval workload rating scale.

The numerical estimatas of workload for the individual tasks are generated
using the rating scales. First, descriptions of the attentional demand of each task are
written for each workioad component. Often the performance of observable tasks
requires several components. For example, consider the task of setting a switch in the
cockpit. First, cognitive attention is required to decide that a new switch position is
nacessary. Next, psychomotor attention is expended to move the switch. Finally,
visual attention may be required to ensure that the switch is placed in the correct
position. Examples of these descriptions can be found in columns 5, 6, and 7 of the
Function Analysis Worksheet shown in Table 1. Second, the verbal descriptions of the
attentional demand are compared with the verbal anchors defining the rating scales.
The purpose of comparing the verbal descriptions with the verbal anchors is to identify
the verbal anchor that best represents the verbal description. The rating scale value
associated with the best verbal anchor is assigned to represent the level of workload
for that particular component of the task. These ratings are placed below the descrip-
tions in columns 5, 6, and 7 of the Function Analysis Worksheet. Although one analyst
may determine the workload rating, it is preferred that at least two analysts discuss the
matches and reach a consensus on the rating for each workioad component of each
task. Subsequently, SMEs can review the consensual ratings.

The methodology allows for further categorization of the workload in each com-
ponent. For example, psychomotor workload can be categorized by the portion of the
body used to perform the task (e.g., left hand, right hand). In a similar manner, visual
workload can be categorized by the location of the visual information being processed
(e.g., internal or external to the cockpit). The TOSS software retains these categorias
as workload component specifiers and allows the analyst to define the specifiers that
conflict with one another (e.g., two tasks that require the use of the left hand). TOSS
uses this information during model execution to indicate that component specifier
conflicts have occurred.

The workload analysis produces information describing the workload imposed
by each of the tasks identified during the task analysis. TOSS provides data base
management of the information gained during the workioad analysis. TOSS maintains
lists of the workload components used in the model and a list of the workload and
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workload component specifiers associated with each component of each task. These
lists can be created, updated, and printed using the software.

Prior to the full simulation of the operators’ actions during the mission, the
information about when the tasks will be performed needs to be developed. The
process that the TAWL methodoiogy uses to specify the scheduling of tasks during
mission simulation is described in the section that follows.

Model Construction

The second stage of the TAWL methodology is the model construction. After the
mission is decomposed to identify the tasks associated with the performance of the
mission and estimates are made of the workload associated with each task, rules are
developed to specify how the tasks are synthesized during the simulation to form func-
tions and segments. Thus, the analyst must describe how the tasks are combined to
form functions and how functions are combined to form segments during the model
construction stage.

Function Decision Rules

Function dacision rules specify the scheduling of tasks within a function. The
function decision rules are developed in a two-step process. First, Function Summary
Worksheets are developed. Second, function decision rules are developed using the
Function Summary Worksheets.

For sach of the unique functions identified during the decomposition process, a
Function Summary Worksheet is developed. An example of a Function Summary
Worksheet is shown in Table 3. The Function Summary Worksheet describes three
types of information. First, the crewmember performing each task is indicated by
placing the task name and number in a column under the appropriate crewmember's
title. Second, the approximate temporal relationships among the tasks are portrayed
by the position of the tasks on the worksheet: tasks piaced higher on the page occur
prior to tasks placed lower on the page; concurrent tasks are placed side by side.
Third, the task category is indicated by placing it into one of the four columns below
each crewmember's title.

For the purposes of the TAWL methodology, tasks are categorized using two
dimensions: Discrete vs Continuous and Fixed vs Random. The Discrete vs Continu-
ous distinction was described previously. The Fixed vs Random dimension relates to
the time at which the task is performed during the mission. Fixed tasks are tasks that
are performed at a predetermined time; that is, the performance of the task is fixed in
relation 10 other tasks performed during the mission. Random tasks are tasks for which
the time of performance is difficult or impossible to determine a priori. The petfor-
mance of these tasks holds no fixed relation to other tasks during the missior:, and the
time at which random tasks are performed may be affected by any number of factors
(e.g., individual differences, current workload).

13




(18p) suid hieeg
uohd %oeyd
(€82) seiqeD
Buipunosg) Wy
(1+9) Buipeo
suodeep), JouuoOp
(€82) seiqeD
Buipunas ey
(18p) suig Aeeg
uoid peyo (859)
16487 eyeIg 185
(ssy)
oxeig ed 1©S
(€£5) youms
13IHMTUVL 85
(19t}
WIS 3AIHO (96€) YOUMS WHY
aNS/1d 1©S HILSV 84D
NOAGNVH a3xy WOOGNYH 03xXH
SNONNILNOD SNONNLLNOD 31349SKA 31349514 SNONNLINOD | SNONNLLNGD 31340510 3134510
HINNND 107d

(Buyunvey) suodeep, peoy 180 NOLLONNS

199ysiopm liewnung uojisung

€ oqey

14




When all four possible combinations of the two task dimensions are combined,
the following definitions are produced:

* Discrete Fixed - A task that is performed at a predetermined time in the
function and whose magnitude of performance does
not determine the magnitude of the resulting system
change (e.g., setting the park brake).

* Discrete Random - A task that is performed at an undetermined time in the
function and whose magnitude of performance does
not determine the magnitude of the resulting system
change (e.g., check flight instruments, check obstacle
clearance).

« Continuous Fixed - A task that is performed at a predetermined time in the
function and whose magnitude of performance deter-
mines the magnitude of the system response; the
resulting state of the system in turn, determines the
magnitude of the subsequent performance of the task
(e.g., perform visual search, track target).

« Continuous Random - A task that is performed at an undetermined time in the
function and whose magnitude of performance deter-
mines the magnitude of the system response; the
resulting state of the system, in turn, determines the
magnitude of the subsequent performance of the task
(e.g., control altitude, control drift, control attitude,
control heading).

The Function Decision Rules Worksheets are developed using the Function
Summary Worksheets. An example of a Function Decision Rules Worksheet is showr
in Table 4. Function Decision Rules Worksheets specify the exact sequence and time
for the performance of the tasks during the function. The decision rules on the work-
sheets specify the start time, duration, and crewmember performing each of the
discrete fixed and continuous fixed tasks. For the discrete random tasks, the decision
rules also specify the start and duration of the period during the function that a task
may occur and the number of times that a task is expected to be performed. TOSS
models the continuous random tasks as a set; the decision rules identify each task in
the set, establish the duration of the tasks, designate the crewmember performing the
tasks, and specify the start and duration of the period during the function that the tasks
occur.

The TOSS software provides data base management of the function decision
rules developed during the construction of the model. It maintains lists of the schedul-
ing information for ali four types of tasks that occur in function decision rules. The lists
can be created, updated, and printed using the software. The Function Decision Rules
Worksheets are then used in the development of the segment decision rules.
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S Decision Rul

After the function decision rules are complsted, the segment decision rules are
developed. Segment decision rules specify the scheduling of functions within a
segment. The segment decision rules are developed in a two-step process. First,
Segment Summary Worksheets are completed. Second, segment decision rules are
developed using the Segment Summary Worksheats.

A Segment Summary Worksheet is developed for each unique segment identi-
fied during the decomposition process. An example Segment Summary Worksheet is
shown in Table 5. The Segment Summary Worksheet describes three types of infor-
mation. First, the crewmember performing each function is indicated by placing the
name of the function in a column under the crewmember's titie. If more than one
crewmember performs tasks in the function, the name of the function is entered for
each crewmember performing tasks in the function. Second, the approximate tempo-
ral relationships among the functions are portrayed by the position of the functions on
the worksheet: functions placed higher on the page occur prior to functions placed
lower on the page; concurrent functions are placed side by side. Third, the function
category is indicated by placing it into one of the three columns below each crew-
member's title. The methodology recognizes the following three categories of
functions:

* Discrete Fixed - A function that is performed at a predetermined time in
the segment and whose start and end points are
defined by its discrete fixed tasks (e.g., mask aircratft,
acquire target).

* Discrete Random - A function that is performed at an undetermined time in
the segment and whose start and end points are
defined by its discrete fixed tasks (e.g., monitor threat,
cockpit communications).

» Continuous Fixed - A function that is performed at a predetermined time in
the segment and whose start and end points are
defined by its continuous fixed tasks. Thus, mission
requirements and conditions determine their start and
end points (e.g., hover unmasked, perform navigation).

The Segment Decision Rules Worksheets are developed using the Segment
Summary Worksheets. An example of a Segment Decision Rules Worksheet is shown
in Table 6. Segment Decision Rules Worksheets specify the exact sequence and time
for the performance of the functions during the segment. The worksheets specify the
start time and duration for each of the discrete fixed and continuous fixed functions.
During the execution of a segment, an operator may halt the performance of one func-
tion, perform another function to completion, then continue to perform the first function
from the point of interruption. This process is referred to as an interrupt. The segment
decision rules identify the functions that interrupt each of the discrete fixed and
continuous fixed functions.
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The Segment Decision Rules Worksheets specify a start and finish time that
define the time window in which each of the discrete random functions occur. This
active period can span the entire segment or only part of it. The workshests also
specify the number of times that each discrete random function is expected to occur
during the active period. For example, the discrete function of checking engine instru-
ments is performed randomly by the pilot approximately once every 180 seconds
during contour flight. In a segment consisting of takeoff (300 seconds), contour flight
(600 seconds), and landing (300 seconds), the active period for the random perfor-
mance would start at 300 seconds and finish at 900 seconds into the segment, and the
number of times that the function would be expected to be performed is 3. During
takeoff and landing, the same function is modeled as a discrete function.

Finally, the Segment Decision Rules Worksheets specify the pairs of functions
that may not be executed concurrently. These functions are referred to as function
clash pairs. If two functions clash, the execution of the second function is delayed until
the first function is finished. For example, a pilot cannot communicate with the copilot
and the tower at the same time. Thus, the functions “perform cockpit communications”
and “perform external communications” are a clash pair. Two functions that clash in
any segment, clash in every segment; therefore, the function clash pairs are specified
only once for the entire model.

The TOSS software provides data base management of the segment decision
rules developed during the construction of the model. Lists of the scheduling infor-
mation for all three types of functions that occur in segment decision rules are main-
tained by the system. It also maintains a list of function clash pairs. The lists can be
created, updated, and printed using the software.

The development of the function and segment decision rules completes the
construction of the model data base. The following section describes the simuiation of
a model developed using the TAWL methodology.

Model Simulation

The third stage in the TAWL methodology is the model simulation. The specifi-
cation of segments, functions, tasks, function decision rules, segment decision rules,
and function clash pairs enables TOSS to simulate the crewmember tasks during each
segment of the mission. The following paragraphs describe the randomization, work-
load summation, and overload computation procedure used in the simulation. The
results of mode! simulation are also discussed.

Bandomization

During model construction, some of the tasks and functions are categorized as
random. During mode! simulation, TOSS can randomize two different aspects of the
random tasks and functions. First, the start times of the tasks and functions can be
generated randomly. Second, the number of times that the tasks and functions are
scheduled to occur can be random. When the number of times that the tasks and
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functions is randomized, the number of times they are performed during simulation
varies. They may not be parformed at ail or they may be performed as many as 1.5
times the expected frequency.

Workload Summation

TOSS estimates the crewmember workload imposed by concurrent tasks by
summing the workload ratings for individual workload components, For example,
during a specific half-second interval, the pilot performs the tasks: Control Attitude,
Check External Scene, and Transmit Communication. The cognitive workload for the
three tasks during that interval is 1.0, 1.0, and 5.3, respectively. Thus, the estimate of
cognitive workload for the pilot during that interval is 7.3.

Version 4.0 of the TOSS software allows further calculation using the compo-
nent workload estimates. The software can produce estimates of workload consisting
of the addition, subtraction, multiplication, division, or exponentiation of any of .he
defined workload components or numerical constants. The ability of the software to
generate general mathematical combinations of the workload components is useful.
For example, using a regression equation, TOSS can be used to predict other work-
load scales (e.g., subjective workload measures) from TAWL component workload
estimates (see Bierbaum & Hamilton, 1990a).

Qverload Threshold

The TAWL methodology defines operator overload as the level of workload at
which operator performance begins to degrade. Using TOSS, any workload level can
be established as an overinad trreshold. In the model developed for the AH-64A
attack helicopter analysis, the ¢.@arload threshold was set at 8, because the verbal
anchor representing the hy, 1est n0: sible workload was assigned a magnitude of 7 on
the workload rating scales. ~ 3:efore, workload that sums to 8 or more is considered
to be an overload. The exac: uvverload threshold has yet to be identified through
experimantation.

The overlioad threshold is used to compute four metrics of overioad for each
execution of the model: component overloads, overload conditions, overload density,
and subsystem overloads. Component overloads are the number of half-second
periods that a workload component exceeds the overload threshold. Overload condi-
tions are the number of variable-length periods when one or more component over-
loads occur. A new overload condition is counted whenever the tasks contributing to a
component overload change. Overload density is the percentage of time that an over-
load condition occurs within a mission segment. Finally, subsystem overioads are the
number of times that a subsystem is associated with a component overload.




Simulation Resul

The segment level of analysis is the highest level directly simulated by TOSS.
The software simulates one segment at a time. The methodoiogy assumss that
phases and missions can be adequately simulated by the sequential analysis of their
constituent segments. The simulation of each segment of a workload prediction model
produces timeline and summary information.

The following timeline information is generated for each crewmember in the
model:

+ a timeline of the segment annotated with the task and function names and the
current time,

» estimates of component workload for each half-second of the segment,
« indication of component overloads,
» indication of the current total of overload conditions,

« indication of the subsystems associated with all the tasks being performed
during each overload condition, and

« indication of periods in which concurrent tasks have conflicting workload
specifiers.

The following summary information is generated for each crewmember in the
model:

 the number of component overloads during the segment,

+ the number of overload conditions and the overload density during the
segment,

* the average, peak, and standard deviation of each workload component
during the segment,

« the subsystem overloads during the segment,
+ the amount of time each subsystem was utilized during the segment,
* the average workload associated with each subsystem by component,

* the subsystem impact (subsystem utilization time muitiplied by average
workload) by workload component,

» the number of times that the discrete random functions occurred during the
segment, and

* the current setting of all model paramsters (e.g., overload threshold,
randomization).

Analysts or SMEs may review the results to determine if the decision rules
produce a realistic simulation of the mission. Often, the original decision rules need to
be revised to generate a more realistic simulation. The development of a workload
prediction model is complete when the modsel produces a reaiistic simulation of all
mission segments.
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Summary

The TAWL methodology produces a model that predicts operator workload for
new or existing systems. The method relies on a comprehensive task analysis of a
system'’s wypical mission to simulate each operator’s acticns. The workload analysis
p'oduces estimates, by component, of the attentional demands of each task.

The methodology uses decision rules to specify the sequence of events in the
raission simulation. During simulation, the workload estimates for the tasks that the
operator is currently performing are summed separately for each component. Thus,
‘he methodology represents each operator's workload for each half-second of the
mission, with a separate value for each of the workioad components. The method-
ology identifies the component overloads, overicad conditions, overload density, and
the subsystems associated with overload.

