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INTRODUCTION

Many methods and models have evolved in recent years with the- ob-
jective to improve our ability to predict and measure workload, based on
the desire to assure operators can perform all tasks as required. With
this evolution has come a better recognition of differences in need,
language has become more precisely defined and there now is less confusion
of concepts and purpose than 10 years ago. There is now a wide assortment
of workload "tools" with widely varying degrees of
complexity. Additionally, more attention is being given to whether the
tools measure what they purport to measure, and whether the variety of
tools now proposed actually do measure the same thing.

However, there is need for an increasing recognition of the
designer's requirement to use workload evaluation results quite early for
design diagnosties...to identify specific interfaces for attention in a
given design approach, even in preliminary design. Even the earliest
decisions are often too far reaching in impact to neglect an early
appraisal...the simplest of time lines have been known to expose
significant system problems. Furthermore, early and effective design
integration of solutions is becoming more critical as systems become more
and more complex, in order to avoid major change late in the design cycle
for seemingly simple issues. Many of the tools that have emerged are
unable to support this need.

Finally, a new issue is emerging as our ability to automate system

Operations improves. We need methods to appraise and control the
consequences of underload as well as overload, and to produce accepted
definitions of the upper and lower load limits - the "red lines" for

marginal crew performance conditions.

¥ Originally released as Boeing Document D180-31116-1
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Thus, although the reasons have changed, early and quantitatively
defendable predictions of crew workload remains one of the most important
issues for crew station design and development. In the past, the main
interest was to avoid hardware changes late in the design-development
cycle. Now, we keep hearing that it is "only" software. But consider the
software nightmare that we face. There will be major issues to resolve in
system and information integration, information management and display-
control formatting, and in turn major workload questions as we attack the
problem of comprehending and integrating: (a) an explosion of information
associated with more sophisticated systems (b) a complex information
network, and (c) complicated information integration display requirements.
We need early simple-to-apply tools for this phase that set us up to
transition to use of other tools as appropriate.

This paper reports the results of a continuing effort in the use of a
timeline technique for workload prediction. It summarizes an evolution of
our approach to timeline analysis and prediction (TLAP), and diagnostic
applications. It presents methods to isolate the causes of high demand
load conditions, including cause factors in peak load conditions and
demand loads imposed by operation of each individual subsystem. it
includes an approach to appraising cognitive workload as done in the past,
and one using a new analytic technique. Efforts to demonstrate validity
have been conducted and validation data are presented. Also, data 1is
presented that demonstrates the degree to which results from use of the
other tools correlate with this technique.

BACKGROUND AND PROBLEM SUMMARY

In cockpit design, we continue to emphasize the need for and use of
an analytic predictive tool as a metric for workload evaluation. This is
a critical aspect of our need to appraise workload before costly design,
subsystem developments and cockpit integration have been committed. The
cost of changes late in development is a major issue, but it is not until
then that system development has progressed to the point where the context
of the scenario can be realistically simulated for use of many of the
other techniques now being proposed. Accordingly, we want to be able to
forecast the effects of given design concepts and resolve related issues
before spending extensive time and resources to design, develop and test

such concepts.

In order to accomplish such objectives, typically, we want to compare
new design concepts with existing designs in order to confirm that they
are equal or better in terms of crew workload demands. This is especially
important if major changes in design concept are being considered.
Results of analyses at this level will provide an overall appraisal of
relative workload for a new design concept.

However, the new design may feature areas of excessive workload. In
turn, then, one of our strongest needs is for workload diagnostic tech-
niques. In recent literature, there has been a lot of attention given to
overall workload prediction and measurement, but little heed has been paid
to techniques for resolving workload problems, once found., If there is a
workload problem, how can it be resolved? The ability to identify heavy
contributors to out-of-bounds conditions remains one of the major issues

for the whole field of workload techniques. If a technique does not help .
to identify and focus on specific issues for resolving workload problems, .
it is not very useful to the designer. You've told him "There's a needle

in the haystack somewhere. Go find it." So now, he has to redesign his
concepts and needs to focus where the higher payoffs are indicated.

eliminate the problem. The more gquantitative and defendable, the better.
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1f the problem is a workload peak, it should be made readily possible to
jdentify the specific procedures, tasks or subsystems involved, and in
turn possible solutions in the form of reallocation, redesign or both.