Step-by-step instructions for using TOSS VERSION 4.0 in support of the TAWL
methodology are provided in the second part of the User's Guide.
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Part li

TAWL Operator Simulation System (TOSS)
Version 4.0




OVERVIEW

The TUSS Version 4.0 software was developed to support the Task Analysis/Workload
(TAWL) methodology. TOSS performs all of the data base management and model
simulation functions needed to use the methodology. The task data and the decision
rules are entered using the data entry routines of the software or are imported from
standard format dBASE .iles. The conditions specified in the decision rules are imple-
mented to build functions from tasks and segments from functions. VWhen provided with
this information, TOSS simulates the behavior of the crewmembers during the segment
and identifies all tasks performed by each crewmember during each half-second of the
segment. Totals are maintained for each workload component to identify the conditions
and density of operator workload for each segment.

TOSS can be used to manage more than one workload prediction model. This allows
for the comparison and analysis of several models at once. A user can create a data

base (enter, update, and print data), simulate, or change models from within the soft-

ware. The program is menu-driven with on-screen directions.

As well as being able to produce reports of the information that has been entered into a
model, TOSS can produce the following five forms of output describing the results of the
simulation of a mission segment:

« Screen Output,

+ Simulation Listing Files,

» Abbreviated Simulation Listing Files,
* Numerical Data Files, and

» Task Listing Files.

The output options are selected from the Model Simulation routine. Each option is
described in that section of this report, starting on page 67.

SYSTEM REQUIREMENTS

To use TOSS Version 4.0, the following hardware is either required or recommended:

+ an IBM compatible computer and a keyboard (required),
» 640 Kb of memory (required),

* a hard disk drive (recommended), and

* a printer (recommended).




INSTALLING TOSS VERSION 4.0

To install TOSS Version 4.0 on your hard drive, perform the following steps:
1. Place the TOSS diskette #1 into a floppy drive.

2. Type "[drive].INSTALL" where [drive] is the single letter name of the drive that
contains the TOSS diskette and press the [ENTER] key (e.g., AIINSTALL).

This command executes the INSTALL.EXE file. To execute tne install pro-
gram on a monochrome system, type “/M” on the same line as the INSTALL
command. The program prompts for the drive containing the TOSS diskette.
Type the letter of the drive and press the [ENTER] key. The program prompts
for the destination drive. Type the letter of the destination drive (preferably a
hard drive) and press the [ENTER] key. The installation procedure can be
aborted at any time by pressing the [ESC] key. Foilow the program instruc-
tions and insert the additional TOSS diskettes when prompted. The program
creates a \TOSS subdirectory on the destination drive and copies all neces-
sary files to that directory. To install TOSS on a subdirectory other than
\TOSS, typs the subdirectory name as a parameter to the INSTALL command
(e.g., A:IINSTALL MODEL).

The program then prompts: CONVERT VERSION 3 MODELS TO VERSION 47 [f
you are a new TOSS user and don't have any models created under version
3.0 of the software, press the [N] key to end the installation procedure. If you
do have TOSS version 3.0 models that you would like to update to run under

, version 4.0, press the [Y] key to execute the conversion program UPDATE.EXE
' and follow the instructions listed in Appendix C to convert the models.

i Installation of TOSS should be required only once.

GETTING STARTED

To use TOSS for the davelopment of a workload prediction model, execute the following
steps:

1. Type the DOS command "CD \TOSS" and press the [ENTER] key.

This command changes the current directory to the TOSS subdirectory. To
avoid issuing this command every time you run TOSS, place the TOSS sub-
directory on the DOS path as specified in the DOS manual.

2. Type "TOSS" at the DOS command line (or “TOSS/m" if you are working on a
monochrome system) and press the [ENTER] key. This command executes
TOSS and presents a brief introductory screen with the display of a helicopter
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(TOSS was originally developed for rotary wing aircraft). The helicopter
display is followed by the Drive Selection window.

r N
TOSS

TAWL Operator Simulation System

Enter (k-i)

\ Beo: €t F1:TOSSHelp = F2: TAWLHelp )

3. Enter the disk drive designation and press the [ENTER] key.

TOSS maintains workload models as sets of data files. Normally the data
files are kept on the same disk drive as the TOSS software, but you may
specify any disk drive (A-Z). The software defaults to the current disk drive. If
the data files are on the current drive, press the [ENTER] key. If the files are
on a different drive, enter the letter for the drive and press the [ENTER] key.

If there are no model data files on the disk, TOSS opens the New Model

window.
4 )
== No models were found for _drivq c e
\Em Exit © FL,F2:Help  F10: Create New Model )
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To create a new model, enter the name of the new mode!l's subdirectory and
press the [ENTER] key. Enter the model name and press the [ENTER] key.
Press the [F10] key to create the new model; press the [ESC] key to abandon
the creation of the new model and return to the Drive Selection window. After
pressing the [F10] key, the Mode! Selection window opens.

4 TOSS Y
TAWL Operator Simulation System

WModet Belection

- Choose Model

Model Directory
QIR o) <

4. Select the desired model using the arrow keys and press the [ENTER] key.

TOSS can work with many different workload models on the same computer
system. The computer files that represent different models are maintained in
separate disk subdirectories. If the model data files are already loaded on the
computer, the model name will appear on the list of models. The subdirectory
that contains the selected model will appear at the bottom of the screen. The
display will scroll, if necessary.

Models can be inserted, deleted, stored, and restored from the Model
Selection window. For instructions in performing any of these procedures,
see the Model Selection section of this report, beginning on page 86.
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GENERAL INTERFACE INSTRUCTIONS

Knowing the principles of the TOSS user interface should prove useful in the manipu-
lation of the software. Prior to proceeding with the full description of the use of the
TOSS software, the general guidelines of the user interface are explained in the
following two paragraphs.

Many of the windows in the software contain user selectable options. When a window is
first displayed, one of the options is highlighted and other options can be designated
using the [ T1, [ 1. [3). [«), [TAB], [SHIFT TAB], [PG UP], orfPG DNkeys. The highlighted
option can be chosen by Fressing the [ENTER] key. For windows containing numbered
menus, the options can also be selected by pressing the corresponding number on the
computer keyboard without moving the highlighted area. All windows in the software
are terminated by pressing the [ESC] key.

There are two forms of context sensitive help available. For help concerning the
operation of the TOSS software, press the [F1] key. For help concerning the TAWL
methodology, press the [F2] key.

DEVELOPING THE MODEL

After a model is selected, the Main Menu is displayed.

( Example Workload Model W
Main Menu =

: Teask/Werkioad Analysls
Model Construction

: Model Simutation
View/Print Output

: Report Generation

: Utllities

: Model Selection

sdFaroN]

\ Eso: Exit 1 T : Move Highlight 1-8, Enter: Sefoct )




Table 7 presents a list of the Main Menu selections and the subordinate windows.

Table 7

Selectionc in Main Menu and Subordinate (Second Leve:) Windows
Main Menu (First Level) Subordinate Windows (Second Level)

1. Model Parameters Model Name

Crew Configuration

Workload Components

Workioad Equation

Subsystem Groups

Random Function and Task Modes

2. Task/Workload Analysis Task Namas
Task Subsystems
Task Workloads

3. Model Construction Function Decision Rules
Segment Decision Rules
Function Clash Pairs

4. Madel Simulation Model Output Options/Segment Selection
5. View/Print Output Select, View, Print, Search Files
6. Report Generation Report Menu
7. Utilities import/Export Data Files
Workload Conversion
Customize Colors
8. Model Selection Drive Selection/Model Selection

Insent, Delete, Backup, Restore a Model

There are thrae levels of windows in the TOSS software. The use of all three window
levels is described in the following sections of the use.’s guide. The description of each
window is formatted differently to indicate its level. Figure 3 displays the different
formats for the three levels.




| 1 I MAIN MENU OPTIONS

The text that describes the Main Menu Options in the first level window has the widest
margins and is in full block format.

<>

SECOND LEVEL WINDOWS

The text that describes the second level windows has narrower margins.

THIRD LEVEL WINDOWS

The text that describes the third level windows has the narrowest
margins.

Figure 3. Text format for the descriptions of the three levels of windows in TOSS.

The first level window contains the Main Menu. The main menu options are described
in the following major sections, each beginning with a rectangular shaped symbol and
starting on a new page. The second level windows are indicated within the first level by
sections beginning with a diamond shaped symbol. The third level windows are
indicated within the second level by sections beginning with an oval shaped syrnbol.
For options appearing in numbered menus, the number of the corresponding computer
key appears inside the symbol.
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III MoDEL PARAMETERS

TOSS uses a number of parameters to define the basic characteristics of a workload
prediction model. Those parameters are entered or modified in TOSS using the Model
Parameters window.

Press the [1] key on the Main Menu to open the Model Parameters window.

_ OW - Overall Workioad X
Subsysiem Groups

Random Function and Task Modes

Start Times: Random Number of Ooccurences: Random
\_————-———————‘J

The Model Parameters window has six different areas or blocks:

Model Name,

Crew Configuration,

Workload Components,

Workload Equation,

Subsystem Groups, and

Random Function and Task Modes.

These blocks are fully described in individual sections beginning on the next page.




MODEL NAME

The Model Name block is highlighted where the present name for the model is
displayed. To change the name of the model, press the [ENTER] key.

""" Bikised EiedicHan Sa8st
Enter new model nama

‘ . Workioad kquaton
OW - Overall Workload - 0.00

Subsystem Groups

ettt S——————————————— e
Random Function and Task Modes

Start Times: Random Number of Occurrences: Random
=~/

The Model Name window opens to allow a new model name to be entered. Enter
the new name and press the [ESC] key to save the changes or press the [ESC]
key to leave the model name unchanged.

The Model Name is used to identify the model during model sslection and should
be unique. It is used in the page headings for all model simulation output and
reports.
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CREW CONFIGURATION

Press the [--] or [TAB] ksy to move the highlighted area to the Crew Configuration
block. Up to four crewmembers may be entered in a model.

To add a crewmember, press the [INSERT] key.

=\

f Model Parameters
| Model Name: Example Worldoad Prediction Model I
| Crew Configuration

Crew Conliguration

Random Function and Task Modes

Start Times: Random Number of Occurrences: Random
____J

The Crew Configuration window opens. Press the single letter (A-Z) key to
designate the crewmember code. Then press the [ENTER] key.

Type the crewmember’'s name (up to € alphanumeric characters, no spaces) and
p(egs the [ENTER] key. Press the [ESC] key to return to the Model Parameters
window.

The new crewmember now appears in the Crew Configuration block. Continue
this process until all crewmembers are entered.

To delete a crewmember, press the [ T ] or [ | ] key to highlight the crewmember
and press the [DELETE] key.

To change a crewmember entered previously, hi hlight the crawmember using
the [ T]or[l]key. Pressthe [ENTER] key and the Crew Configuration window
will disglay the current data. To move within the window to change the data,
press the [ENTER], [T ]or[ |] ke{. To change the crewmember code, type the
new letter and press the [ENTER] key. To change the crewmember name, press
the [DELETE] key to erase the present name and enter the new name. Then
press the [ENTER] key.

Press the [ESC] key to return to the Model Parameters window.
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WORKLOAD COMPONENTS
Press the [-] or [TAB] key to move the highlighted area to the Workload
Components block. Up to six workload components may be entered in a model.

To add a workicad component, press the [INSERT] key and an empty Workload
Components window opens.

(= Model Parameters T
| Model Name: Example Workload Prediction Modet I
l Crew Configuration Workioad Compon:nu
1. P -PILOT
2. C -COPILOT
T (=== Workioad Component ==—==————m—— _|
: ComponentAbbreviation:  E& = =~~~ - °
==1| - ComponentNames ~ . . T =
' ‘Overload Threshold ;- 800 7% © -
Co o speciners U1
. Specifier Conflict Palre s - - B
L===— Enter an sbbrevistion (maximum of 3 characters) ==——]
T—— —
Random Function and Task Modes
Start Times: Random Number of Oocurrences: Random J
\——= == — —— —————

Type the component abbreviation (up to 3 letters) and press the [ENTER] key.

Type the component name (up to 12 alphanumeric characters) and press the
[ENTER] key.

The default overload threshold is 8.0. To change the overload threshold, type the
desired number and press the [ENTER] key or press the [ENTER] key to leave the
overlioad threshold unchanged.

The cursor moves to the SPECIFIER promﬁt. If there are no specifiers for the
component, press the [ESC] key to save t
return to the Model Parameters window.

e information, close the window, and




WORKLOAD COMPONENTS (CONTINUED)

To add further categorization to the workioad components, enter the single letter
specifiers (e.g., an E and | for External and Internal visual components).

To delete a specifier entered in error, reenter the letter.

When all specifiers are entered, press the [ENTER] ke(. The cursor moves to the
SPECIFIER CONFLICT PAIRS prompt and the following instructions are displayed:
Ins: Append Del: Delete « —: SELECT

To append a Specifier Conflict Pair, press the [INSERT] key and type the first
specifier followed by the second specifier.

To delete a conflict pair, highlight the pair using the [«] or [—] key and press the
[DELETE] key.

Continue this Brocess until all the conflict pairs have been entered, then press the
[ENTER] key. Press the [ESC] key to save the information, close the window, and
return to the Model Parameters window.

The new workload component now appears in the Workioad Components biock.
Continue the procedure until all the workload components are entered.

To delete a workload component and all its associated data, pressthe [ T]or[ | ]
key to highlight the workload component and press the [DELETE] key.

To edit a workload component aiready entered, pressthe [T ]or[ | ] keyto
highlight the component. Press the [ENTER] key and the Workload Component
window is displayed. Press the [ENTER], [T ]or[ | ] key to highlight the data
and follow the procedures described above to enter new information. Press the
[ESC] key to save the changes and return to the Model Parameters window.
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WORKLOAD EQUATION

Press the [-), [ 1 ], or [TAB] key to move to the Workload Equation block. The
workload equation can be used to combine workload components to generate

another workload prediction. If no prediction of combined workload is required,
this option can be ignored.

To insert a workload equation, press the [ENTER] key and the Workload Equation
window opens.

(r Model Parameters — )
| Model Nams: Example Workioad Prediction Mode!

Crew Configuration coa Wc'.wkknc':’9 d Components
1. - nitive -8.00
;‘ 2 :z'oLglor 2. PSY  -Psychomotor - 8.00
) - - 800 [E1l

Workioad Equation

OW - Overall Workioad - 0.00
——————————=

Worldoad Equation

Avbreviation : ~ WSS - . oo oo o
L. Nemez: - Aversge Worklosd - Ui
o Equatioms {COQePBYVISYS0 -
. Overioad Threshold s " 8,00 > @ oo ndi oo o0
" L===== Eniet an abbrevistion (msximum of 3 characters) ===

Random Function and Task Modes
Stant Times: Random Number of Occurrences. Random
\—= S i it Bk Bttt A dbcinied B ok L

Type the abbreviation (up to 3 letters) for the workload equation and press the
[ENTER] key. Type the name (up to 12 alphanumaeric characters) of the workload
equation and press the [ENTER] key.

Enter the workload equation and press the [ENTER] key. The equation may con-
tain reference to any of the previously defined workload components, numerical
constants, parentheses, or any of the following mathematical operators: addition
(+), subtraction (-), multiplication (+), division (/), or exponentiation (A). To refer-
ence a workload component, use the three letter abbreviation of the component
in the equation. When editing the equation, the [INSERT] kex toggles between
insert mode and overwrite mode, the [DELETE) key deletes the character at the
cursor, the [BACKSPACE] key deletes the character to the left of the cursor, the
[HOME] key moves the cursor to the beginning of the equation, the [END)] key
moves the cursor to the end of the equation, and the [«] and [—] keys move the
cursor left or right one space.
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WORKLOAD EQUATION (CONTINUED)

When the equation is complete“.fross the [ENTER] key. If TOSS can interpret the
e%mlon. the highlighted area will move to the OVEKLOAD THRESHOLD prompt. If
TOSS cannot interpret the equation, the bell will sound, a diagnostic error
message will be displayed, and the cursor will retum to the workload equation.
Correct the equation using the appropriate editing keys[[msea , [DELETE],
[BACKSPACE], [HOME], [END), [«], [-?]. Then press the [ENTER] key.

Type the desired overload threshold and press the [ENTER] key or press the
[ENTER] key to leave the overload threshold unchanged.

To edit any of the data already entered, press the [ENTER], [ 17 ], or[ ] ] key to
highlight the data and follow the procedures described above.

Press the [ESC] key to return to the Mode! Parameters window. The new work-
load equation will appear in the Workload Equation block.
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SUBSYSTEM GROUPS

Press the [—] or [TAB] key to move the highlighted area to the Subsystem Groups
block. Up to 7 subsystem groups with up to 10 subsystems in each subsystem
group may be enterad in the model.

To add a new group of subsystems, press the [INSERT] key and the Subsystem

Group window opens.
f — Model Parameters ———————}
__Model Name: _Example Wc Bubsystem Group -
Crew Configuration o “"E EERTRI | N
1. P -PILOT - .
2. C -COPILOT _ Neme - Flight Controls
== Enter a subsystem group code =

Workioad Equaton
Subsystem Groups
o Random Function and Task Modes
Start Times: Random Number of Occurrences: Random

—n
—

Enter the single letter designator for the subsystem group, then press the [ENTER]
key. Enter the name (up to 30 alphariumeric characters) and press the [ESC] key.
The Subsystems window now opens.




SUBSYSTEM GROUPS (CONTINUED)

1. P -PILOT
2. C -COPILOT

e oote (e 13 ouracrn )
T NUMOET O CCUITUNCHS .  Manoom

Stant Times: Random

\. /

To add a new subsystem, press the [lNSERT‘L key. Type a subsystem code ﬁu to
3 letters) and press the [ENTER] key. Type the subsystem name (up to 30 aipha-
numeric characters) and press the [ENTER] key.

Continue this process unti! all subs‘stem codes and names are entered for the
sqbgystem group. Press the [ESC] key to return to the Model Parameters
window.

The new subsystem group will now appear in the Subsystem Groups block.
Continue this process until all subsystem groups and subsystems are entered.

To delete an entry to the list, press the [ T ] or[ | ] key to highlight the name of
the desired subsyctem group. To delete the complete subsystem group, press
the [DELETE] key. To delete a subsystem of the group, press the [ENTER] key to
display the Subsystem Group window, the [ESC] key to displa¥ the Subsystem
window, and the [ | ] key until the subsystem is hig\dlighted. hen press the
[DELETE] key. Press the [ESC] key to return to the Model Parameters window.

To edit an entrK on the list, pressthe [ T ] or [ | ] key to highlight the subsystem

roup. Pressthe [ENTER ker\to display the ubs¥‘stem Group window. Use the
FENTER] or},l,]ke’g to highlight the field and type the correct data. Then press
the [ENTER] key. Press the [ENTER] key to leave any entry unchanged. Press the
[ESC] key to display the Subsystems window and use this same procedure to
change subsystem information.

When all editing of subsystem data is complete, press the [ESC] key to return to
the Model Parameters window.



RANDOM FUNCTION AND TASK MODES

glr::ks the [—] or [TAB] key to move to the Random Function and Task Modes

TOSS simulates tasks and functions that are categerized as random in two ways.
First, TOSS randomizes or fixes the start times for random functions and tasks.
Second, it randomizes or fixes the number of times they occur. The default mode
for both of these options is RANDOM.

To change the mode of the start times for random functions and tasks, highlight
the start time option and press the [ENTER] key. When the start times option is
RANDOM, a new set of start times is generated each time the model is executed.
When the start time option is FIXED, the same random set of start times is used
during each simulation.

| Model Name: Example Workload Prediction Model I

Crew Configuration Workload Components ]

3 VIS -Visual -8.00 [EN
Workload Equation
AVE - Overall Workload - 8.00
- Subsystem Groups
1. F - Flight Controls (FT, FC, FCO)
m Function and Task Modes
1 Start Times: Rghdom Number of Occurrences: Random
k——— —:_J

To change the mode of the number of occurrences of random functions and
tasks, highlight the occurrences option and press the [ENTER] key. When the
occurrences option is RANDOM, the number of times that the random functions
and tasks occur varies from 0 to 1.5 times the number specified in the decision
rules. When the occurrences option is FIXED, the number does not vary from the
number in the decision rules. The occurrences option automatically changes to
fixed when the Start Time option is FIXED.

Setting the random function and task modes completes the specification of the
model parameters. The [«], or [>], [TAB], or [SHIFT TAB] keys can be used to
highlight different parts of the Model Parameters window if additional changes are
required. Press the [ESC] key to return to the Main Menu. The prompt SAVE
CHANGES TO MODEL PARAMETERS? is displayed. To save the changes, press the
m key, followed by the [‘l(ENTER] key. To erase the changes, press the [N] key,
ollowed by the [ENTER] key.




| 2 I TASK/WORKLOAD ANALYSIS

After the mission task analysis is complete, use the Task/Workload Analysis routine to
enter the task data obtained from the analysis.

Press the [2] key on the Main Menu to open the Task/Workload Analysis window.

d Example Workload Prediction Model )
Task Names

Task Workloads
cOG PSY

Task Subsystoms =3

LTumb_ y

The Task/Workload Analysis routine has three differant windows:
* Task Names,
« Task Subsystems, and
+ Task Workloads.

These windows are fully described in individual sections beginning on the next page.
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TASK NAMES

Press the [ENTER] key to enter the name of the first task in the model. The Task
Name window opens with a prompt for the task name.

(" Example Workload Prediction Mode! )
_ Task Nnmo_s

Task ﬁmn' -

Enter naw name

Task Subsystems
1 2 3
B

Task Workloads ==—=—====
CoOG PSY VIS

% 000 000 00

Enter the task name éup to 66 a hanumeric characters) and press the [ESC] key
to save the name and open the ask Subsystems window.
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TASK SUBSYSTEMS

The subsysiems the crewmember uses to accomplish a task are entered in the
Task Subsystem window.

é Example Workload Prediction Model )
Task Names$ ——e—e—

: Tosk Subsystems =

I 2% |
Enter Subsystem 1 2=

Task Subsystems =31 Task Workloads
F_ 1 2 3 coa PSY IS
" ' 11 000 000 000
J
\ -/

Space is available for up to three subsystem codes for each task. Enter each
subsystem code associated with the task and press the [ENTER] key.

The subsystem code entered must be listed in the Model Parameters subsystem
list or the program displays the messaga “??? IS NOT A SUBSYSTEM CODE.”

Press the [ESC] key when all the task subsystems are entered to open the Task
Workloads window.
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Workioad ratings can be entered for each of the components previously defined
in the Workload Components window of the Model Parameters. [f the equal-
interval scales shown in Apfendix B are being used, pressing the TAWL HELP
key [F2] will display the scale of the workload component being entered.

TASK WORKLOADS

( Example Workioad Prediction Model D
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For workload components that do not have specifiers, enter the workload rating
for the highlighted component and press the [ENTER] key to move to the next
componsnt.

For workload components that do have specifiers, enter the workload rating for
the highlighted com,. onent and press theJENTER key to move to the specifier
field. TOSS displays the currently definad specifiers for that component at the
bottom of the window. Enter the single letter specifier and press the [ENTER] key
to move to the next component.

If no workload is associated with a component, press the [ENTER] key to move to
the next component.
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TASK WORKLOADS (CONTINUED)

Continue entering the workload ratings for all components of the task. Press the

[ESC] key to return to the Task/Workload Anala'sls window. The SAVE THE

CHANGES TO TASK #17? prompt is displayed. Press the [Y] key, followed by the

LENTER] key, to save the data entered. Press the [N] key, followed by the {ENTER]
ey, to erase the data entered.

To add tasks, press the [INSERT] key and follow the procedures given above.

The highlighted area in the Task Name window can be moved one line at a time,
one page at a time, or to the beEinning or end of the list usingthe [T ].[ | ). [PG
upP}, FPG DN], [HOME], and [END] keys, respectively. Alternatively, to move directly
to a particular task, type the task number and press the [ENTER] key.

To delete a task, move the highlighted area to the task and press the [DELETE]
ge . Lhe task number continues to be displayed, but all data for the task is
eleted.

To edit data already entered, highliz:ht the task and press the [ENTER] key. The
procedure for editing is the same 2s antering new tasks. To leave the data in any
window unchanged, press the [ESC] key.

When all tasks and the associated data are entered, press the [ESC] key to return
to the Main Menu.
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@ MoDEL CONSTRUCTION

The model is a description of the sequencing and interactions of crewmembers’
activities. It is constructad by entering decision rules that describe how the tasks and
functions will be combined during the simulation of a segment. The order that the tasks
or functions are entered into the decision rules does not determine the order that they
will be simulated. Only the information in the decision rules (i.e., start and duration) is
used in scheduling.

Press the [3] key on the Main Menu to execute the Model Construction routine. This
displays the Mode! Construction Menu.

4 Example Workioad Prediction Model N
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2: Segment Declsion Ruies :
'3: FunctionClash Pales - = . " -

L EBeo: &xtt- - 41:MoveHighlight 13, Entar: Seleot »

The Model Construction routine has three different windows:
» Function Decision Rules,
» Segment Decision Rules, and
+ Function Clash Pairs.

These windows are fully describad in individuai sections beginning on the next page.

S0



FUNCTION DECISION RULES

Press the 1] key in the Model Construction Menu to enter or edit the Function
Decision Rules. This opens the Function Decision Rules window.

The Function Declision Rules routine has five different windows:

* Function Name,

Discrete Fixed Tasks,

Discrete Random Tasks,
Continuous Random Tasks, and
Continuous Fixed Tasks.

These windows are fully described in individual sections that follow.

FUNCTION NAME

Press the [ENTER] key to enter the name of the first function. The Function
Name window opens with a prompt for the function name.

( Example Workioad Prediction Model )
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Enter the function narne (up to 66 alphanumeric characters) and press the
[esC] key to save the name and close the window. The highlighted area
moves to the Discrete Fixed column. To insert a task, use the [«] or [-*°
key to move the highlighted area to the type of task (i.e., Discrete Ran-
dom, Continuous Random, Continuous Fixed) and press the [INSERT] key.
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DISCRETE FIXED TASKS

To insert a discrete fixed task into the function decision rule, press the
INSERT] key when the Discrete Fixed column is highlighted and the
iscrete Fixed Task window opens.

( Example Workioad Prediction Model )

L Discrete Fixed Tasks )

The highlighted area is located under the TASK column in the window.
Type the task number and press the [ENTER] key. The highlighted area
moves to the CREW column and the valid code(s) for crewmember(s)
entered in the Mode! Parameters is displayed at the bottom of the window.

Type the crewmember code and press the [ENTER] key to move to the
START column.

The start time for a task within a function can be expressed in two ways:
either as the absolute number of seconds from the start of the function or
as the completion of a preceding task.

To indicate that a task is to begin 10 seconds from the beginning of a
fur'\ction, enter 10.0 and press the [ENTER] key to move to the DURATION
column.

To indicate that a task is to begin after task number 5, enter a -5 and press
the [ENTER] key to move to the DURATION column.

Enter the task duration in seconds and press the [ENTER]} key. The high-
lighted area returns to the TASK column. To save the task information and
close the window, press the [ESC] key.

To enter another task, press the [INSERT] key and follow the procedures
given above. Continue this process until all discreta fixed tasks are
entered.




DISCRETE RANDOM TASKS

Pr|ess the [—) key and the highlighted area moves to the Discrete Random
column.

To insert a discrete random task into the function decision rule, press the
[INSERT] key and the Discrete Random Task column opens.

r Example Workioad Prediction Model h
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Enter the task number in the TASK column and press the [ENTER] key to
move to the DURATION column. Enter the task duration in seconds and
press the [ENTER] key to move to the CREW column. Enter the code of the
crewmember who performs the task and press the [ENTER] key 10 move to
the START column. Enter the time the task may start to occur during the
function and press the [ENTER] key to move to the FINISH column. Enter
the end of the time the task may occur during the function. Use the code
-0.5 to indicate that the task may occur until the function ends. Press the
[ENTER] key to move to the TIMES column. Enter the number of times the
random task is expected to occur between the START and the FINISH time
and press the [ENTER] key.

To save tha information, close the window, return to the Discrete Random
column, and press the [ESC] key.

Continue the above process until all discrete random tasks are entsred.
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CONTINUOUS RANDOM TASKS

Press the [—)] key and the highlighted area moves to the Continuous
Random column. To insert a continuous random task set into the function
decision rule, press the [INSERT] key and the Continuous Random Task
window opens.

Tasks from the continuous random task set are constantl?y being selected
during the active period defined by the start and finish fields. Type the first
task number under T1 and press the [ENTER] key to move to the duration
column (D1). Type the duration of the task and press the [ENTER] key.

The highlighted area moves to the CREW column. Type the crewmember
code and press the [ENTER] key to move to the START column. Type the
start time and press the [ENTER] key to move to the FINISH column. Type
:hekﬁnish time and press the [ENTER] key. This completes entry of the first
ask.
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To enter a second task, press the [INSERT} k_ery. The highlighted area
moves under tha second task column (T2). Type the task number and
press the [ENTER] key to move to the duration column (D2). Type the
duration for the second task and press the [ENTER] key. The highlighted
area moves to the crew column again; however, it is not necessary to
reenter the crew, star, and finish data. Press the [INSERT] key to enter
other tasks in the set.

Continue this process until all tasks in the continuous random set are
antered and press the [ESC] key 10 close the window and return to the
Continuous Random column.




CONTINUOUS FIXED TASKS

Press the [—] key and the highlighted area moves to the Continuous Fixed
column. To insert continuous fixed tasks into the function decision rule,
press the [INSERT] key and the Continuous Fixed Task window opens.

The procedure for entering the Continuous Fixed tasks is the same as for
entering the Discrete Fixed tasks.
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Type the task number in the TASK column and press the [ENTER] key to
move to the CREW column. Type the crewmember code and press the
[ENTER] key to move to the START column. Type the start time and press
the [ENTER] key to move to the DURATION column. Type the duration time
and press the [ENTER] key to return to the TASK column.

Press the [ESC] key when the task data entry is complete to save the data
and close the Continuous Fixed Task window. To enter another task,
press the [INSERT] key and follow the procedures given above.

When all tasks are entered into the function decision rule, press tha [ESC])
key to save the data and return to the Function Names window. The SAVE
THE CHANGES TO FUNCTION #1? Y prompt is displayed. Press the [Y] or
[N] key that is appropriate, followed by the [ENTER] key.