The point is, by the time a new airplane gets to the point where
mission simulations and evaluations required for realistic use of many of
the new tools can be made with a high level of confidence, a great number
of design decisions, developments and subcontracts will have been made
that go far beyond the cockpit in their impact. In fact, a great deal of
interdisciplinary integration is involved in modern vehicles; a few of the
areas impacted are sensors, avionies systems, details of subsystem design
and levels of automation. As design and development progresses, the
degrees of freedom for the cockpit designer become less and less until a
late change of any consequence has a far reaching impact that is unaccept-
able. So we want to commence a new system with tools that can be used
from the very early stages and proceed through design and development with
increasing confidence that workload is manageable over the wide variety of
circumstances that are of concern and will be demonstrated to be so in
acceptance and certification testing.

We face, potentially, an explosion of information management
problems, with greater attentlon to automation concepts. Such issues will
become much more complex in the near future and workload management on our
part will become more difficult. It is unlikely that we will change our
requirements for pilot situation awareness and control, in order to assure
he can monitor status and provide active and backup modes of operation as
required. However, with new systems information management and flight
management requirements, we can expect more extensive use of automation,
expert system and artificial intelligence techniques as well as new
approaches to information integration and display formatting in cockpit
management. Adaptability and/or compatibility of our methodology with
this part of the future should become part of our criteria for the
workload tools of today.

More recently, another question is becoming relevant that was of
little concern in the past. In the past, we have emphasized the need to
minimize workload. With the old dials and gages, combined with limited
technological ability to automate, we wanted to minimize workload. Now
that we can better integrate and automate the display-control design,
there is an increasing concern about the possibility of too little work-
load. Complacency and boredom could become increasingly important factors
in cockpit operation, Accordingly, our metries must feature the
capability to establish upper and lower bounds for workload. Workload
management to assure that pilot can readily accommodate surprises and that
he will remain alert in a heavily automated system is a serious issue for
the near future.

By now it should be clear that we feel a strong need for predictive,
diagnostic and viable analytic tools. We also have a continuing interest
in empirical performance measurement techniques. The reasons are two
fold: (1) Our predictions must eventually be demonstrated in test.
{2) There should be a correlation between empirical technigues and the
predictive approach. If high correlations exist, predictive design and
development tools can be used with greater confidence that they lead us
down the right path.

TECHNICAL DISCUSSION
This section of this report presents an approach for timeline analy-

sis and prediction (TLAP) of workload, and for diagnostic applications of
the technique. The approach is based on time required to perform a task
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vs. time available within the task seguence. To clarify any misconcep-
tions from past presentations, a step by step evolution of the techniques
will be presented, with results as appropriate. Approaches for using this
tool for workload diagnostics will be described. Techniques that have
been applied to estimate the more elusive parameter---cognition---will
also be discussed. Finally, data representing how robust this technique
is for its purpose will be presented, including validation data and the
degree to which other techniques have been found to correlate with it.
Finally, discussion will address selected technological challenges that

remain to be exploited.

Timeline Analysis, Prediction and Diagnosis

Timeline Analysis as an approach to workload evaluation started many
years ago as a simple, manually developed layout of a task sequence on a
timeline. This was then appraised for whether tasks could be performed
within the time available, for stimulus-response compatibility and dis-
parity, for any equipment performance characteristies that could impact
completion of a given task series and for the ability to complete the task

in time.

This approach to workload analysis has now progressed to a far more

sophisticated level. While original features are still evident, data
details and processing methodology has changed and application features
have grown. Accordingly, and in order to minimize misconceptions about

the context herein, an elaboration of the present approach and how it is
used will be presented.

The first step in evolving the timeline based workload analysis is to
develop a generic mission scenario for a typical flight, including major
worst-case conditions. The scenario defines flight segments, altitudes,
speeds, key events, typical operations requirements and both normal and
degraded modes of operation. Constraints of operation, environmental
variations, timing considerations and particularly eritical situations are
all outlined, and representative variations in the mission are also
identified and injected into this generic scenario. The key objective is
to develop a generic mission definition that encompasses all conditions
and thus avoid oversights. The resulting scenario may be brief, serving
as the baseline for an extensive task definition. Alternatively, it may
be very extensive and detailed in which case it provides much of the
structure for systems selection and detailing of the task definition.

In turn, the scenario is used to develop a detailed task definition
and sequence. Given a scenario and a candidate cockpit configuration,
operations procedures and specific display-control operation requirements
are identified. Most typically, this is accomplished for both a baseline
airplane with existing display-control concepts as a point of departure
and for the new cockpit concept under development. This permits appraisal
of worklocad on a relative rather than an absolute basis, for a higher

level of confidence in the result.

Personal experience has demonstrated that the most convenient way to
organize the task requirements is to construct a timeline that relates the
display-control operations to the scenario and 1its key events as
illustrated in figure 1. This can and has been done at varying levels of
detailed definition depending on the level of cockpit definition. The
main issue is to define when tasks have to occur, and when related
sequencing must start in order to complete on time. This format is
relatively easy for an analyst to develop and can become increasingly
detailed as task analysis continues. It also provides a convenient
outline for defining and inputting detailed data into the computer, as
well as a checkpoint of the computer results against input data.

50



UNSHIFTED

MIS3ION -

™MISSION TIMELINE
FROM TETTLA FiBE
TEST CAR3E

CONF IGURA TION
FLIGHT PHASE -

- CONFIG. A

EMNG START AND TAXI

JuN 1, 1987

CREUMEMBER - CAPTAIM
EVEMT/PROCEDURE OR TASK DUR
CODE TASK DESCRIPTION (SECY TIME IN SECONDS
12R001 SET EMG MASTER SW 7
S60AT012 VIEW THROUGH CRMOPY 2.00 {1
sooAcoo2 EMG MASTER Sw 1.90 [}
12m002 SET JFS HANDLE v
BOOATO03 IFS Sw 1.40 [ |
B800ACO04 JIFS HANDLE 1.80 —
127003 SET R, THROTTLE FING v
ER LIFT
800ATOOE JFS READY LT 2.20 —
800ACO0E R. THROTTLE FINGER 2.30 [awun |
LIFT
SET R. THROTTLE v
TTORICOT R. RP™M IND 2.30 (e
73 R. THROTTLE 2.80 —
SET R. GEM. 3W 7
77OAYO07 R. RPM IND 2.30 [
T7OATIOUY R, EGT IND 2.00 [ ]
77OAT010 R. DIL PRESS IND 2. 00 [
7708I011 R. FUEL FLOW IMD 2.00 o}
240FCO14 R, GEN SW 2.10 [
120006 SET L. THROTTLE FING v
ER LIFT
240FI013 EMER BST LT 2.20 [ ]
660AT012 VIEW THROUGH CAMOPY 2.00 [
BOOACOIE L, THROTTLE FIMGER 2.60 [
LIFT
12A007 SET L. THROTTLE v
770AI016 L. RPM IND 2.30 —
730ACO17 L. THROTTLE 2.90 —
12A008 SET L. GEMN. SW v
7TOAIOLE L. RPM IND 2.30 —_
77OATOL8 L. EGT IND z.20
770ATIOLS L. OIL PRESS IMD 2.20
7708I020 L. FUEL FLOW IMD 2.00 [
240FCO21 L. GEN Sw 2.30 [ |
L N N N 2 L s 2 N
Q.9 190.9 20.9 30.9 40.0 50.0 60.90
@ Figure 1, Timeline Definition Format




Other task characteristies that might be relevant can also be
treated. These tasks that must be performed at a critical time can be
identified. Those that can be slipped for earlier or later performance
can also be defined. If tasks must b€ performed in a given seguence, this
toqg can be specified. Other variations are feasible; many. have been
explored over the years, including task performance probabilities and task
performance time variations (e.g., standard deviations).

The timeline is then further refined. Our development of timeline
analysis recognizes that humans can do more than one thing at a time. For
example, in driving a car, one processes visual and auditory information,
makes decisions, steers, and operates the accelerator, brake (and
clutch)---discrete, parallel, sequential and coordinated tasks are per-
formed as an integrated network of responses. We use a human performance
channel allocation scheme to handle such variations. This 1involves
defining which aspects of a task are performed by vision (internal, ex-
ternal), hands (right, 1left), feet (right, 1left), audition (hearing,
speech) and cognition. (This part can be automated if we have a data bank
of task performance times and a definition of display-control task
demands. For first use, derivation is manual. For initial application,
the sources of data for estimating task performance times include infor-
mation scattered through the 1literature, time and motion methods,
appraisals in mockups, and simulation. Once in the data base, the task
requirement is catalogued for future use.)