To enter additional functions from the Function Names window, press the
[INSERT] key and follow the procedures for entering the first function. To
edit the function previously entered, highlight the function name and press
the [ENTER] kay.

After all function decision rules are entered and edited, press the [ESC] key
to return to the Model Construction Menu.




SEGMENT DECISION RULES

Press the AZ] key on the Mode! Construction Menu to enter or edit the Segment
Decision Rules. This opens the Segment Decision Rules window.

The Segment Decision Rules routine has four different windows:

Segment Name,

Discrete Fixed Functions,
Discrete Random Functions, and
Continuous Fixed Functions.

These windows are fully described in individual sections that follow.

SEGMENT NAME

Press the [ENTER] key to enter the name of the first segment. The
Segment Name window is displayed with a prompt for the segment name.

Enter the segment name (up to 66 alphanumeric characters) and press the
[ESC) key to save the name and close the window. The highlighted area
moves to the Discrete Fixed column. To insert a function, use the [«] or
—)] key to move the highlighted area to the t)J)e of function (i.e., Discrete
ixed, Discrete Random, or Continuous Fixed) and press the [INSERT] key.
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DISCRETE FIXED FUNCTIONS

To insert a discrete fixad function into the segment decision rule, press the
[INSERT) key when the Discrete Fixed column is highlighted and the Dis-
crete Fixed Function window opens.

( Example Workioad Prediction Model }
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Type the function number in the FUNCTION column and press the [ENTER]
key to move to the START column.

The start time for a function within a segment can be expressed in two
ways: as the absolute number of seconds from the start ~f *he segment or
as the complstion of a preceding function.

To indicate that a function is to begin 30.0 seconds from the beginning ofa
segment, enter 30.0 and press the [ENTER] key to move to the DURATION
column.

To indicate that a function is to begin after function number 10 ends, enter
a -10 and press the [ENTER] key to move to the DURATION column,

Enter the function duration in seconds and press the [ENTER] key. The
prompt moves below the INTERRUPT prompt.
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DISCRETE FIXED FUNCTIONS (CONTINUED)

During a mission segment, a crewmember may halt the performance of
one function, perform another to completion, then continue to perform the
first function from the point of interruption. TOSS models these situations
using interrupts. When any of the functions in the interrupt list are sched-
uled during the simulation of the current function, TOSS will, after the com-

letion of the discrete tasks being performed, interrupt the current function.
f there is a random function that interrupts this function, enter the interrupt
function number at the INTERRUPT promnpt and press the [ENTER) key. Up
to 12 function numbers may be entered in the interrupt list. If all random
functions interrupt the current function, indicate this by entering the code
9999 in the interrupt list. If no functions interrupt the discrete fixed
function, press the [ENTER] key.

The h'ighlighted area will return to the FUNCTION column. To save the
function information and close the window, press the [ESC] key.

To enter another function, press the [INSERT] key and follow the proce-
dures giveg above. Continue this process until all discrete fixed functions
are entered.

When all entries that describe the discrete fixed functions are entered,
press the [ESC] key to return to the Discrete Fixed column.
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DISCRETE RANDOM FUNCTIONS

Press the [—)] key to move the highlighted area to the Discrete Random
column. To inser a discrete random function in the segment decision rule,
press the [INSERT] key and the Discrete Random Function window opens.

Either one or two random functions can be entered in the Discrete Ran-
dom Function window. If one function is entered, the program will select
that function every time the function is scheduled for execution. If two
functions are entered, the program will randomly select one of the func-
tions each time the discrete random pair is scheduled for execution.
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After pressing the [INSERT] key, the highlighted area will move to the F1
column. Enter the function number and press the [ENTER] key to move to
the D1 column. Enter the length of time in seconds that the function will
be performed when selected during the segment and press the [ENTER]
key to move to the F2 column. The procedure for entering the second
function is the same as the procedure for entering the first function.

To enter only one function, gress the [ENTER] key at the F2 column. The
highlighted area moves to the START coclumn.

The start time that the random function may occur within the segment can
be expressed in two ways: as the absolute number of seconds from the
start of the segment or as the completion of a preceding function.

To indicate that the start time when the function may occuris 30.0
seconds from the beginning of a segment, enter 30.0 and press the
[ENTER] key to move to the FINISH column.
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DISCRETE RANDOM FUNCTIONS (CONTINUED)

To indicate that the start time when the function may occur is after function
number 10 ends, enter a -10 and pre.s the [ENTER] key to move to the
FINISH column.

Enter the end of the time the function may occur during the segment. To
extend the finish time to the end of the segment, enter the code -0.5.
Press the [ENTER] key to move to the TIMES column. Enter the number of
times the random function is expected to occur between the START and
the FINISH time and press the [ENTER] key.

The highlighted area moves below the INTERRUPT prompt. Enter the
function numbers that interrupt the current function during simulation and
press the [ENTER] key.

To save the information and return to the DISCRETE RANDOM column,
press the [ESC] key. Press the [INSERT] key to enter additional discrate
random functions and follow the procedures given above. The current limit
c1>3 the number of discrete random functions in a segment decision rule is

Continue the above process untii all discrete random functions are
entered.
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CONTINUOUS FIXED FUNCTIONS

Press the [—] key to move the h}phli hted area to the Continuous Fixed
column. To insert a continuous fixed function into the segment decision
rule, prass the [INSERT] key. The Continuous Fixed Function window
opens. The procedure for entering the continuous fixed functions is the
sama as the procedure for antering the discrete fixed functions.

B Example Workioad Prediction Model w
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Enter the function number in the FUNCTION column and press the [ENTER]
key to move to the START column. Enter the start time and press the
[ENTER] key to move to the DURATION column. Enter the duration and

ress the [ENTER] key to move to the INTERRUPTS. Enter the interrupt
unctions and press the [ENTER] key. See the section above on Discrete
Random Functions for a description of all applicable codes.

To insert another function, press the [INSERT] key and continue as
instructed above. After all continuous fixed functions are entered, press
the [ESC] key to return to the Continuous Fixed column.

When all functions of all types are entered in the segment decision rule,
press the _Fzsc key to save the data and return to the Segment Names
window. The SAVE THE CHANGES TO SEGMENT #1? Y prompt is displayed.
Press the [Y] or [N] key that is appropriate, followed by the [ENTER] key.

To enter additiorial segments from the Segment Names window, press the
[INSERT] key and follow the procedures for entering the first segment. To
edit the segment data previously entered, the procedurs is the same as
entering the data except the [ENTER] key is used to open the different
windows after highlighting the data.

After all segment decision rules are entered and edited, press the [ESC)
key to return to the Model Construction Menu.




FUNCTION CLASH PAIRS

Press the [SA key on the Madel Construction Menu to enter or edit the Clash Pair
file. This will open the Clash Pairs window.

To insert a Function Clash Pair, press the [INSERT] key. This will open the Insert
Clash Pairs window.
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Enter the first function of the function clash pair and press the [ENTER] key to
move to the FUNCTION 2: prompt. Enter the second function and press the
[ENTER] key to return to the FUNCTION 1: prompt. To save the clash pair and
return to the Clash Pairs window, press the [ESC] key.

Continue this procedure until all clash pairs are entered. To delete a pair, high-

light the pair using the{ T jor{ | ] key and press the [DELETE] key. To deiete the

eair. press the [Y] and [ENTER] keys in response to the prompt DELETE PAIR #17?
. Press the [N] and [ENTER] keys to cancel the de'ete.

To locate a clash pair in the list, press the [F6] key. The Locate Clash Pair
window opens. The Locate Clash Pair window is similar to the Insert Clash Pair
window. Enter the first function number at the FUNCTION 1: prompt and press the
(ENTER] key to move to the FUNCTION 2: prompt. Enter the second function
number and press the [ENTER] key. The window closes and the requested pair is
highlighted on the list. If the pair is not in the list, the message FUNCTION CLASH
PAIR NOT FOUND flashes on the bottom of the window.
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FUNCTION CLASH PAIRS (CONTINUED)

To obtain a list of the functions that clash with a particular function, press the [F5)
key. The Clash List window opens.
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Enter the function number at the FUNCTION: prompt and press the [ENTER] key.
The window changes and displays all functions that clash with the function that
was entered. Prass any key to return to the Clash Pairs window.

When all clash pairs have been entered, prass the [ESC] key to return to the
Model Construction Menu.

When all decision rules .ind clash pairs are entered and edited, press the [ESC]
key to return to the Main Menu.




E MODEL SIMULATION

Atter constructing and entering 4 complete model, each of the se ments can be
simulated. The algorithm used during simulation is described in detail in the logic flow
diagrams preserited in Appendix D.

Press the [4] key on the Main Menu to execute the Model Simulation routine. This
displays the Mode! Output Optioris Menu.
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The output options are described in the following sections that begin with a diamond
shape. Also, examples of each are presented in Appendix E. Datermine the desired
output and press the number key beside the appropriate option. This displays the Page
Size window and the default page size for the output option. To change the number of
lines on each page of the output, enter the new page size and press the [ENTER] key.
To use the current page size and close the Page Size window, press the [ENTER) of
[esC] key. A right triangle appears beside the number, indicating the option is selected.
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To turn off the option, press the number key next to the right triangle. Multiple options
can be selected to create more than one type output file when the segment is simulated.
Aftec; selecting the desired option(s), press the [F10] key to open the Segment Names
window.
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To select a segment for simulation, press the [ T} or [ | ] key to highlight the desired
segment and press the [ENTER] key or enter the number by the SEGMENT # » prompt
and press the [ENTER] kex_ A nght triangle indicating a selected status is displayed next
to the segment number. To deselect a segment, highlight it and press the [ENTER] key.

If more than one segment is to be executed, press the [ 1] or[ | ] key and follow the
procedure above until all desired segments are selected. Press the [F3] key to select all
segments or the [F4] ke JI to deselect all segments. Press the [F10] key and the selected
segments are simulate
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For all output options, the Model Simulation window is displayed. The file(s) being
created is listed in the Output Options block.

(" [==m=—=——=Example Workicad Prediction Model = )
p—— Sgment: 1 - Before Takeoff (Assembly Area) e
Se PILOT ( cogu.m)

Overioad: 0 Owverioad: 0
MEAN PEAK CO MEAN PEAK CO
Aud 000 0.00 o] 000 000 0
Kin 000 000 0 000 000 ()
Vis 000 000 0 000 0.00 0
NVG 000 000 0 600 000 0
Cog 000 0.00 0 0.00 0.00 0
Psy 000 000 0 0.00 0.00 0
OW 000 000 0 0.00 0.00 0
| Ovutput Options: Anbreviated Output File, Numerical Data File. |
NO PAUSE
L Esc: quit, F9: toggle pause feature )

A summary screen is displayed throughout the segment run. The screen displays the
same information for all output options.

If any of the decision rules refer to a crewmember who is not currently defined in the
model, the following message is displayed on the screen: WARNING: TASK IN
DECISION RULE HAS INVALID CREWMEMBER. This is an advisory message and will not
interrupt the segment simulation.

When the segment run is completed, the overload density is displaJed for the segment
and the SEGMENT COMPLETED ... PRESS A KEY: prompt is displayed.
return to the Segment Selection window.

Press any key to




gh% gusbgections that follow describe each of the types of output that can be generated
y .
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SCREEN OUTPUT

If no output options are selected, the simulation is performed without creating an
output file. This is the fastest method of simulation. TOSS runs the model and
displays tha results only on the screen. The screen displays the segment time,
the actual time to run the segment, the number of overioad conditions and the
overioad density for each crewmember, the average workload by component, the
peak workload by component, and the number of component overloads. To
obtain a printout of the screen, usa the [PRINT SCREEN] key to send a copy of the
screen to the printer (see page E-2 ot Appendix E).

&

The Simulation Listing output lists each crewmember's current functions and the
tasks within those functions for half-second periods along the mission timeline
(see pages E-3 through E-5). This option produces a computer file in the model
directory named SIM####.LST, where #### is replaced with the se?ment number
greceded by zeros. For example, the output file for Segment 1 is SIM0001.LST.

ask workload is printed for each task and the current worklioad total is printed for
each crewmember. When a new overload condition occurs for a crewmember,
the previous overload count is incremented by one and the current count of over-
load conditions is printed at the right of the page. The task subsystems for the
overloaded crewmember are printed below the total line. TRANSITION is printed
for the task when a crewmember makes a transition from one task to another
task. STANDBY is printed in place of a function when a crewmember is not
performing a function. If there is a component conflict (e.g., two tasks require the
same hand), a star is printed next to the component total. The last half-second
period in the segment timeline does not list a function or task and indicates the
end of the segment.

SIMULATION LISTING

The last several pages of the Simulation Listing output file present summa
information. The first summary page ‘see page E-6) lists the state the model was
in when the segment was simulated. It lists the currently defined workload
components and thresholds and the current workload equation and threshold. It
also lists the current state of the randomization parameters.

The second summary page (see page E-7) describes the workload experienced
by each crewmember dunng the segment. The component workload statistics
and the overload density are listed for each crewmember.
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SIMULATION LISTING (CONTINUED)

The following summary pages, one page for each crewmember (see gsages E-8
and E-9), describe the results of the simulation with respect to the subsystems.
For each subsystem, the report lists the number of overioad conditions asso-
ciated with that subsystem and the percentage of segment time that the sub-
system was used by the crewmember. The reﬁort also lists the mean component
workioad that the crewmember experienced while using the subsystem and the
subsystem impact (S| = % utilization times mean workload).

The final summary page (see page E-10) lists the results from the simulation of
random functions in five columns. The function number is listed in the first
column. The user defined TIMES field from the segment decision rule is listed in
the second column. The TIMES field contains the mean number of times the
function is expected to occur. The third column lists the maximum number of
times the random function could have occurred during simulation. This ceiling is
calculated by multiplying the expected number of occurrences by 1.5. The lower
limit of occurrence is set at zero. The fourth column is the number of times the
random function actually occurred during simulation. The final column lists the
ad_?jtional number of times the function could have occurred before reaching the
ceiling.

&
ABBREVIATED SIMULATION LISTING

The Abbreviated Simulation Listing output is similar to the Simulation Listin
output except that it prints fewer half-second periods. For example, the Abbre-
viated Simulation Listing does not print a representation when a new continuous
random task is selected. A naw point on the timeline is printed only if a discrete
fixed or a discrete random task changes, or if a new continuous random task
creates an overload condition. This option produces a computer file in the mode!
directory named ABS####.LST.

O
NUMERICAL DATA FILE

The Numerical Data Files output fsee page E-11) enables further analyses of the
model output (e.g., statistical analysis or graphing). This option produces sepa-
rate computer files in the model directory for each of the crewmembers defined in
the mode! by combining the singie letter crewmember code and WL####.LST.
For example, if the currently detined crewmember codes in the model are P and
C, then this option would produce the files PWL####.LST and CWL####.LST.
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The current predictions of each crewmember's workioad are written into these
files for each half-second of the segment.

NUMERICAL DATA FILE (CONTINUED)

The Numerical Data Files differ from the Simulation Listing output in two ways.
First, the files do not contain any description of the tasks or functions being

erformed during the segment; the files only contain numbers (workload predic-
ions). Second, every half-second of the model execution is represented by a
new row of predictions. The first column in the file is always the segment time
and is followed by the model's predictions of the crewmember's current workload
for each of the components detined in the model. The final column is generated
by the workload equation. The files are tab delimited ASCII, which is compatible
with most text editors and statistical software.