Most performance times are straight forward. However, cognitive
workload has been another issue. Analyst estimates have been used by some
analysts, but more quantitative approaches exist. One evolved from a
flight test program some years ago wherein a consistent quirk was indica-
ted in eye movement data. Pilots would look at a display, then there
would be a pause before they took action. The action could be clearly
related to the presented information, suggesting that processing was in-
volved. This processing time came to be accepted as demonstrating cogni-
tive operations. Furthermore, the pause time was essentially a constant
percentage of task performance time. This relationship became the basis
for a more quantitative estimate of cognitive workload in our approach.
More recently, another estimating technique based on information theory
has been developed. This latter technique will be discussed in a later
portion of this paper.

At this point, data is ready for final computation and processing.
By inspection, it can be determined if any task conflicts exist, in terms
of conflicting or incompatible demands (like rubbing the head and patting
the stomach at the same time). Processing through the computer produces a
series of plots and reports for appraising workload demand and for de-
tecting and diagnosing problem areas.

Workload estimates are produced by solving the equation:

T . :
WL = Rﬁf’ _ Time Required - xx%

- Time Available

over small increments of time {(in order to avoid a leveling effect).
Processing produces a percent workload figure which can be plotted over
time to produce a workload time history, as is illustrated in figure 2. '
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Figure 2. Example of Workload Time History Profile as Produced by TLAP




Referring to figure 2, an limit factor can be set in that is used as
a cut-off for peak workload considerations. In between this case, the
cut-off is 80%, which is that level of time demand where pilots have been
observed to start dropping tasks in order to continue performing at a self
imposed acceptable level, perhaps to allow for between-task transition
time. For purposes of this paper, the 80% time might be considered to be
the fully loaded condition.

As peaks exceeding the 80% time occur (or whatever limit might be
chosen), diagnostics to determine the cause of the workload excesses are
in order. There are several alternatives available to the analyst for

this purpose.

o First, the task timeline (figure 1) for the particular time period
can be inspected in detail for those tasks and events that cause the
peaks. Analysis of attendant situations and conditions will provide
necessary insights as to cause factors and alternative approaches.

a Second, a task sliding feature might be applied to determine if an
artifact is present---if an analytic allocatlon requires performance
at unduly stringent times and thus would be averted by a pilot in a
real life condition. Some discretion may be desirable in interpre-
tation here, to assume that the task sliding feature is reasonable.

o Third, a subsystem utilization feature can be used. Since the task
time line involves given subsystems, the computer can accumulate the
record of subsystem interface operations to produce a subsystems
"time demand" summary, and can rank order the demand summary to
facilitate diagnosties. This feature is illustrated in figure 3.
The figure clearly illustrates where the heaviest demand loads exist
and where the highest payoff could be attained in terms of design
changes. Of course, it may be as convenient to automate some
monotonous and 1less critical chore that applies throughout the
mission (such as subsystem monitoring) to lower the overall workload

level.

Other characteristics may also be of interest, such as the degree of
variability in demands placed on a channel---it may be desirable to narrow
the range of variability in demand for some channel in order to control a
widely varying demand. Figure Y4 illustrates a one sigma estimate of
demand variability for each performance capability group for a mission
segment. Casual inspection suggests there might be an advantage to
reappraising the visual task allocations and making some adjustments in
design. Admittedly, this is seldom feasible in practice, but the diag-~
nostic implications are evident.

In overview, then, each of the diagnostic techniques offers a
straight forward approach to supportable recommendations for changing
procedures or design, or even for reallocating the tasks assigned to the
crewmen,

Cognition
One of the most difficult components of workload to include in anyﬂ
analytic assessment technique is the cognitive component. Most early:

analytic techniques either ignored the cognitive factor and concentrated:
on the physical parameters or considered cognition as an all or non€.
component. Newer techniques attempted to get at the variable nature Of§
cognition. i

il i i
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One method used within Boeing and currently being used for a joint
'ﬁSAF/FAA program investigating workload assessment techniques uses a de-
yice complexity score as a basis for estimating cognitive workload. The
device complexity score is based upon the information content of the
yossible states that the device presents; it is derived using the concepts
of Information Theory. Information has been defined as the number of
pinary digits (BITS) into which an event can be encoded depending upon the
number of alternatives it presents (figure 5). In this context, each
display (i.e. gage, dial, flight display, etc.) is encoded based on the
numerical units that have to be used. Each control is also encoded
depending upon the number of choices (alternatives) that it enables.
procedure complexity is then equal to the sum of device complexity scores
for all steps of a procedure. Summing device complexity scores could thus
produce a figure representing total subsystem control complexity, i.e.,

complexity =Ibi
i
where bi is the individual complexity score

and cognition = IBi
i

where Bi is the corresponding cognitive workload score in seconds,
from the equation

Bi 0.27216 + 0.12456 bi if bi ¢ 8 bits, or

n

Bi 0.27216 + 0.22968 bi if bi > 8 bits

tt

This technique 1inciudes information processing in the workload
analysis as a major component of cognitive work. The advantages of this
type of approach are that it: provides a common measure for relating the
workload associated with different control and display devices; helps
avoid the limitations associated with simply summing the numbers of
devices; permits numerical evaluations to be made between different
methods of interfacing a system or procedure with the crew. The cog-
nition score for the timeline analysis is based upon the procedure com-
plexity score and the communication channel time.

Timeline Robustnuess: Validation and Reliability Considerations

Although it 1is convenient to think of people as experiencing a
similar level of workload in response to a set of fixed task demands (e.g.
an average workload level), "constant" workload levels are not necessarily
constant due to the individual nature of each persons actions. Certainly,
many questions could be asked about the magnitude and influence of
individual differences; these are typically resolved by allowing for
variability in analyses and confirming the allowance in simulation.
However, the current objective of the assessment task is to detect
differences in workload levels, identify excessive peak loads and proceed
into diagnosis and resolution. Manufacturers also need to assure that
techniques to be used reliably discriminate between high and low levels of
workload in order to make general conclusions. A brief discussion of
Status regarding some of the key questions is in order.

There are many types of validity, each affecting the ultimate
usefulness and acceptability of the analytic technique. The questions to
be answered are whether the timeline analysis technique really predicts
what it says it predicts and how does its output relate to the actual
workload being experienced in the procedures being followed by the crew?
The most direct way to establish the answer to the first question is to
berform the timeline analysis and then validate it by taking data in a
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flight test program. This was the method of choice for the Boeing 757 and
767 airplane programs. The results from these test programs indicate that
the timeline analysis can accurately predict (with greater than 90 percent
accuracy) the flight data for all phases of flight. Thus the technique is
predicting what it says it is predicting. The second question is much
more difficult to answer; discussion follows.

The Boeing Company teamed with Douglas Aircraft Company to work a
program sponsored jointly by the U.S. Air Force and the Federal Aviation
Administration to evaluate workload assessment techniques (Boucek, et al,
1987). One of the comparisons that was made in this study was the corre-
lation between the predicted task loading (generated by timeline analysis)
and the results of objective (physiological measures and secondary task
performance) and subjective (NASA's TLX and USAF SWAT) measurement
techniques. The purpose of this correlation analysis was to evaluate how
much the workload scores overlap. If workload assessment techniques have
been shown to be valid and reliable and they do not correlate with each
other, then they are thought to be assessing different aspects of work-

load.

The results of this analysis show that the timeline data has not only
consistent internal correlations but also interpretable correlations with
the other assessment data (see figure 6). The results of the internal
TLAP comparisons indicated that the visual channel data correlated well
with everything (manval left .74, manual right .64, auditory .55, and
cognitive .65) except the verbal channel. The manual channel data did not
correlate with any other scale except the visual channel. Verbal and
auditory channels were highly correlated (.78). Finally, the cognitive
channel was highly correlated with the visual (.65), auditory (.85) and
verbal (.65) channels. ’

The results of the comparison of the timeline data with the data from
the other assessment techniques indicate that: the average inter-beat
interval for the heart was correlated with the visual (-.55), manual left
{-.64) and manual right (-.56) channels; the standard deviation for the
interbeat interval correlated with the right manual (.54) channel. The
Mulder Spectral Analysis Blood Pressure component correlates with the
visual (.91) and the cognitive (.66) components. Wheel and column inputs
correlate with the manual right (.55, .60) and the pedal inputs with the
manual 1left (.59). Both of the subjective scales correlate with the
verbal channel (SWAT .51, TLX .63). Finally, the accuracy of the response
to the probe in the secondary task correlates with the manual right
(.51),auditory (.51) and cognitive (.55).

SUMMARY &ND CONCLUSIONS

This paper presents a progress report on use of Timeline Analysis and
Prediction (TLAP) methods for workload analysis and diagnosis. it
addresses questions that have been posed for the timeline approach to-
workload and demonstrates the credibility of the approach.