&
TASK LISTING

The Task Listing output (see page E-12) was created to facilitate a review of the
simulation by experienced personnel to determine the accuracy of the model.
The Task Listing output lists only the segment time and current task(s) being
performed by the crewmembers and has no information about the function or the
workload. This option produces a computer file in the model directory named by
combining the single letter crewmember codes and ####.LST. For example, if
the currently defined crewmember codes in the model are P and C, then this
option produces the file PC####.LST.

Each output option produces a unique file {or set of files) in the model directory.
Thus, each time the Mode! Simulation routine is entered and a particular output

option is chosen, the program produces a unique file with the segment number
(e.g., ABS0001.LST, ABS0002.LST, ABS0003.LST for segments 1, 2, and 3).
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| 5 I VIEw/PRINT OuTPUT

Press the [51 key on the Main Menu to review or print any of the output files. The Select
File window is displayed with a list of the viewable/printable files in the model
subdirectory.

é Example Workload Prodiction Model h

. BLDFUN.LST = -
_ CLASHES.LST
TASKFUN.LST
~ PCO014.LST

| Eso: Bt Enter: Select | TPgUP PgDn Home End: Move mg'nung

Press the [ T ] or[ | ] to scroll the highlighted area through the list to the output file you
want to review. Press the [ENTER] key and the file is displayed.

 CATOSS EXAMPLEABS0001 LT Unes 42 - 6201 2118 )

37 Change Altiude -
1.0 Function 177. Evaivate Obstacie Clearance (Piot)

439 Maintain Obstacle Clearance

Workioad Totals:
GUNNER
1.0 Function 83: Monitor Audio
66 Monitor Audio

1.0 Functon 134: Select Sensor (FLIR)

Transition
Workijoad Totals:

L Esc: Exit F7: Print F8: Forward S8esroh { T — Soroll D

The full path and file name is displayed at the top left corner of the window. The line
numbers of the portion of the file currently displayed and the total number of lines in the
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file are listed at the top right corner of the window. The [ T1.[ | ], [-), and [«], [PG UP],
E’G DN], [HOME], and [END] keys can be used to scroll file for viewing on the screen.
Press the [F7] key to print the file. If the printer is not available, a pop-up window with
PRINTER NOT READY ... CHECK PRINTER AND TRY AGAIN! will be displayed. If the printer
is available when the [F7] key is pressed, the message PRINT THE ENTIRE FILE? Y will
be displayed. Press the [ENTER] key and the entire file will be sent to the printer. Press
the [N] key, foliowed by theé_ENTER] eg and a pop-up window with ENTER FIRST PAGE #
AND ENTER LAST PAGE # is displayed. Enter the first page number and press the
LENTER] key. Enter the last page number or an{ « ] for end of file and press the [ENTER]
ey to send the designated pages to the printer.

rmmm “Unes 42 - 62 of 2115

0.6 Functon 83: Monitor Audio
66 Monitor Audio
ﬂﬁ 0.0 Funcion 134. Select Sensor (FUIR)

== Forward Sesroh :

PILOT
1.0 Function  83: Monitor Audio
68 Monitor Audio
1.0 Function 156: Unmask Aircraft
37 Change Altitude
1.0 Function 177. Ewvaluate Obstacie Clearance (Pilot)

L _ Eso: Edt F7: Print Fé: ?omgrdsqarch 4 1 8oron :

Press the [F8] key to search for a string of characters in the file. The Forward Search
window opens. Type the string of characters in the window and press the [ENTER] key
to begin the search for the string. If the string is found, the search will stop, highlighting
the string in the file. To quickly search for the sama string again, press the [F8] key
again (notice that the previous search string remains in the Forward Search window),
then press the [ENTER] key. The search for the string begins at the top of the screen
that is currently displayed and only proceeds forward in the file. If the string is not
found, a bel!l sounds and an error message is displayed.

To exit the routine, press the [ESC] key to return to the Main Menu. To review other
files, press the [5] key to return to the Select File window.
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| 6 | REPORT GENERATION

Press the [6] key on the Main Menu to execute the Report Generation routine. This
displays the Output Options Menu.

r' Example Workioad Prediction Model Y

- 3: Send Output 1o Printer snd File .

\Eooﬁ Ext© 1 T:MoveHightight 1.3, Enter: Select y

Prior to generating any reports, TOSS needs to know how to direct the output. TOSS
can direct its output to go directly to the printer, into a file, or to both. To select an out-
put option, scroll the highlighted area with the [ T ] or [ | ] key and press the [ENTER] key
or press the numbaer key that is displayed next to the output option. This displays the
Page Size window. Enter the number of lines per p ?_e and press the [ENTER] key or
press the [ESC] key to accept the current page size. This displays the Report
Gensgration Menu.

a8 Example Workload Prediction Model )

2: FunctionNames -
8: Function Declsion Rules -
4: Segment Namee . .

§: Segment Decision Rules

8: Function Clash Paire -

7: Task Cross-Reference i
8: Function Cross-Reference

Lg.g, Exht 4T : MoveHighlight 1.3, Enter: Select )
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To select one of the reports listed, scroll the highlighted area withthe [ T]or[ | ] key to
the desired report and press the [ENTER] key or press the number key that is displayed
next to the file name. Examples of the output produced for each of the reports are
presented in Appendix F. The instructions for generating the reports are given below.

TASK DATA BASE

Press the [1] key on the Report Generation Menu to generate a report of all tasks
and the associated subsystems and workloads. The prompt DO YOU WANT TO
ALPHABETIZE THE LISTING? Y is displayed. To generate an alphabetical task
listing, press the [ENTER] key. Otherwise, press the [N] key, followed by the
ENTER] key, and a report is generated listing tasks by number. The Task Data

ase report contains all the tasks in the model with associated task number,
subsystem(s), and component workload(s). Use the View/Print Output option on
the Main Menu to view the file on the screen.

If option 2 or 3 of the output ortions is chosen from the Output Options Menu, the
Repont Generated window wiii open.

( Example Workload Prediction Model N
ll Report Menu

93 e
: Function Names
: Function Decision Rules

2
3
4: Segment Names

§: Segmaent Decision Rules
8: Function Clash Pairs

7: Task Cross-Reference

8: Function Cross-Reference

= Report Genersted
Flle DATOSS EXAMPLE\TASKDB.LST created .
Press sny key:

L €so: Exit : 11 M_cﬁb_llgﬁﬂght © 18, Enter: Solect y

TOSS will pause, displaying the complete file name of the report file that was
created. After noting the name of the file, press any key to continue. The default
file name for the Task Data Base Report is TASKDB.LST.




FUNCTION NAMES

To generate a report listing all the function names and numbers, press the [2] key
on the Report Generation Menu and follow the instructions given for the Task
Data Base. The default file name for the Function Names Report is
FUNCTION.LST.

&

FUNCTION DECISION RULES

Press the [3] key on the Report Generation Menu to generate a report of the
information in one or more decision rules. The functions in the model are listed
numerically in the Function Names window.

~ Example Workload Predicton Model )
Function Names

A

: Acquire Target (Laser 8pot Tracker, Automatie
3: Acquire Terget (Luser Spot Tracker, Menuai)
4: Aoquire Terget (DVQ)

8: EMPTY .

6: EMPTY

7: Acquire Target (FLIR)

8: ENPTY

9: EMPTY

10: Acilvate ignition .

11: Adjust IHADSS Boresight (Gunner)

12: Adjust INADSS Boresight (Pilot)

13: Adjust Outfront Boresight

14; Arrenge Cockpit (Gunner) -

A 18: Arrange Cockpit (Pllot)

Function #p 1 .
Eso: Exlt F8:Forward Searoh F10: Executs 1-182, Enter: Select
\__ J

The number next to the FUNCTION # » prompt is the function that is highlighted
on the list. To change the number, scroll through the list using the [bT? d1 PG
UP), [PG DN], [HOME], or [END] key or enter the desired function number. Press
the [ENTER] key and a right triangle is displayed next to the number in the list.
This identifies the function decision rule to be output. Press the [F3] key to select
all functions. Press the [F4)] key to deselect all functions.

After identifying the desired functions, press the [F10] key to generate a report of
the designated Function Decision Rules. The default file name for the Function
Decision Rules Report, BLDFUN.LST, is displayed in the Report Generated
window. Press any key to return to the Report Menu window.

74




&

To generate a report listing all the segment names and numbers, press the [«_1']
key on the Regon Generation Menu and follow the instructions given for the Task
Data Base. The

SEGMENT.LST.

<5>

SEGMENT DECISION RULES

SEGMENT NAMES

default file name for the Segment Names Report is

Press the [5] key on the Report Generation Menu to .?enera!e a report of the

information in one or more segment decision rules. The Segment Names window
is displayed.

The procadure for selecting the desired segments is the same as that given
above for selecting functions. The defaullt file name for the Segment Decision
Rules Report is BLDSEG.LST.

( Example Workload P rediction Model ~
— —— Ssgment Names
g: Takeotf 4
3: Takeoft (NVQ)
4: Contour Flight

8: Contour Rlight [NVG)

-@: Contour Flight (Threat)

7: Contour Flight (Threst [NVQ]

8: Contour Flight (Mission Change)

9: Contour Flight (Mission Change) [NVG]
10: Approach

11: Approach [NVQ)

12: Landing

13: Landing [NVQ)

14: Before Takeof! (Internat Load)
E 15: Before Takeoff (External Load)
————————J
Segment b 1
9 Eso: Exit F8: Forward Search F10: Execute 1.34, Enter: Select

/
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Press the [6] key on the Report Generation Menu to generate a report of the
clash pairs. The Report Generated window pauses, displaying the detault file
name for the Clash Pair Report: CLASHES.LST. Press any key to return to the
Report Menu. Return to the Main Menu and use the View/Print Output to view
the file on the screen.

<7>

TASK CROSS-REFERENCE

FUNCTION CLASH PAIRS

Press the [7] key on the Report Generation Menu to execute the Task Cross-

Referance option. This option generates a report that, for each task, lists all the

functions that contain that task. The Report Generated wincdow pauses, dis-

glaying the default file name for the Task Cross-Reference Report: TASKFUN.LST.
ress any kebto return to the Report Menu. To view the file on the screen,

return to the Main Menu and use the View/Print Output option.

<3>

FUNCTION CROSS-REFERENCE

Press the [8] key on the Report Generation Menu to execute the Function Cross-
Reterence option. This option generatas a report that, for each function, lists all
the segments that contain that function. The Report Generated window pauses,
displaying the default file name for the Function Cross-Reference Report:
FUNSEG.LST. Press any key to return to the Report Menu. To view the file on the
screen, return to the Main Menu and use the View/Print Output option.




7 UTILITIES

There are three utilities that may be useful during the creation and development of a
TAWL model. These utilities allow the user to import or export TOSS data files to
dBASE files, change the workload rating scales used in the workload analysis, or

change TOSS screen colors.
Press the [7] key on the Main Menu to execute the Utilities routine. This displays the
Utility Menu.
( Example Workload Prediction Model )
= {ility Iﬁoﬁu

: Workload Conve
8 : Customize Colors

\ Esc: Exit { T Move Highlight 1.3, Enter: Select

The Utilities routine has three different options:

» Import/Export Data Files,
» Workload Conversion, and
» Customize Colors.

These options are fully described in individual sections beginning on the next page.




IMPORT/EXPORT DATA FILES

Press the [1] key on the Utilities Menu to import or export TOSS data to dBASE

files. This displays the Import/Export Menu.
( Example Workicad Prediction Model )
—— ImporvExpont Menu

PX i impon o dBASE filalnie 1058
2: Export s TOSS file into dBASE
3 ; Croeate dBASE file structures for TOSS data

Ese: Exit . § 1: Move Highlight 13, Enter: Selsct J

IMPORT A dBASE FILE INTO TOSS

Press the [1] key on the import/Export Menu to import existing data in
dBASE format into a TOSS model. See Appendix G for a full description
of the dBASE file names and structures for TOSS data. This displays the
Import Files Menu.




IMPORT A dBASE FILE INTO TOSS (CONTINUED)

( Example Workioad Prediction Model )

:f?Tﬁ;%mp , : '”'i

: Tosit Osta Bose

1 Function Namese
Function Decision Ruies
Segment Names -
Segment Decislion Rules
Function Clash Palre :

~ oy N R

L Esc: Exit 4 T Move Highlight " 1.7, Enter: Select )

CAUTION: Selecting an item from this menu destroys the corresponding
TOSS data. When there are existing dBASE file: i: .. model directory
with the correct names and file structures, selecting a:; one of the items
from the Import Files Menu causes TOSS to read the dBASE file and
replace the current TOSS data with the data found in the dBASE file. Prior
to importing the data, TOSS displays a Warning window and allows you to
abandon the operation.

EXPORT A TOSS FILE INTO dBASE

Press the [2] key on the Import/Export Menu to export existing TOSS data
to dBASE format files. This displays the Export Files Menu. See
Appendix G for a full description of the dBASE file names and structures
for TOSS data.




EXPORT A TCSS FILE INTO dBASE (CONTINUED)

d Example Workload Prediction Model )

r:?ull'm, G
_3: FunctionNames - ...~

\ Bsc:Bxit . 1D MoveHighlight = 17,Enter:Select

To create a dBASE file containing the current model data, select any of the
items on the Export Files Menu. TOSS creates a dBASE file in the model
directory and pause to identify the file(s) that were created.

CREATE dBASE FILE STRUCTURES FOR TOSS DATA

Press the [3] key on the Import/Export Menu to create empty dBASE files
structured for TOSS data. See Appendix G for a full description of the
dBASE file names and structures for TOSS data. This opens the Files
Created window displaying the BASE file names that were created.

( Example Workload Prediction Modal )
import/Export Menu

Model Parameters 1 MODEL.DBF, MODELOP.OBF

: - MODELWL.DBF,MODELSS.DBF
Tosk Database " 3 TASKDBDBF
FunctionNames -t PFUNCTION.DBF
Segment Names 1 SEQMENTDBF -

Segment Declislon Rules : BLOSEQ.DBF
Function Decision Rules: BLDFUN.DBP
Punction Clesh Pelrs 3 CLASHESLDBF -

LI | S — any key
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WORKLOAD CONVERSION

Press the [2] key on the Utilities Menu to convert the workload ratings in a model
from one scale to another. This displays the Workload Conversion Menu. The
Workload Conversion Menu differs, depending on the workload components that
are identified in the model parameters of the model. An example Workload
Conversion Menu is given below.

( Example Workicad Prediction Modet )

— Workioad Conversion Menu

2: PSY - Psychomotor
3: VI8 - Visual
4: Convert Workioad

| Ese:Exit 1% MoveHighight 14 Enter:Select

As indicated by the menu, the Exampie Workioad Prediction Modei has three
workload components: cognitive. psychomotor, and visual. Each of the workload
component selections on the Workload Conversion Menu allows the rating scale
for that component to be mapped onto a different scale. For example, if the first
item (1: COG - Cognitive) on the menu was selected by pressin?t e [1] key or
highlighting it and pressing [ENTER], the Cognitive Workload Scale Conversion
window would open.
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WORKLOAD CONVERSION (CONTINUED)

( Exampie Workioad Prediction Model Y
[ Cant Wand S Comeon =)
if - » 0

LE 100
120 -
a0 o
480 - 4.80
330 - 530
6.50 R
: o 8.80
| = Entor & number from 0.00 to 99.99

L'e’do:em ~ Enter: Acceptentry  Fi: TOSS help  F2: TAWL help )

This window identifies all the unique values found in the cognitive workload ‘
ratings entered in the Task/Workload Analysis routine. These values are listed in
the column labeled Original Value. Beside that co'amn is a column labeled New
Value where, initially, the original values are listed.

If, for sake of demonstration, you wanted to use this routine to double all the
cognitive ratings in a model, you would enter 14.00 beside the original value of
7.00, 2.00 beside the original value of 1.00, 2.40 beside the original value of 1.20,
etc. After enterinF the new mapping in the Cognitive Workload Scale Conversion
window, you would press the [ESC] key to return to the Workload Conversion
Menu window. Selecting the last item on the menu (i.e., Convert Workload)
would cause TOSS to replace all the original cognitive workload ratings with the
new ones you entered.

This utility was quite useful when models, developed using ordinal rating scales,
were updated to use equal-interval rating scales. vhe routine is capable of
producing any many-to-one or one-to-one mapping functions to convert from one
ggrgkéoad rating scale to another as long as the new values range from 0.00 to
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Press theP] key on the Utilities Menu to change the colors used in TOSS display
screens. This displays the Customize Colors Menu.

CusTOMIZE COLORS

( Example Workioad Prediction Model )
== Customize Color Menu ==y === information

2: Menus . ~ Change cofor of:

3: FirstLevel Windows ontire color scheme.

4: Second Level Windows - ) .

§: TOSS Help Screens

8: TAWL Help Screens

7: Save Window o

8: Delete Warning Window

9: leollunqoqo )
9 Esc:iExit 1 % MoveHighight - Enter: Modity com_J

The first item on the Customize Color Menu (Entire Color Set) allows you, in a
single keystroke, to change all of the colors used to displaz information in TOSS.
There are two options for complete color sets: the Monochrome Color Set and
the Default Color Set. To change the color set to one of these schemes, highlight
the Entire Color Set option on the Custormize Color Menu and press the [ENTER]
key. This displays the Entire Color Set Menu.

To change the display of information in TOSS so that it is best visible on a mono-
chrome display, highlight the Monochrome option on the menu and press the
[ENTER] key.

To change the display of information in TOSS to the original color set, highlight
the Default option and press the [ENTER] key.

The remainder of the options on the Customize Color Menu are used to change
the display characteristics of the 48 different type. of information displayed by the
program. The procedures for changing the 48 different colors are similar; thus,
only one example is described.




&

CUSTOMIZE COLORS (CONTINUED)

To change the color of menus, select the Menus option from the Customize Color

Menu.

OSS displays the Menus window.

r—

1: Entire Color Sel .

: Flist Lovel Windows
Second Lavel Windows
TOSS Help Screens
TAWL Help Screens -
Save Window -

Delets Wamning Window
: Miscellansous L

[

L R e

' Eso: Exit
¥Ew

L T Move Hightight

Example Workioad Prediction Model

“2: Windows
3: Highlight

-~ Enter: Modify Celor

J

Select the windows option either by highlighting and pressing the [ENTER] key or
by pressing the [2] key. This opens the Colors and Example windows.

4 Exampie Workload Predicton Model )
— Colorg mm—s
. XX X XXX XXX XXX
== Customize ColorMeru =Sz |y 'x x x'%x x x x x x % x x[x]
1. Entire Color Set X XXX X XX X% X% X
2 Menus XX XXX X XXX XXX XX
3 : First Level Windows X K- XXX XK X KRX X RN
4 : Second Leve! Windows XN X KX KX XX XX XXX
§: TOSS Help Screens X X X X XX X XX XX X K X
6 : TAWL Help Screens X X X XXX X xX XXX X x
7 ; Save Window
8 Delots Waming Window - E";;":‘:n "y
9. Miscellaneous OSSM.M Menu
1. Model Parameters
2. Task Database
\ Eso: Exit 1 1. Move Highlight Enter: Modify Color y

Usethe [ T]. [ 1 ][], or [«] key to select the color in the Color window. To aid
in color selection, the Example window displays the selected color scheme.
When color selection is complete, press the [ENTER) key to return to the Menus
window. Press the [ESC] key to return to the Customize Colors Menu.




O
CUSTOMIZE COLORS (CONTINUED)

Use the same procedure to change the colors of any of the other items on the
Customize Colors Menu.

Press the [ESC] key to return to the Utilities Menu. TOSS asks for confirmation
on the changes made to the color scheme. To save the changes, press the
[ENTER] key; to discard them, press the [N] key, followed by the [ENTER] key.

When the use of the utilities is completed, press the [ESC] key on the Utility Menu
to return to the Main Menu.




ﬂ MODEL SELECTION

Tr:)edlvllodel Selection routine can be used to select, create, delste, back up, and restore
models.

Press the?‘ key on the Main Menu to execute the Model Selection routine. This opens
the Drive Selection window. Enter the single letter desanation of the computer disk
wh%re the model is stored and press the [ENTER] key. This opens the Mode! Selection
window.

( ToSs )
TAWL Operator Simulation System

AH-84A Apache Workioad Prediction Model - = - -

UH-60A Black Hawk Workioad Prediction Model -

MH-47E SOF Chinook Worldoad Prediotion Model
 Workiosd Prediction Mod:

edios

CH47D %Inoql&lo;ﬁ - Prediction Model o
Choose Model ===

The Model Selection routine has five different windows:

Model Selection,
Model Creation,
Model Deletion,
Model Backup, and
Mode! Restoration.

These windows are fully described in individua! sectiuns beginning on the next page.
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MODEL SELECTION

To select a modal, highl‘i%ht the model using the [ 1] or [ | ] key. The content of
the Model Directory window changes as difterent models are selected in the
Model Selection window, indicating the disk directory that contains the model
data files. To begin working with a model, highlight it and press the [ENTER] key;
to execute one of the other model level actions, follow the instructions below.

<>

MODEL CREATION

To create a new mode! from the Model Selection window, press the [INSERT] key.
This opens the New Model window.

Ll ke ————1

path for new mod
B D s

s

JOSHEXAMP,

X

Eso: Exit F1,F2: Help F10: Creste New Model
\. v,

Enter the new model subdirectory and press the [ENTER) key. Enter the new
model name, then press the [ENTER] key. Press the [F10)] key to create the new
model; to abandon the creation of the new model, press the [ESC] key. The
Model Selection window then opens with the new model name in the list of
available models.




MODEL DELETION

To delete an existing model and all its associated data files, highlight the model
using the [ T ] or [ | ] key and press the [DELETE] key. This opens the Delete
Model window.

( TOSS )
TAWL Operator Simutation System
Model Selection
AH-84A Apache Workload Prediction Model
UH-80A Black Hawk Worklioad Prediction Model
MH-47E SOF Chinook Workiosd Prediction Model
MH-80K SOF Black Hawk Workload Prediction Model
Exam Delete Modet
CH4'
e—
— Model Directory
CATOSS\EXAMPLE |
_ -

To confirm that the selected model is to be deleted, press the [Y] key, followed by
the [ENTER] key. To abort the request to delete the model, press the [ENTER] key.
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To make a backup copy of all a model’s data files, hi%hlight the model using the
(T ]dor[ 4 1 key and press the [F11] or [ALT-B] key. This opens the Backup
window.

MODEL BACKUP

( TO0SS )
TAWL Operator Simulation System

Modsl Seleciion

AH-84A Apache Workioad Prediction Model

UH-80A BlackHawk Workioad Prediction Model
MH-47E SOF Chinook Workload Prediction Model
MH-80K SOF BlackHawk Workioad Prediction Model
Backup

Specity path to backup data

Model Directory
CATOSS\EXAMPLE

Enter the DOS drive and path name of the directory where TOSS is to copy the
files and press the [ENTER] key. To abort the request to backup the model and
return to the Modei Selection window, press the [ESC] key. if a valid directory has
been entered, TOSS will copy the data files from the model directory to the speci-
fied directory and indicate that the model has been backed up successfuliy.

89




O

MODEL RESTORATION

CAUTION: Using the Model Restoration option overwrites current TOSS data.
To restore a copy of all of a model's files from a backup, highlight the model
using the [ T ] or [ 1 ] key and press the [F12] or [ALT-R] key. This opens the
Restore window.

< TOSS N
TAWL Operator Simulation System

|| Model Selection

AH-84A Apsche Workload Pradiciion Mode!

UH-80A BlsckHawk Worklosd Prediotion Model

MH-47E SOF Chinook Workiosd Prediction Mode!

MH-80K SOF Bllcl(l-lav;l( Workioad Prediction Model
estore

r Model Directory ]
l | C:TOSS\EXAMPLE | |
W,

Enter the DOS drive and path name of the directory wheie TOSS is to find the
backup files and press the [ENTER} key. To abort the request to restore the
model and return to the Model Selection window, press the [ESC] key. If a valid
directog' has been entered and the model name of the selected model matches
the model name in the specified directory, TOSS will copy the data files from the
specified directory to the model! directory and indicate that the model has been
restored successfully.

\.

If TOSS finds that the model names of the two directories do not match, it will
open a Warning window displaying both model names and give you a chance to
abort the restore command.
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ACTIVE
PERIOD

COMPONENT
OVESRLOAD

CONTINUOUS

DECISION

RULES

DISCRETE

FIXED

FUNCTION

GLOSSARY

The span of time in which a random task or function is allowed to
occur.

Each half-second period in which a workload component exceeds
the overload threshold established in the model. The number of
component overloads is computed separately for each crew-
membaer defined in the model.

Describes tasks whose magnitude or intensity of performance
determine the magnitude of the resulting system response. The
resulting state of the system in turn determines the magnitude or
intensity of the subsequent performance of the task. Continuous
tasks occur in closed-loop control systems. Mission requirements
and conditions determine their start and end points. In TAWL,
continuous is used in contrast to discrete.

A list of temporal sequencing information that describes the
execution of tasks within a function or the execution of functions
within a segment. A decision rule contains either a start time and
tinish time or a start time and duration.

Tasks whose magnitude or intensity of performance does not
determine the magnitude of the resulting system change. Discrete
tasks occur in open-loop control systems. In TAWL, discrete is
used in contrast to continuous.

Describes tasks or functions that occur in a specified sequence
rather than a random sequence.

The collection of crewmembers' acticns that are necessary to carry
out a single logical activity. Functions are interruptible parts of a
segment that may be present in different segments. Functions can
be concurrent with or sequential to other functions in a segment.
Functions are composed of tasks. Examples of functions include
perform before-taxi check and check instrument panel.
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FUNCTION
CLASH
PAIRS

INTERRUPT

MISSION

OVERLOAD

OVERLOAD
CONDITION

OVERLOAD
DENSITY

OVERLOAD
THRESHOLD

A pair of functicns that cannot be performed concurrently. For
example, in the attack helicopter, the copilot/gunner cannot
perform the track targets automatically function and the track
targets manually function at the same time.

An interrupt occurs when the performance of one function is
stopped temporarily in order to perform another cne. For example,
monitoring the external visual scene may be interrupted to check
the instrument panel.

An operation of the system that is designed to accomplish a broad
objective. Because there are several ways to accomplish that
objective, a composite mission can be developed from several
unique mission profiles (e.g., different routes, different targets).
The composite mission contains as many operations as possible
that are common to the various missions. A mission is composed
of phases, segments, functions, and tasks. Examples of missions
include seeking out and destroying enemy targets and transporting
personnel and cargo from one point to another.

A theoretical construct defined as the point at which an operator’s
attentional resources are so depleted by current task demands that
performance on one or more of the tasks is degraded.

A period of time when one or more component overloads have
occurred. An overload condition is counted each time a change in
the tasks contributing to a component overload occurs. The
number of overioad conditions is computed separately for each
crewmember defined in the mode!.

The percentage of time that an overload condition has nccurred
during a mission segment. The overload density is computed
separately for each crewmember defined in the model.

A value established in the model (the default is 8) that determines
the point at which a component overload occurs. TOSS maintains
an overload threshold for each workload component. Each
component overoad threshold is defined for all crewmembaers in
the model.




PHASE

RANDOM

SEGMENT

SUBSYSTEM

SUBSYSTEM
GROUP

SUBSYSTEM
OVERLOAD

A temporally discrete, uninterruptible, and nonrepeating part of a
mission. A phase is a required, logical part of a mission that may
be accomplished in several ways. Phases must be sequential to
other phases (i.e., they do not occur concurrently) and must be
contiguous. All portions of the mission are encompassed under
one of the mission phases and every phase must be performed to
accomplish the mission. Thus, the mission is composed of a
sequence of phases placed end to end. Phases are composed of
segments, functions, and tasks. Examples of phases include
preflight, departure, en route, and target servicing.

Describes two different aspects of tasks or functions: (a) they may
occur at any time as opposed to a fixed time and (b) they may
occur a variable number of times. In TAWL, random is used in
contrast to fixed.

A temporally discrete, uninterruptible part of a phase. A segment
represents a particular method of accomplishing a part of a phase.
Segments must be sequential to other segments and must be
contiguous. Several segments may represent a variety of methods
used to complete & portion of the phase; thus, every segment
within the phase may not need to be performed to complete the
phase. Segments may be repeated in other phases. Segments
are composed of functions and tasks. Examples of segments
include contour flight and approach.

A collection of mechanical, electrical, or computational equipment
with which a crewmember must interact to perform a function. A
subsystem is a component of a subsystem group. Examples of
subsystems include brakes, hydraulics, and rotor.

Two or more interacting, interrelated, or interdependent
subsystems. Subsystems are maintained in TOSS as parts of
subsystern groups. Examples of subsystem groups include
navigation and flight control.

The number of times that a subsystem is associated with a
component overioad.
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SYSTEM

TASK

WORKLOAD

WORKLOAD
COMPONENT

WORKLOAD
COMPONENT
SPECIFIER

The entire collection of equipment with which a crewmember must
interact to accomplish a mission. Systems are composed of
subsystem groups. Examples of systems include aircraft, tank,
and automobils.

An uninterruptible crew activity that is essential to the successful
completion of a function. The task is the basic element in the
decomposition of a mission. Examples of tasks include adjust CRT
intensity, set collective friction, and control altitude.

The total attentional demand required by all current tasks and
responsibilities of an operator in a system. Attention is assumed to
have several components. Workload is assessed for each
component.

One of several attentiona! resources that can be temporarily
depleted by task demands. L=xamples of workload components
include cognitive, psychomotor, and sensory.

A single character that further categorizes a workload component.
For example, the psychomotor workload component might have
two workload component specifiers, L for left hand and R for right
hand.