The report includes an outline of the approach and rationale to using
timeline analysis as a cockpit development tool. The tool is adaptable in
that it can be used in stages factored to the level of system definition.
It can progress from a relatively simple level early in cockpit design
when preliminary estimates might be all that are available, to very.
sophisticated levels with detailed design. A step by step procedure was
described and methods of use were discussed. Approaches for incorporating
cognition in a timeline framework were presented for further use and
exploration. Validation experience was summarized, as was the extent
which other techniques correlated with applications of the tool.
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Examples

Definition

Device complexity is the number 90 2 1o Instrument Reading
of binary digits required to encode

. : 80 20
the possible number of alternatives Number of
associated with the device 70 30 Afternatives — Range
60 40 . (0.5)(Scale Unit)
50 Device 10
Complexity = Log, ———— = 4.35 bits
2(0.5)(1)
Rotary Discrete Control
Selector
Switch
. . Number of
Device Complexity = Alternatives = 5
Log, (Number of Alternatives) bits i
Device

Complexity = Log, (5) = 2.32 bits

Figure 5. Timeline fAnalysis Device Complexity Measure
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Visual Manleft  Manright Verbal Auditory Cognitive

a)
VISUAL 1.00 T4 .64 .10 .55 .65
MANLEFT - 1.00 .28 ~.01 .25 42
MANRIGHT - - 1.00 .21 .38 .49
VERBAL -~ - - 1.00 .18 65
AUDITORY - - - - 1.00 .85
COGNITION - - - ~ - 1.00
b o o e e e e e o e + —— —— s e e —— ]
b) Visual Manleft  Manright Verbal Auditory Cognitive
HRM -.55 ~.64 -.56 AT It -.02
HRSD .14 .10 .54 -.13 -.13 -.31
APB -.91 -.87 -.39 -.04 -4y -.66
ARS -.05 .12 .32 .M -.08 -.26
EBK -1 -.03 1 -.39 -.47 -. 42
WHL .34 .36 .55 .09 .15 -.01
STK .38 43 .60 -.13 -.07 -.12
PDL .54 .59 .39 -.47 ~.30 -.04
SWAT .04 .05 .49 51 21 .20
TLX -.02 .03 Jb4o .63 .28 .25
STRT -.39 -4 14 .03 -.13 -.32
STRT% .48 .19 .51 .3 .51 .55
| Correlations greater *.50 are inbold.
Legend Task Channels Legend Task Channels
Visual Eyes Verbal Spoken Communication
Manleft Manual Left Hand Tasks Auditory Listening
Manright Manual Right Hand Tasks Cognitive Cognitive Tasks
Legend
HRM Average Inter-beat Interval
HRSD Standard Deviation for the Average Inter-beat Interval
APB Mulder Spectral Analysis Blood Pressure Component f{rom
Heart Rate
ARS guéder Spectral Analysis Respiration Component from Heart
ate
EBK Eye Blinks per Minute
WHL Wheel Control Inputs per Minute
STK Stick Control Inputs per Minute
PDL Pedal Control Inputs per Minute
SWAT Subjective Workload Assessment Technique
TLX NASA Task Load Index
STRT Secondary Task Reaction Time
STRT% Probe Accuracy to Positive Probes for the Secondary Task
Figure 6. Correlation Matrices for the TLAP Variables:
(a) Internally, and (b) with Other Methods
60
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Both intra-tool correlations and correlations of results from ap-
ing other tools in the same context were encouraging. Magnitudes and
s were sufficiently consistent to warrant continued refinement and
- of this tool. There was a very high degree of predictive accuracy
pared to actual flight data and a respectable set of correlations
ween TLAP predictions and measurements using interbeat heartrate

W
erval, the Mulder Blood Pressure Spectral Analysis, SWAT, and secondary

sk techniques.

in overview, then, continued research and development has led to
neficial refinements in the timeline approach to workload analysis, and
demonstrated that the method is quite robust. It is a realistic, useful
tool that has a large and growing experience base. It is useful early in
design when data may be fragmentary and is easily adaptable as system
éhanges oceur. Continued evolution and refinement is warranted.

However, foreseeable changes in our work-a-day requirements will
require that this and all other techniques be continually reexamined in
the context of fast changing technology and issues. It will become more
and more important for all techniques to be adaptable to this new
~environment in order to continue to produce diagnostic workload
information. Experience to date with TLAP indicates that it has this
capability.
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