94




APPENDIX A

BLANK WORKSHEETS

WORKSHEET PAGE

FUNCTION ANALYSIS WORKSHEET A-2
FUNCTION SUMMARY WORKSHEET A-3
FUNCTION DECISION RULES WORKSHEET A-4
A-5
A-6

SEGMENT SUMMARY WORKSHEET
SEGMENT DECISION RULES WORKSHEET
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APPENDIX B

ExXAMPLE WORKLOAD RATING SCALES

SCALE PAGE
COGNITIVE B-2
VISUAL B-2
AUDITORY B-2
KINESTHETIC B-2
PSYCHOMOTOR B-3
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WORKLOAD COMPONENT SCALES

Scale
Value | Verbal Descriptor
Cognitive
1.0 | Automatic (Simple Association)
1.2 | Altemative Selection
3.7 | SigrvSignal Recognition
4.6 | Evaluationvdudgment (Consider Single Aspect)
5.3 | Encoding/Decoding, Recal!
6.8 EvaluatiorvJudgment (Consider Several Aspects)
7.0 | Estimation, Calculation, Conversion
Visual
1.0 | Visually Register/Detect (Detect Occurrence of image)
3.7 | Visually Discriminate (Detect Visual Differences)
4.0 | Visually Inspect/Check (Discrete Inspection/Static Condition)
5.0 Visually Locate/Align (Selective Orientation)
5.4 | Visually Track/Follow (Maintain Orientation)
5.9 | Visually Read (Symbo')
7.0 | Visually Scan/SearchvMonitor (Continuous/Serial Inspection, Multiple Conditions)
Auditory
1.0 | Detect/Register Sound (Detect Occurrence of Sound)
2.0 Orient to Sound (General Orientation/Attention)
4.2 Orient to Sound (Selective OrientatiorvAttention)
4.3 | Verify Auditory Feedback (Detect Occurrence of Anticipated Sound)
4.9 | Interpret Semantic Content (Speech)
6.6 Discriminate Sound Charactenistics (Detect Auditory Differences)
7.0 Interpret Sound Pattems (Pulse Rates, etc.)

NODPO L b
oNmunw®mooO

Kinesthetic

Detect Discreta Activation of Switch (Toggle, Trigger. Button)

Detect Preset Position or Status of Object

Detect Discrete Adjustment of Switch (Discrete Rotary or Discrete Lever Position)
Detect Serial Movements (Keyboard Entries)

Detect Kinesthetic Cues Contlicting With Visual Cues

Detect Continuous Adjustment of Switches (Rotary Rheostat, Thumbwheel)
Detect Continuous Adjustment of Controls
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WORKLOAD COMPONENT SCALES (continued)

Scale
Value | Verbal Descriptor
"Psychomotor
1.0 | Speech
.2 Discrete Actuation (Button, Toggle, Trigger)
2.6 | Continuous Adjustive (Flight Control, Sensor Control)
4.6 | Manipulative
58 Discrete Adjustive (Rotary, Vertical Thumbwheel, Lever Position)
6.5 Symbolic Production (Writing)
7.0 | Seral Discrete Manipulation (Keyboard Entries)
Night Vision Goggles
1.0 | Visually Register/Detect (Detect Occurrence of image With NVG)
4.8 | Visually Inspect/Check (Discrete IngpectionvStatic Condition) With NVG
5.0 | Visually Discriminate (Detect Visual Differences) With NVG
5.6 | Visually Locate/Align (Selective Orientation) With NVG
6.4 | Visually Tracw/Follow (Maintain Orentation) With NVG
7.0 | Visually ScarvSearch/Monitor (Continuous/Serial Inspection, Multiple Conditions) With NVG
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APPENDIX C

CONVERT VERSION 3 MODELS
TO VERSION 4




INSTRUCTIONS FOR CONVERTING DATA TO TOSS VERSION 4.0

UPDATEA4.EXE is a program to convert workload prediction models developed with
the TOSS software prior to version 4.0 of the software. Several changes have been
incorporated to the software in version 4.0.

If nonstandard file names have been used to store model data, those file names muxt
be renamed to the default prior to conversion. The UPDATE4 program assumaes the
default file names are used to store model data.

Prior to using the UPDATE4 program, please make complete backups of all data files
as well as previous versions of the TOSS software. If all else fails, this backup may
be your only recourse!

To use the UPDATE4.EXE software to convert earlier mode!s and function decision
rule data to version 4.0 data, perform the following steps:

1.  Execute the UPDATE4.EXE proyram by typing “UPDATE4" or answer yes to
the CONVERT VERSION 3 MODELS TO VERSION 4? prompt during TOSS
insiallation.

To execute the UPDATE4.EXE program on a monochrome :nonitor, type
“UPDATE4/m".

This clears the computer screen and asks for a single letter speci‘icaticn of the
disk drive containing the model.

2. Press the letter of the disk drive but do not press the {ENTER] key.
This clears the screen and the program displays a graphical representaiion of
the directory structure of the specified disk drive.

3. Use the arrow keys to highlight the directory that contains the ¢'d v2t5i01 «f the
model. Press the [ENTER] key.

4. Prior to the conversion of the model data, the program promnts for
confirmation.
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If confirmed, the program will convert MODEL.DAT to the new format and
announce the success of the conversion. '

Prior to the conversion of the function decision rules data, UPDATE4 prompts
for confirmation.

TOSS 4.0 no longer supports the interrupts at the task level. Thus, simulations
of models developed under version 3.0 that utilize the interrupt feature of
discrete random tasks will not run the same in version 4.0.

If an interrupt occurs in any discrete random task, the program will beep and
ask if you want to continue the conversion and ignore the interrupt. If you
choose not to continue, the conversion will be aborted and will return you to
the directory structure (Step 3). If you choose to continue, the program will
convert BLDFUN.DAT to the new format and announce the success of the
conversion.

Prior to the conversion of the segment decision rules data, UPDATE4 prompts
for confirmation.

If confirmed, the program will convert BLDSEG.DAT to the new format and
announce the success of the conversion.

Prior to the conversion of the task data base files, UPDATE4 prompts for
confirmation.

If confirmed, the program will convert TASK.DAT, WORKLOAD.DAT, AND SS.DAT to
the new format and announce the success of the conversion.

Prior to the conversion of the function names and segment names files, the
program prompts for confirmation.

The conversion is similar to Step 7.

UPDATEA4 asks if there are any split functione in the function decision rules file.

TOSS 4.0 no longer supports split functions. In the conversion of models from
3.0 to 4.0, UPDATE4 gives each part of a split function a unique function
number and the same name as the original function.

MAKE SURE STEP 8 HAS BEEN COMPLETED BEFORE PERFORMING THIS STEP!
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10.

If there are split functions, you are given the option of leaving the function
numbers the same or renumbering them to be consecutive after the last non-
splitting function number.

By renumbering the split function numbers, you will probably omit a lot of blank
records in the function names file. Furthermore, if you choose to renumber, the
program will also renumber the corresponding function number in your
segment decision rules and function clash pairs files. The renumbering
routine will also produce a text file named CHANGES.LST which lists the old split
function number and its new function number.

If you are not sure if there are any split functions, perform the procedure
anyway. Thase conversions only take a minute and ensures that everything is
converted properly.

To convert another model, repeat Steps 3 through 9; otherwise, press the
[esc] key to exit the program.




APPENDIX D

SIMULATION LOGIC FLOW DIAGRAM

DIAGRAM , PAGE
SIMULATION OVERVIEW D-2
INITIAL LOGIC D-3
FIXED FUNCTIONS D-4
RANDOM FUNCTIONS D-5
CONCLUDING LoaGiIC D-6

FUNCTION INTERRUPTS D-7
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SIMULATION OVERVIEW

This appendix presents a detailed description of the processes and logic used by
the computer during TOSS simulation. A brief summary of the simulation process is
presented below and a flowchart of the process of simulation is presented on the
following five pages. This appendix should provide sufficiently detailed information to
understand the simulation process.

The simulation routine (BLDSEG) performs a loop until all the functions defined in
the segment decision rule have been executed. Each pass through the loop represents
one-half second in segment time. The simulation routine maintains a segment clock
and separate function clocks that determine segment and function completion.

The simulation routine works by building a list of working functions and, for each
function, a list of working tasks. Functions and tasks are added to the working list when
they are ready to be performed. A working function is flagged if it is interrupted by
another working function. A working function or task remains in the working list untif it
has been performed for its entire duration.
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’ (from page D-4 )
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APPENDIX E

EXAMPLE OUTPUT OPTIONS

QOPTION PAGE
SCREEN OUTPUY E- 2
SIMULATION LISTINGS E- 3
NUMERICAL DATA FILE E-11
TASK LISTING E-12




§§§
k
B goes )
% 38838 3 §
. 3 g"".g P %E
; 2 g §§§§5333§ s et
B |
« I S ] }
2 § 3
FEEIETD 3
o "‘.".% E
g3z | Hgezaas @ g
Hs ERIILEIL

E-2




09°C€1 00°l 0€°9 00°0 00°1l O0C°S
09°Z 00°0 00°T 00°0 00°0 001
09°TT ¥00°T 0€°S 00°0 MGO"TU OC°¢
09°Z1 09°Z 00°Z 00°0 00°L 00°1
00°CZ 00°0 00°T 00°0 00°0 00°%
09°01 ¥09°Z 00°T Q0°0 ¥W00"L 00°0
09°CL 00°U 0€°9 00°0 00°U OC°'S
00°Z 00°0 00T 00°0 00°0 001
09°T1 ¥00'T 0€°S 00°0 400"l OC°¢
09°Z1 09°Z 00°Z 00°'0 00°L 00°¥
00°Z 00°0 00°1 00°0 00°0 00°1
09°01 ¥09°Z 00°1 00°0 ¥00"L 00°0

puod 10 IO Asg b0 sYA  uln  pov

0661 ‘02 1equeaoy
U ebeg

iSTVI0] pvoTxaion

oFpPAyY 103ITUON 99
oypny lIoajuvon €@ uotisung G-l
JIery ebyssey 1TEsURIL €1¥

(UOTITUTPIOOD YIPIIY) obesten ITEEURIL 3661
YINRNO

uoyaaurng §°1

IST®I0L pRoTNION

ofpnY I03TUOW 99
OIPAY I0ITUOR €8  vOTIdURY G°
33¥2Q 101300 091

POYSPEIN) XBAOH 3§
Loid

uoyaaung §°{

1STPI0L proTNION

oypny I1037UCH 99
oTpny 103ITUOW (@ uotiIdung 00
1181y ebessan 1wsueIl CIp

(UoTITUTPI0D) XOWIlY) sbessel FTwsuell :¢QY
TINND

yoydung 070

I8RO peOTXION

oypAyY 101TUCH 99
oTpnY I0ITUOW (@ uoTIdUNI 0°0
epnlITIIV [0I3U0) §9

POXSPW(] ISAOH 394
o11d

uotjadung 00

*E205 CWn)
votieubiseq elomey ; 1801 ‘Iuemabebul :eyayl Juswbag
Zy :iaquny 1uvebaeg

TopON UOTI2TPEId PEOTYION Suowdy VI9-HY

SONILST] NOUVINWNIS J

E-3




0661
1 4

0Z°9 0Z°Z 00°Z 000 00't 00°'1
00°Z ©00°0 00°U 00°0 00°0 001
0Z°% d0Z'Z 00°T 00°C ¥OO'U 00°0
09°Z1 09'Z 00°Z 00°0 00°¢L 00°T
00°Z 00°0 00°l 00°0 00°0 00°C
09°01 109°Z 00°U 00°0 700°¢ 00°0
09°€l 00°T O0f£°9 00°C 00°% 0C°S
00°Z 00°0 00°l 00°0 00°0 001
09°T1 ¥00'1 O0E£°S 00°0 ¥00°l OC'¥»
09°Z1 09°Z 00°Z 00°0 00°¢ 00°1
00°Z ©00°0 00"l 00°0 00°0 O00°T
03°01 ¥09°'Z 00°l 00°0 ¥00°¢L 00°'0

PUocd 0 IO Aed Bod e1A  upx  pny

-QN 1 SQUBAON

ebeg

161901 pEOTION

opnY 2031juoN 99
OYPRY JOITUOK 1{§  UOYIdUNI  §°C
YOITAS 19IITESURIL OTPYY 6VSTY 0§9

(UOTIVUTPICOD XO®IIY) sHUEEON ITWSURIL :GGT VOTIDUNY G
WAIANNDO

:eT®I0L poOTYION

oTpnyY X031TUoN 39
OTPNY I03TuUON (@ WOtV §°¢
SPNITITY TO23U05 9¢

PONSWWI) JIBAOH :9¢ UOIIdUNY §°f
10114

:61®30L peoTNIoN

oTpny I01TUOW 99
oypnyY JOojYuol (¢ uoyIdUnyg §°Z
3287y sbessen 1Ymsuezl Cly

(UOTIVUTPIOC) XIWIAY) SHPESEN ITWSURIL :GGL UOTIUNY  §°7
FINNO

:g[Pi0l peoTYIon

1PNy J03TUON 99
oIpayY I01TUoH (9 Lo d EELLL TR ]
3)11g 1013U0) 091

poxswEL)) JaAOH 9¢ uoTIdUNG §*7
10114

“SO85 "W
uojivubyicag 9i0m8y 7 TA0T ‘Auembebuy :8131T7] JueEDeS
2) aequny juswbas

19poH UOTIDTPRI4 PrOIXIoN SYOedY YI9-RVY

E-4

e




00°Z 00°0 00°T 00°0 00°0 0QO°I

00°Z 00°0 00°T 00°0C 00°0 00°1

4 0T 8%y 0Z°S 00°C 00°Se 00°P1 00°1

09°01 €I9°Z 00°1 00°0 800°¢ 00°0

09°S1 €09°Z 00°1 300°S €400°L 00°0

00°Z 00°0 00°l 0Q0°C 00°0 00°I

00°Z 00°0 00°T 00°0 0G0 oOO0°I

00°Z 00°0 0O0°T 000 00°0 00°I

09°Z1 09°Z 00°Z 00°C 00°¢ 00°1

09°01 €09°Z 00°U 00°0 @00°L Q0°0

00°Z 00°0 00°U 00°C 00°0 00°1I

pLod 10 10 ksqg bo)y syA  uTx Py
0661 ‘0Z Iequeaoy
Zt ebegq

iETwI0L pwolxion

oypnyY JIOJITUON 99

OIpNY JOITUON IEQ  UOTIIURG 0°§Z
YINNND

XIA S0 on 23 : (1L0114d) swaisdeqng
:STwI0L PrOTNION
1JerdITY 2TTIQMAS 61
€IUTRIISUOD UT IJRIDITY SOW[4 :GI1 uolIdUN (°62Z
o11J014 BuryswW YcITqPIE] G6€
JRINITY ASWR Z8  vorI”URd  0°SZ
oypay 103ITUON 99

oIpaY Io3jUOM (8 voTIdUnd 0°SZ
10114

1s{w30L peOTNION

CYPOY 201TUON 99

ofpny 101TVON :C8 uoyidung 6°p2
HINNND

:sTPI0L peoryion

3J9I027y IITYIGEIS 61
$IUTRIICUOD UT AJEIDITY B[ §IT UoTIdUNI G HZ
uoyateuRIL
AJRAIITY ASWN 328 UoTIdUNg SN2
oypny 1031UoN 99

OYPAY IOJITUOH (P VOTINNI §°»Z
o114

*E29S W)
uotieubiseq viomey 7 TPOT ‘vewmbebuy :e7111 Juesbes
v 1requyy Jusabes

TopoN UOTIDTPeId prolnion epedy VI9-HV

E-S




E-6

S8l (IN3D0 SYEP] PUR UCTIDUN] SOWTI O ISQENU 841 STTWOPUWY
sa) 1AND30 SYEW] PUP BUCTIDUN] UBYA SXTEOPUWY

uoT IR TWOPUTY
00°6GZ IENEIUTH PROTIaAD
XSd+S02+SIA+NINANY = IR0 :PROTIYION [TPI8AD

uotiwnb3 peorxIaon

00°9 - 20j0m0ydhegd - Aeg
00°8 - sagatuboy - o)
00" 9 - TeRSTA - I
00°9 - IjIASUTE - URR
00°% - K103ipy - poay

sjusuodwo) peoTyIon

voravubiseq sijowsy / Q01 ‘vesabebuy :eT11l iuembes
0661 ‘07 ZequenoN v :1equny Juswbes

9t ebeg 1oPas UOTIDTPEId ProrRicn spwdy VY9-RY




0661 ‘0Z Jequeson
Lz sbeg

0S°91

0z°z
or"9
06°S
00°1
0€"s

xveq

W

69°0
[ 2 4
| 23
(L ]
920°Z

UoTlvIARQ pIPpUNS

(498 ]

9¢°1
(3
w-t
[{ 24"
00°0

UOTIPTAGQ pIwpuels

V8°Z = Laycusq peolisao

0S°¥S = wewbas eyl Ul SPUOIES J0 Jequny

0S°1 = UOTIATPUOD PPOTIGAQ UR UT SPUCISS JO Jequny
€ = SUOTITPUOD PROTISAD JO JequnN T9I0L

LE°01 = PvOTqIon [[PI0A0 uIuwbeg

te-ot [} pROYIog (1®I8A0
oL°0 0 10 0oL d

26y € satatubo)

[} ) 0 Tens A

8S°0 G ArayaIsIuTy

89°€ ° Kaoyypry

RN PROTISAD

YINNND

AU0t = Aaysuaq proriaag

05" 1S = Juswbas Yl UT SPUCOES JO Jequny

9§'S = UOTITHUCD PYOTISAQ UW U SPUOIRS JO JaQWNnN
§ « SUCTITPUOCD PROTIGAD JO JOQENN [®30]

26°17 = POTNION (T*IaAQ usubes

Z6° 11 11 pROIYION [TviI8a0
-z (/] 1030m04y2A8q

60°2 ] saYITUBD)

M0 0 LA AL R Y Y

a1°9 S 2731 IseuTy

00" 1 ] Kzo31pry

USay peoTIanD

101ld

uojivubiseq vi10mey /7 19077 ‘IvesedSebul :eT31TLl Jussbes
Z) :1eqany uewbes

ToPoN UOTIDFPe1g proTyaom eyowdy VI9-BV

E-7




19%0

28

Page

Noveaber 20,

Cog Pay
Mesan SI Mean SI

Maan SI

PILOT (P)
Vis
SI

Aud Kin
st Mean SI Mean

Maan

OL A Time

AB-64A Apache Workload Prediction Model
Segment Title: Engagement, LOBL / Resote Designation

Segmwent Number: 42
A -~ Armament Subsystea

s e e 4 . . * . 4 " e et s s ¢ e ¢ 4 v @ o ¢ e e
° ~ ~ -
-
[ X-X- X X-X-X-1 - L-X-X-X-1 OOHOOOOO - X-X-) o0 OOOOOOGQHO ~Oo000
Y e e s e 0 e (RIS . ] " e . ]
-R-X-N-K-N-N-] [-X-X-X-N- OONOOGQO -N-X-J © o O°°N°°°°N° 2°°°
-X-2-E-N-N-X-1 -E-2-B-X-1 - - X-B-N-X-N-J -X-X-} [~ -] [-X-N--N-N-N-N-N-N-] L X-N-X-]
y e e e 8 e e e e v e * e & 0 0 4 o ® G " e [ N I I « ¢ e
(- - - -] - X-N-N-N-] ComooOOOCO NN [~ -] (- N-N-N-N---N-N-N-] zQQQ
-
~N
[ X XXX -X-X-J OQQGQ GOQQQQQO XK -4 - K- X-N-N-N-N-N-¥_-N-J NOOO
» ¢ o v o o « v s 0 . s ¢ o e v . I e v e
(=R~ N-N-N-N-N-J °°°°° °°N°°°°° [-X-X-] (- -4 [-X-N-N-N-N-R-N-X-N-] ~NO OO
[-N-N-N-N-N-N-] OODOO -N-R N-R-N-N-N-] Qoo - X-] OOOQQOOG'Q [-N-5-2-~)
" e e e & e " « e e e s s s v . . e ] . . e o e s
(-N-N-N- NN OOOOG OO:OQOGD - X-X-J oo OQG&OOOQOﬂ ~O000
-
2 ~
[ - N-N-N-N-] QOOOQ OOmODODODODOO - XK oo - E-E-X-N-N-N-R-N.N-] [-N-N-N-)
" ¢ o ¢ o & @ 4 « + & 0 o 0 0 " e " . e ¢ ¢ e & & & & o 0 ¢ oo e
00000 O QOOGO COoO~NOO0O0OO - N-XJ (- X4 ODOmDOoOOCO~O ~0 00
E-2-E-X-E-X-4 [-X-R-X-N-1 coNOOOOO QOO (- -4 - E-2-E-E-N-E-E-N_ N-J LE-N-N-J
I N s s e 8 e 4 e s s e ¢ e« o s o & o 4 s « oo e
-E-E-2-N-N-N-1 - X-N-X-N-] [-E- A K- 2-N-X-2-J °°° ~X-1 OOOOQOOOHO ~OoO0D0
P e e e 4 0 s e 4 s ¢ v e e 0 s & o » " e " e » ¢« s e e
000000 [-X-N-N-N- [-N-N-N-N-N-N-X-1 OQO X -} oaooeooneo mMooOD
POOOOOO [-E-E-X-X-} [ E-X-X-2-2-X-J 4 - X-X-] - X -4 OQQQOGOOOO NOC OO
" e o e o 0 ] S e e e o o ¢ & ¢ e . ¢ " e 3 « e e
@
CE-E-N-E-N-N-] X N-N-2-] OOOOQOOO GOO - N OQQQQGOQOO 2000
* e s e v 5t v ¢ o 4 s o v s v e s s . o o or
[-N-NX-N-X-N-N-J 20000 OOPOOOOO OOO (- -] OOOQQOOOOO Nnooo
- E-E-X-N-N-5N-J OOOOO [-N-X-X-E-N-X-J-1 -X-X-] X -3 OOOOBOOOOO - X - N2
I g ¢ o 0 & o 0 o s e s v e . o ¢ ¢ ¢
- - - NN OOOOO CO0NOOOOO coe - - 0090000080 oSoo00
~ -
[-N-X-N-N-N-N-] [-R-N-N-N-] [-B-X-R-R-N-N-N-) QOO (- -] OQOOQOOOOO [-X-X-N-]
e o o o o . o 0+ 4 v s s 6 8 s & s . . + e . o e e e
(- - - N-N- -] -X-N-N-N-] -N-N-N-N-N-3-N-J OOO (= - OODHOOOOHO [-N-NiN~]
- N-R-N-N-N-N -] [-X-N-E-K-] oownwooooo -X-X-1 X} GDQQOOOQQO -X-2-]
¢ s s e a1 e e ] * e e e 0 o s ] s s " o 4 0 e
d -~ -t
(-2~ 0N -2 - - - -4 [-B-N-N-X-J [-N-N,N-N-N-N-N-] ooQ [~ X~/ CoQownocooownoe NOOO

ight Forms

.
a

Flight Instnments

FG Gear

Ignition

Air Frame

fB Brakes

Lighting
US Survivability

AFC Fire Control Ccmputer
AGC Gun Control

Safety
uv vi

AL Laser

VEX External Visual Field

EIN Engine Instrusents
VSC Sensor Control

E0 Engine Oil
W) MWavigation Display

NC NRavigation Control
SG Ground Security

ASG Symbol Generator
AN Weapons

E - Engine Subsystem
FC Flight Control
FH Hydraulics
FR Rotor
FT Transaission
UAD Advisory
UAI Anti-Ice
UAP APY
UC Communications
UEL Electrical
UEN Envirommental
VSD Sensor Display
VVD Visual Display

AMC Missile Control
ARC Rocket Control

EF Fuel
EE Engine
NM Maps

BI

FA

FI

S

UF F
UL

F -~ Flight Control Subsystea
N - Ravigation Subsystea

S - Safety Subsystea

U - Utility Subsystes

V - Visual Subsystem
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APPENDIX F

EXAMPLE OUTPUT OF MODEL
DATA BASE

DATA

PAGE

TASK DATA BASE

FUNCTION NAMES

FUNCTION DECISION RULES
SEGMENT NAMES

SEGMENT DECISION RULES
FUNCTION CLASH PAIRS

TASK CROSS-REFERENCE
FUNCTION CROSS-REFERENCE
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APPENDIX G

DBASE FILE STRUCTURES
FOR TOSS DATA
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dBASE File Field| Field Name Type | Width Description

MODEL.DBF 1 | MODELNAME | Character| 66 | Model Name

2 |RANOCCUR | Logical 1 | Controls the number of
occurrences of random
functions and tasks during
simulation

True = Random

False = Fixed

3 |[RANTIMES Logical 1 | Controls the start times of
random functions and
tasks during simulation
True = Random

False = Fixed

MODELOP.DBF | 1 |OP_CODE Character] 1 |Crewmember Code
2 |OP_NAME Character] 8 |Crewmember Name

MODELWL.DBF| 1 [WL_ABBRV Character] 3 | Workioad component

abbreviation (the last
record contains
information about the
workload equation)

2 |WL_NAME Character; 12 | Workload component or
equation name

3 |WLOL_MIN Numeric 7 | Workload component or
equation ovsrioad
threshold

4 | WLSPECS Character| 21 | Workload component
specifiers (not used in the
equation record)

5 1 CONFLICT Character| 20 | Workload component
specifier conflict pairs--up
to 10 pairs (not used in
the equation record)

6 |EQUATION Character| 66 | Workload equation - only
used in the equation (last)
record of file

MODELSS.DBF | 1 | GROUPCODE |Character] 1 | Subsystem group code
(only used at the
beginning of each
subsystem group)
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dBASE File

Field

Field Name

Type

Width

Description

MODELSS.DBF
(continued)

GROUPNAME

Character

30

Subsystem group name
(only used at the
beginning of each
subsystem group)

SSCODEMAX

Numeric

Number of subsystems in
the group - indicates the
number of records
containing the subsystem
information for that group

SS_ABBRV

Character

Subsystem abbreviation

SS_NAME

30

Subsystem name

TASKDB.DBF

NUMBER

Character
f

Numeric

Task number

TASKNAME

Character

66

Task name

WDIN]|=FO ] N

SS1

Character

First subsystem
associated with the task

$82

Character

Second subsystem
associated with the task

SS3

Character

Third subsystem
associated with the task

WL1

Numeric

First workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

SPEC1

Character

Workload specifier for the
first workload rating

WL2

I Numeric

Second workload rating

for the task. Component
is determined by order of
entry in MODELWL.DBF

SPEC2

Character

Workload specifier for the
second workload rating

10

WL3

Numeric

Third workload rating for
the task. Componentis
determined by order of
entry in MODELWL.DBF

11

SPEC3

Character

Workioad specifier for the
third workload rating




dBASE File

Field

Field Name

Type

Width

Description

TASKDB.DBF
(continued)

12

WL4

Numeric

Fourth workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

13

SPEC4

Character

Workload specifier for the
fourth workload rating

14

WLS

Numeric

Fifth workload rating for
the task. Component is
determined by order of

entry in MODELWL.DBF

i5

SPECS

Character

Workload specifier for the
fifth workload rating

16

WL6

Numeric

Sixth workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

17

SPEC6

FUNCTION.DBF

BLOFUN.DBF

FUNCTION

Character

Workload specifier for the
sixth workload rating

Numeric

Function number

NAME

Character

Function name

FIXEDNUM

Numeric

Number of fixed tasks in
the function decision rule
- discrete fixed and
continuous fixed

CONT_RAN

Numeric

Number of continuous
random tasks in the
function decision rule

DIS_RAN

FUNCTION

Numeric

Numeric

Number of discrete
random tasks in the
function decision rule

Function number

TASK

Numeric

Task number - Place all
fixed tasks first, then
continuous random tasks,
followed by discrete
random tasks




dBASE File

Field

Field Name

Type

Width

Description

BLDFUN.DBF
(Continued)

OPERATOR

Numeric

Crewmember for the task
- coded as a number
corresponding to the
order of crew as entered
in MODELOP.DBF

START

Numeric

Task start time

FINISH

Numeric

Task finish time - only
used for discrete random
or continuous rangom
tasks

DURATION

Numeric

Task duration

TIMES

Numeric

Number of occurrences of
the discrete random task -
only used for discrete
random tasks

DIS_FIX

Logical

Indicates class of fixed
task: True = discrete
False = continuous

SEGMENT.DBF

SEGMENT

Numeric

Segment number

NAME

Character

Segment name

FIXEDNUM

Numeric

Number of fixed functions
in the segment decision
rule - discrete fixed and
continuous fixed

RANDOMNUM

Numeric

Number of discrete
random functions in
segment decision rule

BLDSEG.DBF

SEGMENT

Numeric

Segment number

FUNCTION

Numaeric

Function number - Place
all fixed functions first
followed by discrete
random functions

DISCRETE

Logical

Indicates class of fixed
function: True = discrete
False = continuous

| START

Numaric

function start time
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dBASE File Field| Field Name Type | Width Description
BLDSEG.DBF 5 |FINISH Numeric 7 | Function finish time - only
(Continued) used for discrete random
functions
6 | DURATION Numeric 7 | Function duration
7 |FUN2 Numeric 4 | Second function number -
only used for discrate
random functions
8 |DUR2 Numeric 7 | Second duration - only
used for discrete random
functions
9 |TIMES Numeric 3 | Number of occurrences of
the discrete random
function
10 | INTRPT1 Numeric 4 | Interrupt function number
11 {INTRPT2 Numeric 4 | Interrupt function number
12 | INTRPTS3 Numeric 4 | Interrupt function number
13 | INTRPT4 Numeric 4 | Interrupt function number
14 | INTRPTS Numeric 4 | Interrupt function number
15 | INTRPT6 Numcric 4 | Interrupt function number
16 | INTRPT7 Numeric 4 | Interrupt function number
17 | INTRPTS8 Numeric 4 | Interrupt function number
18 | INTRPT9 Numeric 4 |Interrupt function number
19 | INTRPT10 Numeric 4 | Interrupt function number
20 | INTRPT11 Numeric 4 | Interrupt function number
_ , 21 [ INTRPT12 Numeric 4 | interrupt function number
CLASHES.DBF 1 T FUNCTION1 Numeric 4 | First function numberin
clash pair
2 |FUNCTION2 | Numeric 4 | Second function number
in clash pair
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Please provide us with comments and suggestions about TOSS

Chief

USARI Aviation R&D Activity
ATTN: PERIKIR

Fort Rucker, AL 36362-5354

Name, Date:.

Organization;

Street;

City, State, Zip:

Telephone;

Comments:




