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The relative importance of non-productive time allowances
in the billet determination process was evaluated by means
of a sensitivity analysis. 1In this analysis, the sensi-
tivity of billet requirements to errors in the non-produc-
tive time allowance was determined and compared with the
sensitivity ot these requirements to errors in the work-
load/manpower determination processes. Appropriate con-
clusions were drawn on the basis of the findings genecratel
during the study.

Findings

During the course of the study, it was noted that all
personnel aboard ship receive a non-productive time allow-
ance, i.e., time off for personal needs, rest, etc., in one

| form or another. The problem of concern was to determine

f when it should e taken into account in determining billet
‘ requirements. Study of this problem led to the conclusion
[ that the allowance should be taken into account when the
time taken off results in a requirement for additional man-
power {Section V).

Three categories of billets were considered when exam-
ining the impact of the non-productive time allowance: (a)
watch stations, (b) service billets, and (c) bulk task
billets. Watch station hillets are those generated in
response to the ROC (Required Operational Capability). The
occupants perform assigned functions during scheduled time
periods.

The concept of a service billet is new and was developed
for the purpose of identifying support billets whose
occupants also perform assigned functions during scheduled
time periods. For example, cooks in the galley usually
fall into this category. Service billets are similar to
the watch station billets. Like the watch stander, occu-
pants of service billets normally "guard" or occupy a
position.

The concept of a bulk task billet is also new. This '
type of billet was defined for the purposes of identifying I
work such as facility maintenance, etc., where the presence
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of the occupant is required only when actual work must be
performed. The primary difference between the service and
bulk task billets is that the latter does not involve a
guarded position (Section V).

Findings of the study indicate that as a general rule
only the allowance granted to occupants of bulk task bhillets
must be compensated by additional manpower. Time off
granted to watch standers and occupants of service billets
usually does not result in a requirement for additional
personnel. The opposite is true in the case of the bulk
task billet. Work not accomplished as a result of time
taken off remains to be done and usually requires additional
personnel to perform it (Section V).

An analysis, based on a sample of 12 ships, indicates
that the non-productive time allowance has a relatively
minor impact on billet requirements, even though it is now
granted to occupants of service billets (Section V). An
analysis of the DD 938 which took the service billet into
account shows that only 4 out of 295 enlisted billets
could be saved by completely eliminating the present 20/
allowance. This finding stems from the fact that billet
requirements are dominated by watch stations, NEC require-
ments and other constraints (Section VII).

Billet requirements were found to be approximately six
times more sensitive to errors in that portion of the billet
determination process dealing with workload/mwanpower require-
ments than to errors in the non-productive time allowance.
This led to the conclusion that improved methods need to bhe
developed for determining workload and manpower require-
ments before an extensive effort is devoted to increasing
the accuracy of the allowance (Section V).

The non-productive time allowance consists of three
primary elements, i.e., personal, fatigue and delay compo-
nents. Industrial experience indicates that a 57 personal
allowance is adequate (Section IV). It was concluded that
further research to improve the accuracy of this component
is not warranted. In contrast, the present values of both




the fatigue and delay allowance components arc open to
question (Section VII and Appendix B). The application of
the experimental methodoloqgy for determining fatique allow-
ances to the DD 938 showed the distribution of fatigque allow-

ance requirements to be bimodal. A constant fatique allow-
ance, such as that presently used, provides some personnel
with more time off than needed. Others are granted too

little., Completion of the development of the experimental
methodologv is warranted by the need for its use as a
management tool to improve the efficiency of personnel
utilization albward ship (Section VI).

Because of the severe motion environment, the present
5. delay allowance component may be too small. This
finding is based on an analysis which indicates that severe
sea state conditions occur with a frequency greater than
57 (Appendix B). Numerous naval personnel when questioned
about the problem agreed that a point 1s reached with in-
creasing sea state where all non-essential work aboard the
smaller ships ceases. Such work stoppage constitutes an
unavoidable delay and should be taken into account in deter-
mining allowance requirements.

The use of the term "productive allowance" to describe
the allowance granted to compensate for non-productive time
associated with the shipboard workload is a misnomer. It
is actually a non-productive time allowance (NPTA) and should
be so designated (Appendix E).

Conclusions

1. Because of the dominant influence of watch station,
service billet, NEC and other requirements, non-productive
time allowances have little impact on billet requirements.
Complete elimination of the allowance would result in only

a minor reduction in billet requirements (Sections V and VII).

2. Primary emphasis needs to be given to the developnent

of second generation improvements in the billet determina-
tion process. There is an immediate need to modify the
process so that it will discriminate between support bhillets
that should receive an allowance and those that should not.
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Longer term efforts should emphasize improvements in the
workload/manpower requirements portion of the billet deter-
mination process (Sections Vv, VIT, VIIT).

3. A 57 personal allowance is adeguate. IlPurther study of
this component is not required (Section TV).

4. Application of the experimental methodology for deter-
mining fatigue allowance requirements for ships indicates
that the present constant allowance 1is inadequate. Innprove-
ments are reguired to satisfy the needs of shiphoard person-
nel. l'urther development of the experimental methodology
should be undertaken to provide the tools needed to deter-
mine fatigue allowance requirements (Sections VI and VI1).

5. The delay allowance component may be inadequate, par-
ticularly in the case ot the smaller ships. Further study
should be conducted to fix its value (Appendix B).

6. The allowance gra ted for non-productive time associated
with shipboard workloads should be designated by the term

non-productive time allowance (Appendix L),

Recommendations

1. Research programs are recommended to accomplish the
following objectives:

(a) Development of second generation improvements to
the billet determination process (Sections Vv, VII,
VITI)

(b) nevelopment and validation of the experimental
methodology for determining fatigue allowances
(Section VI)

(c) Development of required values for the delay
allowance (Appendix B)

2. It is recommended that the allowances granted for non-
productive time associated with shipboard workloads be
designated as a non-productive time allowance, i.e., as an
NPTA {(Appendix L[).
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I. INTRODUCTION

This study was undertaken to determine the need for
and feasibility of developing and applying more accurate
allowances to account for the non-productive time associ-
ated with shipboard workloads. The concern is with the time
lost in satisfying personal needs, recovering from fatigue
and encountering unavoidable delays. At present the allow-
ance consists of a constant 2J% assessment which is applied
to support functions of the ship without regard for the
nature of the work assignment or degree of task difficulty.

The constant 20% allowance is used only for the purpose
of accounting for non-productive periods in the workday and
is not a time allowance granted to shipboard personnel.
Rather, it serves as an indication that non-productive time
does occur and must be accounted for as part of the billet
determination process.

To demonstrate the need for more accurate allowances
for non-productive time, one must show that the present
allowance leads to an excess or shortage of manpower aboard
ship or to an improper distribution of manpower. To
establish the feasibility of developing and applying more
accurate allowances, one must show that the cost of
developing and applying the new allowances is reasonable
in light of the benefits to be obtained.

The objective of the program of study was accomplished
by means of a combination of analytical and empirical
investigations. A survey of the more recent literature in
the field was conducted. Visits were made to a number of
industrial plants and agencies which have been active in
the field. The manpower impact of the present 20% allowance
was evaluated. An experimental method of establishing
fatigue allowances was then employed to estimate allowance
requirements for a selected ship. A comparison was made
between the manpower impact of the new versus that of the
existing methodology. The results of this comparison are
employed in developing the final conclusions to this report.
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II. BACKGROUND

As employed in the development of ship manning documents,
the "productive" allowance factor consists of a constant
20% applied to what has been termed basic productive hours.
Such hours are defined to be those devoted to equipment and
facility maintenance, administrative support, utility tasks
and certain evolutions, Time spent at watch stations is
not included under basic productive hours. Work performed
by watch personnel in the support areas (outside of watch
standing hours), however, is included.

The logic used in arrivina at the 20% allowance,
according to reference (a), proceeds as follows: Allowances
aranted by industry for personal needs and rest to recover
from fatiaue generally vary from 10% for light tasks to 20%
for more difficult tasks. Ar intermediate value of 15% was
selected as the most appropriate rate to apply across-the-
hoard to ships. An allowance of 5% was added to account
for time _ost due to unavoidable interruptions.

In preparing the &MD, the minimum watches or stations
arc¢ determined on the basis of the required cperational
capability, ship cenfiguration and operating procedures.
Preventive maintenance (PM) requirements are obtained from
MIP's (maintenance index pages) for shipboard equipment.

A make ready/put away allowance of 30 percent is added to
the MIP requirements. Corrective maintenance (CM) require-
ments are computed as a ratio of the PM requirements. The
ratio is either 1:1 or 1:2, PM to CM, depending upon thec
type of eguipment involved.

A number of different procedures are used in deter-
mining the requirement for other types of work. The mo:
frequently used procedure is activity sampling. However,
activity sampling covers only actual work beina accom-
plished during the sampling period. Other essential wo
must be taken into account. Therefore, activity samplin»
normally supplemented by records checks, and personal
interviews.

The procedures of primary interest are those used in det !~
mining the minimum qualitative and quantitative billet
requirements_ for work centers or divisions. As a first sty
reference (L), all rate/NEC requirements are listed in

order of seniority. Work requirements by category, i.e.




watch stations, PM, CM, etc., are then listed in hours for
each rate/NEC. Since watch station requirements are
dominant, billets corresponding to rate and NEC are allocated

first to the watch stations. Essential or minimum condition I

stations are next added. Additional hours are then assigned
to these billets from other work categories as necessary

to £ill out the work week. Work remaining after the assign-
ment of functions to watch station billets is assigned to
non-watch billets.

The normal workweek of the watch stander is 74 hours.
It consists of 56 hours of watch, 11.25 hours of pro-
ductive work in one or more of the support areas*, a
"productive" allowance of 2.25 hours and a service diversion
and training allowance of 4.5 hours. 1In the case of the
non-watch stander, the workweek is 66 hours and consists of
50 hours of productive work, a "nroductive" allowance of
10 hours and a service diversion and training allowance of
6 hours.

* Note: Occasionally the number of hours spent on watch is
increased in lieu of an assignment to a support
task.
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l ITI. APPROACH

| In developing the approach to be followed in conducting
the present studv and in answering cuestions posed in
reference (b), certain fundamental requirements had to be
taken into account. First of all, the auestion of a proper
designation or name for the allowance had to be addressed.
The term "productive" allowance is a misnomer, since the
function of the allowance is to account for non-productive
time. Therefore, in the present report it is referred to
as a non-productive time allowance. The prcblem of a name
for the allowance is discussed further in Appendix [.

Hext, the need for more accurate allowances had to be
investigated. This involved making an attempt to deter-
mine: (1) The amount of savings or increases in billet
¢ reauirements that could be exrected to result from emplov-

f ing more accurate allowances, (2) the extent to which
imbalances occur in the distribution of manpower aboard

shir as a result of the present constant allowance, and (3)
the possibility that the present constant allowance con-
tributes to poor retention and morale ahoard ship as a result
of inadecuacies in the allovance. T1f a need for more accurate
allowances were demonstrated, one had to determine if the
benefits obtained justify the cost of developina and applvina
the new allowances.

Steps taken in meetinag these reaquirements included:

l. A survey of recent literaturc in the field
(identified hy means of bhibliographies in-
cluded as a part of recent significant publi-
cations) to determine how industry treats the
problem of allowances (Appendix C and Section 1V).

2. Visits to key indvstries and agc: o discuss
the problem of allowances with th xperts
(Section IV and Appendix F).

3. A critical examination of the billet determination
process to determine the validity of the present
method of generating billet reguirements (Section V).

s

4. An analysis of a representative sample of SMD's !
to determine the manpover impact of the present '
allowance (Section V).




8.

An analysis of the sensitivity of manpower
requirements to errors in the billet
determination process, including errors in
determining the allowance (Section V),

Investigation of an experimental methodology
to compute allowances (Sections VI and VII).

Development of findings and conclusions
relative to the need for and feasibility of
developing and employing more accurate
allowances (Sections VIII and IX).

Preparation of a final report.

In addition to the above steps, a number of studies
were conducted in order to answer questions posed by
OP-01B(2). These studies are reported in appendices A
through E. Significant findings relating to the primary
objective of the basic study are reported in the Summary.

LN i
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IV. NON-PRODUCTIVE TIME ALLOWANCES IN INDUSTRY AND OTHER
ORGANIZATIONS

As a part of the effort to improve or develop alterna-
tives to the present constant allocwance employed in SMD
development, a brief survey of the literature deating with
personal, fatigue and delay allowances in industry and
other agencies was undertaken. It was found that techniques
in use for establishing such allowances are highly sub-
jective and are by no means standardized. One company may
depend upon the observations and judgements of a single
expert, using one or two workers as subjects Another may
depend upon tables of allowances in general 1 e for typical
tasks. Still others may grant morning and afternoon rest
periods of 10 to 15 minutes each.

Although general agreement is lacking as to the vest
techniques to use in determining allowances, most companies
do agree on the factors giving rise to a need for an
allowance. These are personal time, fatigue and unavoid-
able delays. Personal time is that granted to a worker for
the satisfaction of his personal needs. According to
reference (c¢) the amount of personal time varies more with
the individual than with the type of work. However, the
author concedes that more personal time is needed when the
work is heavy and done under unfavorable conditions, parti-
cularly a hot humid atmosphere. Reference (c) goes on to
state that for light work where the operator works 8 hours
per day without organized rest periods, 2 to 5 percent per
day is all that a worker needs. !

It is in the development of the fatigue allowance that
most disagreements arise. Much has been done in the well-
managed plant in this country to eliminate fatigue. Many
engineers believe that fatigue is of such little conse-
quence that 1.0 allowance at all is required, except for
jobs which involve heavy physical exertion. The problem
of setting an allowance for such jobs is complicated by the
fact that no easy-to-use and accurate measure of fatique
has been developed for the industrial engineer to use. The
problem is perhaps best placed in focus by reference (d)
which states that "Many well-known engineers and corpora-
tions have acceded to the fact that fatigue is a factor of .




production. They use a flat percentage on all operations
to exonerate themselves in saying that fatigue has been
considered."

It was mentioned earlier that some companies employ
various approaches to arrive at allowances which they
consider to be satisfactory. One such chart from referencec
(c) is reproduced in Figure 1. The percentages listed in
the figure cover both personal and fatigue allowances.

This particular ccmpanv was involved primarily in handling
and hand-truck operations.

An attempt is made in industry to compensate for delays
which are considered unavoidable. These include delays
caused by equipment breakdown, operators or ocutside forces.
Delay allowances normally are determined individually for
each tyvpe of work by means of a study of the work in
question. Such studies had their origin in the work con-
ducted by ¥. W. Taylor late in the 19th Century. His work
was motivated by the realization that hefore work standards
can be accurately set for cost purposes, wage incentives,
etc., allowances must be made for delays incidental to the
;erformance of the work.

Ore method which is frequently used today to determine
delay allowances is called the ratio-delay study (Reference
e). It is quite similar to work or activity sampling.

A large number of observations are taken of a machine
operation and a record is kept of whether the machine is
operating or not. The percentage number of readings that
record the machine as working tends to equal the per-
centage time it actmally is in that state., The cause of
delays in each case are determined and reccrded. Those that
are unavoidable are used in establishing the delay allowance.

Visits and/or contacts were made to a number of in-
dustrial plants and agencies to discuss the development and
use of non-productive time allowances. The most elaborate
program encountered in this area was at the Eastman Kodak
plant in Rochester, New York. The approach used in deter-
mining allowances and in assessing the physical demands of
various jobs is significantly more objective than that
cncountered to date in the literature. A worker's physical
effort is determined by measuring his heart and
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HANDLE TJO-POUND CONTAINERS FROM SKID WAIST-HIGH O SHOULDER=HIGH STACK,

HANDLE ©0=PO.'ND CONTAINERS FROM SKhiD WAIST=HIGH TO SHOULDER=HIGH STACK.
PULL LOADED 4-wHEEL TRUCK UNDER NORMAL CONDITIONS, (GROSS WEIGHT, 2500 PounDs,
WHEEL DIAMETER, 1| INCHES,)

UP=END ROSIN BARREL WEIGHIN%S 900 PounDs GRﬁSS. (fwo mMEN) )
SHOVEL SALT FROM OPEN=END THUCK TO KETILE 40 I1NCHES HIGH (SHOVEL WEIGHT, © POUNDS

SALT WEIGHT, 20 POUNDS,)
WALKING ON LEVEL CARRYING 9 POUNDS ON SHOULDER,

PUSH LOADED WHEELBARROW, (WEIGHT oF MATERIAL, 350 POUNDS.)
PUSH LOADED 4-wHEEL TRucK. (GRoSS WEIGHT, 2000 POunDS; WHEEL DIAMETER, !l incHES,)

HANDLE ©05)=POUND CONTAINERS FROM SKID WAIST=HIGH To R,R, CAR KNEE HIGH,

Ha:DLE BO-POUND CONTAINERS FROM SKID WAIST-HIGH TO SHOULDER-HIGH STACK.
HANDLE 05=POUND CONTAINERS FROM SKID WAIST=!IIGH TO KNEE=HIGH STACK,

LSE PICK WEIGHING ) POUNDS 1O LOOSEN NEW SALT it h,R, CAR,
PAINT SMOOTH CEILING FhOM STEP=LADDER USING A 4=INCH BRUSH,

HANDLE H0=PO ND CONTAINEKS FROM WAIST-HIGH SLIDE TO SKID,
P LL LOADED hewHEEL iRUCK, ((ihOSS WEIGHT, 1’00 POUNDS; WHEEL DIAMEIER, | [NCHES,)

VVET=MOP RO.uH COLCHETE FLOOR,

DRY=-MOP RO GH CONCKETE FLOOR,

AW A YELLOW PINE =" x 4" ACROSS GRAIN,

HANDLE 30-POUND CONTAINERS FROM WAIST=HIGH SLIDE TO SKID,

P.LL LOADED UY-wHEEL TRUCK, (GROSS WEIGHT, 1000 POuUNDS; WHEEL OIAMETER, LI 1
WET=MOP WOODEN FLOOR IN GOOD CONDITION,

DORY=MOP WOODEN FLOOR |IN GOOD CONDITION,

S5CKAPE DIRT FROM WOODEN FLOOK IN GOOD CONDITION, (HANDLE ¢F SCRAPER UC 1r.l1iLn . .

BLADE O. INCHES WIDE,) )
WALKING ON LEVEL CARRYING 25 POUNDS,

OWEEP ROUGH CONCRETE FLOOR,
HANDLE 20=-POUND CONTAINERS FROM WAIST=HIGH SLIDE TO SKID,

DRY AND POLISH WINDOW WITH RAG, WORKING FROM INSIDE,

FORM AND STITCH FIBER CONTAINERS,
SWEEP A WOODEN FLOOK IN GOOD CONDI1ION,

WASH WINDOW WITH WET KAG OF SPONGE, WORKING FROM INSIDE,
PuLL EMPTY lU-wHEEL TRuCK. (WEIGHT, 400 POUNDS; WHEEL DIAMETER, |) (NCHES)

OPERATE TYPEWRITER,
WIPE TOP OF DESK OR TABLE TO REMOVE DuST,

CuT STRINGS ON BUNDLES OF CONTAINERS,

WALK DOWN STEPS,
STAMP SAMPLE TAGS, .

WALKING ON LEVEL UNOBSTRUCTED,
RECORD DATA,

MAKE PHONE CALL

Figure 1: Personal and Fatigue Allowance
Used in Industry
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oxygen consumption rate. These measures are then related
to the worker's maximum capacity. If the criterion levels
for excessive exertion are exceeded on either of the two
measures, a more detailed study of the job is undertaken
to determine if (1) specific aspects of the job are parti-
cularly taxing, (2) environmental factors are contributing
significantly to fatigue, and (3) changes in the work pro-
cedures can alleviate the fatigue. Where it is not possible
to change the work situation sufficiently to bring the
oxygen consumption and heart rate levels within acceptable
limits, longer or more frequent rest pauses are introduced
to permit sufficient recovery from the work.

A number of interesting conclusions have been reached
by Eastman Kodak in the course of their studies, including
the following:

1. It is not possible to accurately assess the effort
required in the performance of a job by even the most
careful observation. Subjective estimates of physical
difficulty of jobs can be so erroneous, even when made by
highly trained observers, that they have been abandoned in
favor of obb. :tive methods.

2. High ambient temperatures have a great effect on
heart rate: very little activity is required at high
temperatures to produce an excessive heart rate.

3. The factors that significantly affect the effort ﬂ
(and fatigue) on a job include the amount of heavy
physical work involved, the mwbient heat and humidity,
the degree of arm motion reguircd, and the static muscle
loading necessary.

It is relatively easy according to Eastman Kodak to
measure heart rate and oxygen consumption levels without
interfering with the worker's normal work activities.
Heart rate can be monitored on an FM receiver by strapping
a smal. (about 8 oz.) transmitter to the worker's belt and i
attaching two electrodes to his chest. Alternately, his
heart beats can be stored on a miniaturized tape recorder d
for later replay. Oxygen consumvtion is sampled only a
few times (when there is a major change in tasks being
performed) since it is a more stable physiological measure

10




and because it is permissible to combine the readings
taken throughout the day to obtain an average rate. Such
manipulation is incorrect for heart rates unless there is
very little fluctuation throughout the day.

At the Westinghouse Electric Corporation in Pittsburgh,
it was found that a 5 percent personal allowance only is
granted for "measured daywork". The assumption is made
that fatigue does not exist to any significant extent and
that what there is has been incorporated into the time
standard. Delays are considered to be the foreman's
responsibility and no allowance is provided.

At the IBM production plant at Manassas, Virginia, the
allowance consists of a 15 minute break midway in the
morning work period and another in the afternoon. Standards
have been developed and are employed to determine work out-
put rates, etc.

A visit was also made to the Defense Supply Agency
whi 1 has approximatcly 50,000 cmployees cf which 627 are
covered by enginecring standards. A constant 12% allowance
‘= normally aranted for personal needs and rest. This
allowance may he varied hetween the limits of 12 and 15%
by lower level management without justification. However,
written justification with definitive criteria is required
if it is desired to deviate either above or belcw these
limits.

The Air Force includes in its work center manning
standards appropriate allowances for personal needs, rest
and unavoidable delays (reference (f)). A standard personal
and rest (T&R) allowance of 6.96 minutes for each productive
hour or 11.6% is used for most work centers. This standard
allowance fcr personal needs and rest cannot be exceeded
without full justification and advance approval from HQ
USAF .

welay is entered into the allowance factor only when it
is fully justified as unavoidable delay. An inclusion of
delay must be accompanied by a detailed explanation showi' «
the basis and computations used in deriving the magnitud.
of the delay.

(RSP Y




As a general rule the Air Force permits allowances to
be included for personal needs, rest and unavoidable delay
only when the productive time value has been derived in
a manner that definitely limits that value to purely pro-
ductive time.

12




V. ANALYSIS OF THE APPLICATION AND IMPACYT OF THE PRESENT
NON-PRODUCTIVE TIME ALLOWANCE

In conducting the analysis reported in this section,
the objective was tc critically examine the present apprcach
used in applying the "productivity" allowance in order to
determine the validity and impact of the process. As was
mentioned earlier, the present approach separates shiploard
functions into two categories, i.e., watch stations and non-
watch or productive work. The constant 20% allowance is
applied across-the-board to work falling in the second
category.

In making the examination, two requirements were of
primary concern. The first was the need to determine if
the allowauce is being properly applied to shipboard tasks.
The second was to establish the impact of the allowance
upon billet requirements. Since the allowvance is applied
only to non-watch tasks, its impact in terms cf rpercent of
total manpower, obviously, is ornlv a fract:on of the
allowance itself,

A. Present Application of the Allowarce

In conducting the analvsis it was re~oanized that all
shipboard personnel, irrespective of the catecory into which
their pillet falls, reauire time off on occasion for personal
needs, rest, etc. The time off agranted for the satisfaction
of these needs actually constitutes a non-productive time
allowance (NPTA). The problem of concern was tc determine
just when this allowance should be taken into account 1n
determining billet requirements. The writers recached the
conclusion after evaluating the situation that the allowance
should be taken into account in determinina bhillet recuire-
ments, 1f the time taken off leads to one of the followina:

l. A requirement for additional manpower to perform
the functions of the billet while the occupant 1s absent
from his workplace.

2. A requirement for additicnal manpower to perform
work not accomplished as a result of the occupant's beinag
given time away from his workplace.

3. A requirement for the occupant to work a siani-
ficant amount of time beyond his normal work week in crder
to complete tasks not performed as the result o time taken
off.

13



Further analysis of the problem of determining when
the allowance should be taken into account led the writers
to conclude that three primary types of billets exist
aboard ship. These are watch station, service and bulk
task billets. Fach of these billets is discussed below,

1. Watch Station Billet

In the case of watch station bhillets which at
present do not receive an allowance, one needs to determine
if the time taken off leads to one of the above reauire-
ments. The conclusion must be affirmative, i.e., it must
be taken into account, if it leads to a requirement for
additional relief manpower. A watchstander may be relieved
by supervisory personnel, or in certain instances it may
be feasible for a watch stander at an adjacent station to
time share his attention for a short period between his own
station and that of the occupant requirina relief. 1In this
event, additional manpower is not required and the allow-
ance need not be taken into account in determining billet
requirements.

In certain situations, e.g., where extreme environ-
mental conditions are encountered, a reguirement may arise
for relief personnel. The number of relief personnel
required is established by the magnitude of the allowance,
i.e., the amount of time required away from the station,
and by the number of watch standers requiring formal relief.
Therefore, if a requirement arises for relief personnel, an
evaluation of the watch tasks reaquiring such personnel to
establish the magnitude of the reauired allowance would
hbe relevant.

2. Service Billet

In examining the non-watch billets, it became
apparent that these billets should he classified into two
sub-categories. The first has been designated as the
service billet; the second as the bulk task billet. The
characteristics of the service billet are auite similar to
those of the watch station. Such billets require the
occupants to perform a function on a continuous basis over
specified periods of time. The service billet may bhe found
in any of the support areas. For example, it mav ke the
billet of yeoman who handles administrative matters in one of
the ship's offices, answers the telephone and areets visitors.
It may be that of cook who works a given schedule, a store-
keeper who mans a storeroom or a medical technician who
serves in the sick bay. In other words, the occupants of a
service billet may be thought of as "guarding" a position.

14
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The requirement for taking the non-productive time
allowance into account, in the case of a service billet,
arises essentially in the same way as it does for a watch
stander. If additional personnel must be employed in order
to provide the necessary relief, then the allowance is
relevant and should be taken into account. The "productive"
allowance is now being applied across-the-board in gene-
rating the service billets. Therefore, the emphasis on use
of the allowance changes somewhat. One must conclude that
unless formal relief personnel are reauired, the allowance
shovld not be taken into account. It is believed that only
rarely will an allowance be relevant to the service billet.

3. Bulk Task Billet

The dominant characteristic of the bulk task is that
it requires the presence of a worker only when there is work
to be done. Such work includes many preventive and cor-
rective maintenance functions, facility maintenance, utility
tasks and certain administrative support functions. Time
taken off from this type of work for the satisfaction of
personal needs, rest, etc., serves to increase total task
time, and thus to increase the man hours required for task
completion. Therefore, the allowance is relevant to the
bulk task and should be taken into account in determining
billet requirements.

4. Essential Points

The essential points made in the analysis of when
to apply the non-productive time (or "productive") allowance
may be summarized as follows:

a. A formal allowance appears to he relevant to
watch tasks if formal relief personnel are util.zed.

b. An allowance is not relevant to service billets
where the time off for personal needs, fatiaue, etc. does
not require the use of formal relief personnel.

c. The allowance is relevant to bulk task billets,.

B. Manpower Impact of the Present Non-Productive Time
Allowance

1. Assessment of manpower impact

An initial step taken in determining the need €for
and feasibility of developing and applying more accurate

15
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allowances was to investigate the manpower impact of the
present allowance. This was accomplished in the present
study by selecting a representative sample of SMD's for
analysis and determining that portion of the total billets
which may be attributed to the allowance. The SMD's
included in the selected sample are listed in Table 1.
Ground rules used in the analysis to determine the impact
of the allowances are listed below.

a. Personnel with condition III assignments are
essential to the operation of the ship. Therefore, billets
established for such assignments cannot be eliminated from
the ship's allowance by increasing the number of hours
worked by personnel filling other billets.

b. Personnel with condition I assignments are
also essential to the operation of the ship. Such billets
can be considered for elimination only if the condition
I assignment can be transferred to other personnel.

c. Assignments are transferrable to the same or
higher rates but not to lower rates.

d. Cross utilization of personnel takes place
within departments on all ships except CVA's where it is
assumed to take place within divisions.

e. Because of NEC and organizational requirements,
equipment maintenance and administrative support tasks are
assumed to be reassignable only within the immediate enlisted
chain of command.

f. Tasks requiring specified NEC's are reassign-
able only to other personnel having the same NEC.

g. A billet cannot be eliminated unless a suffi-
cient number of man hours are available within the work
week of remaining personnel to accomplish the billet's
functions and thereby permit reassignment of the work.

16




TABLE 1

Ship Classes Included in Sample

Class
AO0-22
DD-931 (ASW Mod)
LST-1179
LCC-19
DD-710 (FRAM)
DDG-2
AE-26
MS0-422
DE-1033
cG-10
CVA-63

DLG-6

17

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

OPNAV

SMD

10 -

10 -

10 -

10 -

10 -

10 -

10 -

10 -

10 -

10 -

10 -

10 -

p21

P57

P49

P72

P77

P66

P78

P71

P80

P48

P67

P58




In conducting the analysis, a determination was
made initially of the manpower impact of the 20% allowance
on billet requirements for each ship. The resulting values
were averaged to obtain the mean manpower impact on the
sample as a whole. A determination was then made of the
manpower impact of 5, 10 and 15% constant allowances. The
results were used to construct the relationship shown in
Figure 2 be:ween value of the allowance and number of
billets added.

A review of Figure 2 shows that the 20 percent
allowance actually has a manpower (billet) impact of
approximately five percent or less. This is not surprising
when it is considered that approximately 87% of the total
billets analyzed involve condition III or non-transferrable
condition I assignments. An approximately linear relation-
ship is exhibited between tlie manpower (billet) impact and
size of the allowances as the value of the allowance de-
creases.

One additional constraint, that imposed by the
service billet, is not reflected in the figure. 1t is
believed that in most cases the service billet 1s also an
essential billet which cannot be eliminated, even if the
value of the allowance were reduced to zero. It is not at
this time known just how much the taking into eccount of the
service billet will change the relationship in Figure 2.

L Lot

Obviously, it will tend to reduce the impact of the allowance.

Further analysis is necessary to determine how much. Un-
fortunately, insufficient information is provided in the
SMD's to enable service billets to be identified.

The service billets were identified by the writers
for a single ship, the DD 938 which was visited during
the course of the study. A dramatic reduction in the
impact of the non-productive time allowances was found.
The findings resulting from the shipboard visit are reported
in Section V11,

C. Analysis of the Present Billet Determination Process

As will be shown later, one should not invest a great

deal of time and money in maximizing accuracy of the allowance

18
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unless a comparable degree of accuracy in determining work-
load/billet requirements has already been achieved. The
present billet determination process was examined with this
requirement in mind. A number of limitations were found
which tend to make the process inaccurate. These are
identified and discussed below.

l. Preventive Maintenance (PM)

Preventive maintenance and associated manninag regquire-
ments corresponding to the equipments on board “he siip
are obtained from MIP's developed by the 3-M System. Thesc
cover essentially the "nuts and bolts" aspects of the
maintenance functions. An additional allowance of 30. Is
added to cover make ready/put away operations. Billet
requirements are developed on the basis of the MIP data
plus the 30% allowance.

An evaluation of the accuracy of data proviced Ty to
3-M System has not been made by the wrirters. Therelore,
comments relative to its accuracy cannot be mrade. The use

of the 30% make ready/put away allowance, nowever, 1s open
to question. It may be a good averaze value, hut one must
recognize that fromr a statistical point-of-view the worn-

load/manpower requirements generated on the bhasis of thic
allowance are too little in S50% of the cases and too larce
in the case of the remaining 50). 1f these errors cancel
out or compensate for each other, billet requirements for
this ship as a whole may not be aftfected. There can Le no
assurance, however, that this will occur. ™Make ready/put
away reguirements may be minimal for one ship, and in this
event an excess of M billet requirements would be allocatel.
In the case of the older ships which ha'e underaone numerou
sodifications, the opposite may be truc, i.e , inake ready
put away work requirements may be excessive, and too teow
billets allocated. From the standvoint of etficient utiliza-
tion of manpower, both situations are undesiralkle.

2. Corrective Maintenance (CM)

Corrective maintenance requirements are estimated by
applying the ratio of 1 hour of CM for eca-h twc hours of IM,
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except in the case of maintenance performed by ET's and
certain FT's where a ratio of 1:1, CM to PM is applied.
The ratio is applied to PM after the 30V make ready/put
away allowance has been added. For example, 1 hour of

PM taken from MIP equates to 1.3 hours of CM,

The use of this ratio suffers from somewhat the same
tations as the 30% make ready/put away allowance. At
t it can be considered as providing gross approximations
to actual billet requirements.

3. Facility Maintenance, Utility Tasl.s, and Administra-
tive Support

Functions coming under the heading of facility
maintenance, utility tasks and administrative support are
evaluated by means of activity sampling, supplemented hy
analytical estimation, records checks, personal interviews,
time observations, etc. Activity sampling as used 1in the
biilet determination process provides a record of the
activities of personnel on board one ship during the survey
period. It does not discriminate between esscntial and
unessential workx, nor does 1t take into account the pace
at which the worx is performed. Other methods used such
as analytical estimation, records check, personal interview,
time observations, etc., are subject to the bias, etc. of
the observer/analyst and to that of the personnel inter-
viewed. Because of the approximate nature of these methods,
one cannot expect the results obtained by one survey crew
and a given ship to be repeated by a second survey crew
and another ship of the same class. Furthermnre, /.ny
method having such limitations must be considered as a
fertile source of errors.

The way work is assigned to billets must also ke
considered as a negative element which contributes to the
difficulty one encounters in attempting to determine
the accuracy with which billets have been determined. A
single billet may be assigned work in as many as five
different categories. The analysts makinag the assignment
do 1ot expect the work actually to be accomplished in this
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manner. Apparently, an attempt is made only to match billets
and man-hour requirements. Since schedule problems have

not been taken into account, one cannot determine on the
basis of an inspection if the work can actually be accom-
plished by the assigned personnel nor can one determine

the degree of accuracy which has been obtained.

D. Sensitivity of Billet Requirements to Errors in the
Non-Productive Time Allowance

It is reasonable to assume that if the sensitivity of
billet requirements to errors in the non-productive time
allowance is low, one should not spend a great deal of
time and money in developing more accurate non-productive
time allowances. To investigate this contention, assume
that the non-productive time allowance is a constant
20 percent of productive working hours. Let this allow-
ance be denoted by the symbol, K. Also assume that

X = the number of required basic productive
hours in the workweek of a non-watch
stander.

XK = the number of hours per week reguired
as an allowance

A = the number of hours of service diversion
allowance (6 hours).

A = 6 hours

W = total number of hours in the standard
workweek.

Since the workweek is made up of the components X,
XK and A,

Then, W

X+ XK + A
For K = 20%,

12 X+ 0.2X + 6 = 1.2X + 6

Now, assume thit the error occurs in determining the
value of X, the basic productive hours. Also, fci the time

22



being, assume that the error in K = 20% is equal to zero.
Under these assumptions, and neglecting the constant A,
one obtains the work component error relationship in
figure 3.

Next, assume that the error in X, the work component,
is equal to zero and that the error in K, the allowance,
varies from 0 to 50 percent from the nominal value of 0.2.
This gives the allowance component error relationship in
figure 3. It turns out that for the same percentage error
in both components, the impact on total workweek error is
six times greater in the case of the work component that
it is for the allowance component. This can be demonstrated
mathematically as follows:

Let
E; = etfect of error in X
Eo) = effect of error in K
e; = percent error in X
e, = percent error in K

Neglecting A,

E] = e]X + KelX (2)
Ez = ezl(x (3)
El = e1X + KejX = e; + Key (4)
/
E2 e2KX e2K

For K = 0.2 1
E] = 1.2e¢; (5)

Ep 0,2e3

If e, = ey,

then
E, = 1.2 =
it (6)
E, =02 1

23




g uth. -

i E SO 5 e
My { i N L
g ; 5 FR S EE : <SP 0 PO et
¥ 1 . ; - . . : - R IR
. . . H . i pree T LS . i g
” 1 . .~ . .- »

. -2
2 2. .
=N I Lo (o
> 5
2o B
= 4 |
[ Sa joo] — &
Loa PANERN ~ S B i T T
. ) §
o8 =] )
| I ! :
< C o 5
oW Tt L Reo R T |
¥ i . iy
= PR | o 5
2 Lo 1 ]
[Sst : | : R
m R
i ¢ - -
be. . [l SOOI - 5|
[ 9 e § ool g
Tl 23 s | ) -
T B e | el s
P R} : by
(PO . T
o o 1 R
: o SRR AL

-
|
!

: i : .
| ©: . 5 8y X fel Cimm -
T L T~ D T R <ttt TR
P A A = e $oarhe 2

i i i - A 4 i & i

.

I
i

._. i

H N " ¥ a i E
e 1] [~ s =i Ry 1 FR R . — - |
u & e ] £l -

if
i
b

s li) TUIXX wSdhnum (e30L ” P

BoocogesF e S I OB s oo o

1anw




Equation (6) shows that if the mean allowance is 20%, effort
expended in improving the accuracy of the work component

has a six-times greater payoff than does the effort expended
to achieve the same percentage improvement in the accuracy
of the allowance.

It can also be seen from eauation (2) that an error in
the work component introduces an equivalent error in the
allowance component, i.e., e] in eauation (2) is in both
terms on the right hand side of the eauation. Thus, a
given mercent imrrovement in K, can he comnletelv canceled
out by an error in the work comnonent.

The above analvsis leads one to the conclusion that
unless considerable accuracv has alreadv heen achieved in
the work component, there is little to be gained insofar
as billet requirements are crncerned in expending a great
deal of effort to improve the accuracy of the allowance

component.
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VI. INVESTIGATION OF NEW METHODOLOGY FOR DETERMINING
FATIGUE ALLOWANCES

As was mentioned earlier, the non-productive time allow-
ance is made of three primary components: personal, fatigue
and delay allowances. The use of a 5% personal allowance
was believed to be sufficiently well established so as not
to require further study. The delay allowance is treated
in appendix B and discussed in section VII.

The most serious problem of allowances is concerned with
fatigue. Consequently, it is the subject of primarv interest
in this section and in Section VII which follows.

A. The Experimental Methodology

The experimenta. methodology employed in assessing faticue
allowance requirements in the present study is based upon an
approach outlined in reference (g). It consists essentially
of the following elements.

1. A listing of the significant parameters affecting
the level of fatique incurred by a worker in the
performance of his assigned task.

2. A breakdown of the overall range of values taken
by each of these parameters into four discrete
categories or levels, including appropriate
descriptive criteria covering each cateagory.

3. An assignment of relative scale values to each
parameter and paramater level.

4. A listing of fatigue allowances as a function of ranae
of points accumulated by each task being analyzed.

A total of ten parameters were listed in refe.ence a which
affect lerel of fatigue. These, however, include only para-
meters of “ne work environment which affect workers on a station-
ary work platform who put in an eight-hour per day, five-day
week. Based on the analyses reported in appendices B, C and
D, four additional parameters should be added to take into

account the shipboard environment. These include:

Type of ship

Length of the workday
Length of the workweek.
Vibration

& W N~

Type of ship is highly relevant, inasmuch as the motion
environment is largely a function of ship type. Since per-
sonnel on board ship work both a longer workdey and work-
week than the eight-hour per day and five-day week of the
industrial worker, these two parameters must be included
and taken into account. Vibration will be encountered
occasionally on board ship and for this reason is in-
cluded.
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The 14 parameters have been separated into four cate-
gories or levels each and listed in the boxes in table 2.
Those taken from reference (g) have been so identified. The
categories listed under type of ship were established by
the following procedure: Ships currently in the fleet were
identified by means of reference (h!. Ship configuration
parameters which tend to determine ship motion for each class
were then obtained from reference (i), i.e., length of ship,
beam and draft. Experienced naval personnel were then
requested to separate the various classes of ships into four
categories corresponding to relative stablility of each type
of ship. Only those classes containing a number of ships
or the larger ships were included. The results of this
classification process are shown in box 6 in table 2.
Vibration levels listed in box 7 are based on reference (7).

The scale of values corresponding to each parameter
and parameter category arc listed in table 3. Those values
for the ten parameters taken from reference (g) are listed
as given in the reference. Values for type of ship, length
of workday and lenath of workweek were set by the writers
on the basis of a subjective evaluation of the impact on
worker fatigue. In making this etaluation, the values taken
from reference (g) for the other ten parameters were considered
as a base. The estimated values for the four additional
parameters are relative to this base.

The fatigue allowances listed in table 4 were also
taken from reference (g). To use the table, one proceeds as

follows:

1. Identify the task to be evaluated in terms of the
14 parameters listed in table 2.

2. Select the proper level relative to this task
for each parameter using table 2.

(€8]
.

Enter table 3 and select the scale value for
each parameter and level. Add the values for
the various parameters to obtain a total.

4. Enter table 4 with this total and select the
range interval within which it falls.

5. Read off the fatigue allowance.

A worksheet for conducting this process is listed in
figure 4.

28



N S S T SO o A

The values included in the total for type of ship,
length of workday, length of workweek and vibration, have
the effect of increasing the fatigue allowance above the
value that would be granted for the same task if performed
ashore using an eight-hour day and five-day week. This is
considered to be warranted. These four parameters are
additional fatigue-inducing factors and should, therefore,
have the effect of increasing the required magnitude of the
fatigue allowance.

B. Accuracy and Validity Considerations

No claim is made in reference (g) relative to the accuracy
of the methodology outlined above. Rather the statement is
made that it will ensure greater precision than heretofore
has been obtained. 1In other words, two analysts using this
approach have a reasonably high probability of coming up
_ with the same value for the fatique allowance. Cornman, the
F author of reference (g), feels that this in itself is a

significant advance in the state-of-the-art of assessing
fatigue allowances.

The problem of accuracy and, hence, that of validity
of the approach remains to be considered. Of concern here
are (1) accuracy of the values assigned to categories or
levels within a given parameter (table 2), (2) accuracy
of the scale values assigned to one or more parameters
versus those assigned to the others (table 3) and (3) accuracy
of the actual fatique allowances assigned to the sum or total
of the values assessed for a given task (table 4). If
one were able to establish highly accurate values for each
of these areas of concern and demonstrate their validity,
he not only would be doing thec Navy a great service, but ]
would be performing a like service for the industrial world
as well.

To achieve a high degree of accuracy in refining the
values employed in tables 1, 2 and 3, it would be necessary
to study each type of task performed by naval personnel in
an experimental context. Different allowance values would
have to be tested under realistic environmental conditions
and that giving the highest productive output would be I
selected as best. ,

Considering the large number of different tasks performed
aboard ship, such an approach is obviously not feasible. This
is not surprising since industry, in general, has not solved
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the problem either. Most employ what they consider to be

an acceptable value rather than go into an extensive prcgram
to determine accurate values. Frequently, fatigue allowances
are set by collective bargai: ing where the end results have
no real relation to actual needs of the worker.

If one rules out the experimental approach in setting
fatigue allowances, any alternative approach that may be
selected would involve a great deal of subjective judgement -
like that which has already been employed in selecting the
values included in tables 2, 3 and 4. The problem at hand,
therefore, becomes one of maximizing the accuracy using a
subjective approach. A solution to this problem obviously
requires further research.




Table
Parameters Affecting

2
P

Level of Fatigue

1. Temperature (Ref (g))
The average temperature expected
to be encountered in performing dai-

ly duties on the job.

lst Level - Temperature controlled
by mechanical or electrical means
for the comfort of personnel. Usu-
ally from 72 degrees to 75 degrees
for inactive personnel; 68 degrees
to 70 degrees for normally active
jobs.

2nd Level - Temperature controlled
by job requirements where heat is
generated by machines, etc. Heat
ranging from 75 degrees to 85 de-
grees in inside work, 80 degrees to
90 degrees on cutside werk, where
normal circulation of air is avail-
able.

3rd Level - Temperature controlled
by job requirements where heat is
generated by machines, etc. Heat
ranging below €5 degrees or above

80 degrees for inactive personncl.
Below 40 degrees or above 90 degrees
on outdoor work or where normal cir-
culation of air is available.

4th Level - Temperatures above 90 de-
grees where normal circulation of air
is not available. Temperature above
95 degrees or below 35 degr-es vhere
normal circulation is available.

3. Humiaity (Ref (g))

Humidity affects the comfort of
the individual worker. High humidity
cften enters the allowance by causing
motions that are not an actual part
of the operation such as, lack of
concentration due to perspiration,
wiping of the brow, pulling at
clothing, etc.

lst. Level - Normal and comfortable
humidity level as supplied by air
conditioning or heating systems.
sensation of either dry or humid
atmosphere. (Usually 40 percent to
55 percent relative humidity with 70
degrees to 75 degrees temperature.)

No

2nd Level =~ Unusually dry conditions
indicated by skin sensation or burn-
ing nostrils after subjection for
one-half hour or longer. (Less than
30 percent relative humidity.) High
humidity noticeable upon entrance to
an area by a clammy sensation to the
skin. (60 percent to B5 percent
relative humidity.)

3rd Level - Unusually high relative
humidity where clothing becomes damp
after subjection for any period of
time (above 80 percent relative
humidity) .

4th Level - Humidity of wettina con-
ditions such as steam rooms or out-
doors in the rain where special
clothing must be worn.

2. Air Supply (Ref (g))

The availability of oxygen has a
considerable effect on fatigue. The
following are measures of this avail-
ability or of the repulsion of the

human system to surroundings.

lst Level - Normal operations out of
doors or in air conditioned facili-
ties where filtering or washing of
air is adequate to supply fresh
odor-free air.

2nd Level - Normal plant or office
facilities without air conditioning
where occasional odors or stuffiness
might be present. Movement of air is
normally supplied by movement of per-
sonnel or machines. No filtration of
air.

3rd Level - Extremely small and en-
closed surroundings where movement
of air is nil. Also dusty condi-
tions caused by the job, regardless
of the dust type. Limited smoke
either foreign or generated by the
operator.

4th Level - Extremely smokey, toxic,
or dusty conditions. Fumes so un-
pleasant as to be nauseating or men-
tally disturbing even though not inju-
rious to health. Movement of air or
exhausting does not remove effects.

4. Noise Level (Ref (qg))

Although ncise is a factor of
fatigue, it is relative and causes
fatigue through the nervous system.
Changes in noise level have as much
bearing on the nervous system as
loudness by itself.

lst Level - Normal noise level ex-
perienced in the average office or
industrial plant producing light-
weight products. (Variations be-
tween 30 and 60 decibels.) Inter-
mittent music may be easily heard
and enjoyed.

2nd Level - An area where noise 1is
constant but rather loud such as a
tin shop, knitting room, city street,
etc. (Variations between 60 and 90
decibels constant noise.) Music may
not be heard with any pleasure.

3rd Level - Normally quiet sur-
roundings with intermittent loud or
annoying noises. Noises are of a
sharp nature above the 90 decibel
range. (Noises such as a nearby
riveter, elevated train, punch press,
etc.) Also noises that are not in-
termittent above 100 decibels, such
as encountered in a boiler factory.

4th Level - Noises of high frequency
or other annoying characteristics
whether intermittent or constant.
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Table 2 (contd.)

5. Light Level (Ref (g))
Light is a factor of fatigue
which enters purely through the eye
and strains it to focus correctly,

unless lighting is so poor as to
require extra motions of some other
portion of the body.

lst Level - Light as supplied by
fluorescent or other indirect light-
ing spaced to provide fro- 20- to
50- foot candles for most .ndustrial
applications, and 50- to 100-foot
candles for office and inspection.
Absence of glare is apparent.

2nd Level - Light where occasional
glare is an inherent part of the job
or where substandard or special
lighting is required.

3rd Level - Lighting where continual
glare is an inherent part of the job.
Also work requiring constant change
from lighted area to darkness (less
than 5-foot candles). Work requiring
a venetian-blind effect such as a
shiny and dull surface turning in a
lathe.

4th Level - Working in absence of
light or where sight is impossible
due to obstructicn. Noticeable by
the feel of fingers or feet. Eyes
are obviously not used at all, or
are straining in darkness but not
really seeing. (Photographic dark
room, mechanic working under
machine, etc.)

. Vibration

Prolonged exposure to vibration#
of less than intolerable levels
commonly produces annoyance and
fatigue - factors that can be
expected to reduce the general per-
formance and eifectiveness of the
operator.

lst Level - Noticeable vibration notj
present. Frequencies arc below
100cps; acceleration is below 10'39.

2nd Level - Noticeable but not
unpleasant vibration. Freqguencies
belgw 100 cpg; acceleration between
1077 and 107 <gqg.

3rd Level - Vibration somewhat
unpleasant but not irritating.
Frequencies below 100 cps;
accgleration between 107
10>

and
. 5q.

4th Level - Vibration definitely
irritating but tolerable.
Frequencies below 100 cpf:
accileration between 10~1:5 and
10" *g,

6. Ship Motion

Type of ship is factor which
contributes to fatigue via the
extent of motion induced by various
sea states. Type of ship has,
therefore, been used to categorize
ship motion by levels.

lst Level - CVAN, CVA, CVS,
AOE, AOR

cvr,

2nd Level - CG, CGN, CLG, DLG,
DLGN, DDG 35, 36; DD 963, AE, AO,
AS

srd Level - DD, DEG, DE, LST

4th Level - MSO, AOG, ARS, ATF, PG

8. Duration of Task (Ref (g))

Fatigue varies consistently with
the time taken to complete a job and
obtain a feeling of accomplishment
or being finished. This is a
psychclogical factor which may vary
between individuals, but always
varies from task to task.

lst Level - Operation or sub-
operation which may be completed in
one minute or less.

2nd Level - Operation or sub-
operation which may be completed in
fifteen minutes or less.

3rd Level - Operation or sub-
operation which may be co"l2ted in
one hour or less.

4th Level - ., ation or sub-
operation which takes more than one
hour to complete.
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Table 2 (contd.)

9. Repetition of Cycle {Ref (q))
Repetitiveness of cycles has a
great effect on fatigue. Operations
of short cycies but repeating them-
selves many times during a day cre-
ate a monotony and hypnotic effect
which adversely affects productivity

as the day progresses.

lst Level - Operations on which the
operator varies his pattern or may
schedule his own work. Operations
that vary from day to day or where
sub-operatioas may not even be
performed daily.

2nd Level - Operations of a reason-
ably fixed pattern, or where dead-
lines or pressure to complete are
present. Operations vary from cycle
to cycle at operator preference, but
task is regular.

3rd Level - Operations where peri-
odic completion is scheduled and
regular in occurrence, or where
completion of motion or thought
patterns is made at least ten times

per day.

4th Level - Operations where com-
pletion of motion or thought pat-
terns is more than ten times per
day. Also operations that are
machine paced. (Most piece rated
operations fall in this category )
Operators suffer boredom and lack
of control.

11. Length of Workweek

Length of workweek is dependent
on length of workday but also
depends on number of days worked.
These criteria take intc account
cumulative impact of number of days
worked on fatigue.
1st Level -53.5 days workweek‘S days
2nd Level -<5 days workweek(S.S days
3rd Level -(5.5 days workweeksg days

4th Level -<k days wozkwe9k<3 days

10. Length of Workday

Length of workday in excess of
8 hours has both a daily and cumu-
lative effect on fatigue.
1st Level - 7 hrs.<workday$3 hrs.
2nd Level - 8 hrs. <workday<9 hrs.
3rd Level - 9 hrs. <workday<10 hrs.

4th Level -10 hrs. <workday <11 hrs.

12. Physical Demand (Ref (g))
Although physical effort has a
real effect on fatigue, if effort is
intermittent, with physical rest
between cycles as a part of the task,
its effect is diminished. The
following table lists levels

applicable for varying situations.

Level Applicable

Time effort is applied

Fquivalent Up 15% 40% Over

Manual effort to to to 70%
15% 40% 70%

Pp to 5 1bs. 1 1

5 to 25 1lbs. 1 2

25 to 60 1bs. 3 2 3

Over 60 1bs. ! 2 3 4

Add one level to each of the
a.ove, with a maximum of four, if
the duties are performed in dif-
ficult work positions.
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Table 2 (contd.)

(Ref (qg))
13. Mental/Visual Demand
This factor measures the
degree of mental and visual
fatigue sustained through the
concentration and coordination
of mind and eye. It depends
on the volume and complexity
of the work, cycle of applica-
tion of mental and visual
faculties, and the intensity
of such application.

lst Level - Only occasional
mental or visual attention
since either the operation is
vractically autcmatic or atten-
tion required only at long
intervals.

2nd Level - Frequent mental

and visual attention where

work is intermittent or the
operation involves waiting for

a machine or process to complete
a cycle, with some checking.

3rd Level - Continuous mental
and visual attention for either
safety or quality reasons;
usually repetitive operations
requiring constant alertness

or activity.

4th Level - Concentrated or
intense mental and visual
attention in laying out or
otherwise performing complex
work to very close limits of
high accuracy or quality, or in
coordinating a high degree of
manual dexterity with close
visual attention for sustained
periods of time. Also all
purely inspection operations
where checking of quality is
prime object.

(Ref (q))
14. Working Position
The physical demands of the
body induce fatique at any time
that it is not at rest. Abnormal
positions of any part of the
body increase fatique if not
alleviated by change.

1st Level - Position cither
sitting or a combination of
sitting, standinq, and walkinqg,
where change of position is not
more than five minutes apart.
Arm and head positions at normal
working height.

2nd Level - Standino or a combina-

tion of standing and walking,
where sitting is only allowed
during rest periods. Also wvherec
work positions of arms and head
are out of normal working range,
but only for periods of less
than one minute.

3rd Level - Operations where
workplace requires constant
stooping or standing on toes, or
wvhere work requires extension

of arms or legs.

4th Level - Operations vhere
body is in crammed or extended
positions for long periods of
time. Also where attention
requires motionless bhody.
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Table 3: Assiqgnoed Scale for l'atique Parameters

[ Parameters Level B
| o - Tst ond 3rd 4tk ]
I 1. Temperature 5 10 15 an
’ TV Surnle 5 10 o0 L
YL T HumTd Yy 5 T0 5 o7 I
[ 4. Toisc Level 5 10 0 1 30 T
b e e —
5. ight Level ¥ 10 L5 20
L. Type of Ship 20 0 6n ) l
i~ - Tibratien T LI a0 ec
B. buration of cub- ] | T
| _Tasks 20 40 60 80
9. Repeat of Cvclo 20 10 60 EI
1N, Length of “orkda:y 0 10 20 30 \
|
T 11. Leaqgth of Workveek n 1) 2N A
[}
" 12, Physical bemand 20 a0 a0 an !
. J
13. “ental /Visual | ’
Demand 10 20 30 50 |
14, V'orking Position 10 20 30 40
i
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Figure 4: Worksheet for Determining Fatigue Allowances

Billet No. .

Paramcters

Level

Points

Temperature

Alr Supply

Humidity

Ncise Level

Light Level

Ship Motion

Vibration

Duration of Subtasks

U

Repeat of Cycle

10.

Length of Workday

(PSS

Length of Workweek

2.

Physical Demand

13,

Mental Demand

14 .

Working Position

Total
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VIT, ANALVSIS OF NON-FRODUCTIVE TIME ALLOWAMNCES FOR THE DC-938
A. The Fatigue Allowance

As part of the investigation of the need for and
feasibility of developing more accurate ron-productive time
allowances, a visit was made aboard the DD 938 by research
personnel assigned to the program. The primary objective
of the visit was to make the observations necessary to com-
pute fatigue allowances for the bulk task billets, using the
approach outlined in Section VI. This involved the identi-
! fication of the bulk task billets and the completion of the
worksheet shown in fiqure 4 for each such billets.

The classification of support billets into service
and bulk task billet categories was accomplished on the
basis of interviews with supervisory personnel. (Primarily
the CPO's). The assessment of fatigue levels using table 2
was made on the basis of observations of the work environment
associated with =ach bulk task billet. Of the 110 support
bhbillets listed in the SMD for the DD-938, 44 were identified
as bulk task billets. The remaining 66 were found to be
service billets. A list of the bulk task billets is presented
in table 5.

Additional details relative to obscrvations made r
during the visit aboard ship are presented in Appendix G.

Using the worksheets (figure 4) completed by mezns
of the visit aboard ship, the procedure outlined in Section
VI was followed to compute the fatique allowances for the 24
bulk task billets. Relative frequencies were then caiculated
and used to develop the histogram in figure 5. The mean valuc
of the computed fatigue allowances was found to be 12.2%. An
inspection of figure 5 reveals that the distribution of
allowances is bimodel.

If it is assumed that of the 20% allowance now used
in determining billet requirements, 10% applies to fatigue, i
then the allowance appears to be inadequate for a number of |
billets on the DD 938. Most of these billets are in the BT
and MM ratings. Higher allowances are needed because of the
adverse environmental condaitions experienced on the job,
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Table 5

List of Bulk Task Billets for DD-938

3002 4002 4317 6202
3124 4003 6015 6203
3125 4008 6019 6204
3126 4038 6024 6208
3127 4039 6025 6215
3128 4040 6105 6216
3129 4102 6106 6217
3130 4121 6118 6218

3131 4215 6134 6220
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particularly the very high temperature and humidity. The
majority of the tasks for the BT and MM ratings do not
require much physical exertion. O©f course, on ships of
different designs requiring greater physical effort, the
required allowance could be still greater. Several other
billets appear to require allowances in excess of 10/4. These
include SH billets assigned to the laundry room and several
billets performing chiefly facilities maintenance on the deck.

Allowances for other bulk task billets, as in-
dicated in the figure are near or below the 10/ value.

B. Personal and Delay Allowances

No attempt was made during the visit aboard the
DD-938 to assess personal and delay allowance. In the case
of the personal allowance, any attempt to do so was helieved
to bce unnecessary. Most authorities on the subject agrec
that a 5/ personal allowance is adequate.

The assessment of the delay allowance is beyond the
scope of the present study. Reference (b) provides a 5/
allowance for unavoidable interruptions. This value is a
commonly used figure in industry. However, considering the
severity of the motion environment aboard the smaller ships
such as the DD-938, it is doubtful that 5% is adequate.
Experienced naval personnel all agree that with increasing
severity of the sea state, a point is reached where all
unessential work aboard the smaller ships ceases. At just
what sea state this occurs has not been identified by the
writers. On the basis of data in Appendix B, however, it
appears that such delays aboard the smaller ships would occur
with a much greater frequency than the 5% which is now allocated
to this delay factor.

In order to evaluate the impact of the computed
fatigue allowances and elimination of allowances from the
service billets, one must have estimates of the personal and
delay allowances. The 5% personal allowances is beliecved to
be a valid figure for shipboard personnel and, therefore, will
he used in the analysis in the following section. Rather than
employ a new value which cannot be substantiated at the present
time, the 5% figure specified in reference (b) will be used
for the delay allowance. These values added to the computed
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fatigue allowances give total allowances values for the
DD-938 which were used in the analysis which follows.

‘ C. Analysis of Billet Impact of Allowances for DD-938

i In evaluating the billet impact of the new computed
allowances in combination with the elimination of allowances
for service personnel, the same ground rules were employed as
in Section IV but with the following additions:

1. Service billets were considered to e essential
and, therefore, uot eligible for elimination.

2. The hours gained through the elimination of
allowances for the service billets were assumed to be available
for the performance of the duties of bulk task billets which ;
might be eliminated or for which the allowance might be in-
creased.

Ry . G e =~ S p—— o,

It was believed essential that the impact of elimi-
nating service billets be considered in combination with the
new computed allowances rather than to consider the separate
impacts of the two parameters. It may well be that the
allowances now allocated to service billets are actually being
used to provide required larger allowances to certain per-
sonnel aboard ship. 1If so, to treat them separately would be
inappropriate.

The additional ground rule that service billets are
essential adds 66 billets to the 185 condition III watch
station billets for a total of 251 which are not eligible for
elimination. In addition, condition I assignments which can-
not be transferred to condition III or service billets create
still more essential billets. As a result, only one billet
on the entire ship could be found that was considered as both
eligible and available for elimination and this was in the
Weapons Department. 1In the Engineering Department where the
majority of billets are located for which large fatigue
allowances were computed, the excess hours made available by
service billet allowances balanced the increase in allowances
for bulk task personnel. i

The finding that the elimination of the allowance
for 66 people aboard the DD-938 would lead to a savings of
only one billet is somewhat surprising. With the service
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billet considered as esscntial, one finds that complete
elimination of all allowances would save the DD-938 only 4
billets. One can only conclude from this that the non-
productive time allowance has little real hearing on the
determination of billet requirements for DD-931 class of
ships.

Confirmation ot the minor contribution made by
the allowance to billet requirements may be had hy roforring
to Appendix C, Ships Manning Requirement Analysis Chirt, in
the SMD for the DD 931 class of ships (reference (+j}). oOre
finds on page C-7 that a number of the electronics technicians
are assigned weekly hours well below the 66 normally allocate!
to non-watch personnel. Obviously, some factor other than thec
normal work routine is affecting the number of such personnel
required. It appears to be the condition I renuirement.

The samc short workweek can also be observe! for
supply personnel on pages C-33 through C-37. 1t was con-
firmed during the visit on board the DD 938 that the great
majority of personnel in the Supply Department occupy scrvice
billets. This and the short workweek listed in the SMD con-
firm the assumption that service billets are esscntial and
cannot be eliminated by assigning the work to other personncl,

It should be noted that no explanation is given in
the SMD. (reference (k)), for the short wcrkweeks allocated to
the various billets. It also appears that the procedure
followed does not conform to SMD Guide (referecnce (/)).

Observations made aboard the DD 938 failed to un-
cover any instances where additional personnel are cmployed
to compensate for non-productive time allowances granted to
watch station personnel. This negative result does not
demonstrate that such practices, e. g., aboard the larger
ships, do not exist. It is suggested that further study is
needed in order to determine if such billets exist and, if
so, to develop means for properly taking them into account.
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VITII. DISCUSSION

The objective of the :rescnt study, as stated in
Section I, was to investigate the need for and feasibility
of developing more accurate allowances to account for the
non-productive time required by shipboard personnel. 1In
view of the findings outlined in the preceeding sections,
it is apparent that a pressing need for more accurate
allowances, insofar as the billet determination process is
concerned, has not been demonstrated. First of all, it was
shown that allowance is not a dominant factor in the deter-
mination of billet requirements. The analysis in Section V,
based on a sample of 12 ships, reveals that bLillet impact
of the present constant allowance is only a fraction of the
allowance itself. This analysis of necessity negiects the
service billet. As the evaluation for the DD 938 shows,
however, the secrvice billet further reduces the impact of
the allowance.

Next, the sensititivy analysis in Section VI shows
that, using the 20/ allowance as a base, billet require-
ments are six times more sensitive to errors in the workload/
manpower determination process than to errors in the non-
productive time allowance. As was indicated in Section V,
accuracy of the workload/manpower portion of the billet
determination process can be questioned. Moreover, in-
accuracies in the workload/manpower determination process
can easily negate any improvement in the accuracy of the
non-productive time allowance. Thus, insofar as the billet
determination process is concerned, the need for more accurate
allowances has not been demonstrated.

Although a need for more accurate allowances as part
of the billet determination process has not been demonstrated,
the analysis of allowance requirements for the DD 938 in
Section VII does indicate a need for information relative to
the allowances shipboard personnel should actually receive.
Some functions aboard ship are more fatiguing than others,
and personnel performing these functions require a larger
allowance. The analysis in Appendix B also indicates that
delays due to severe weather may pose a problem for personnel
assigned to the smaller ships. Consequently, a need has been
demonstrated for a management tool capable of providing this
information.
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The experimental methodology employed in the present
study appears to have a great deal of merit as a tool for
assessing fatigue allowance requirements. Further study is
required, however, to refine and validate the process. The
benefits provided by such a tool should more than repay
development and implementation costs. These latter costs
should be minor. For example, the identification and assign-
ment of parameter levels from table 2 can be accomplished by
the SMD survey teams without much additional effort. The
actual computation of allowances can be done by computer.

For all practical purposes, only the R&aD effort would involve
additional expense. It is reasonable to conclude, therefore,
that development of this management tool is feasible.

In a formal evaluation of delay allowance require-
ments, one needs to take into account inherent delays in
normal shipboard processes plus an analysis of those delays
ﬁ incurred because of ship motion. Activity sampling can be
employed to evaluate inherent delays in shipboard procesces.
Delays due to ship motion should bhe based on a rigorous
analysis of the effect of sea states on the ship and its
personnel.

As in the case of the fatigue allowance, this effort
can be accomplished by means of a slight increase in the work-
load of the survey crews, plus an R&D effort.

It is apparent as a result of the various analyses
reported earlier that second generation improvements in the
billet determination process are needed. The present process
cannot provide the accuracy required to cope with a situa-
tion such as the present where manpower is exceedingly
expensive and permanently in short supply. It appears
that the most pressing requirement is for the modification
of the billet determination process to provide for the
formal identification of the service billet and the proper
allocation of work and allowances to such billets. It is
apparent in the SMD for the DD 938 that the service billet
has been recognized, allocated and a non-productive time
allowance applied to it.
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The next most pressing need is for an improved
workload/manpower determination process to replace activity
sampling, interview techniques, etc. Activity sampling does
not take into account the workpace. Because of this, errors
in workload/manpower determination can result. For example,
observations made of a crew performing a job at half the
normal (or reascnable) workpace would result in the speci-
fication of double the manpower that the job actually
requires. Moreover, the consequences of such errors are
multiplied by the number of ships in the class.

Third on the list of required improvements in the
SMD process is the need for more exact assessments of make
ready/put away allowances and corrective maintenance require-
ments.

Lastly, improved procedures are needed for displaying
and justifying workload/billet requirements, particularly
in the support area. Billets should be accurately associated
with the way manpower normally is used on board ship.
Careful justification of every billet should be included,
i, e., a billet should be justified by a specific, documented
work assignment. It should be stated in such a way that
naval officers and analysts familiar the given ship can re-
cognize the work assignment and attest to its validity.
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1X, CONCLUSIONS

1. Because of the dominant influence of watch station,

service billet, NEC and other requirements, non-productive
time allowances have little impact on billet requirements.
Complete elimination of the allowance would result in only
a minor reduction in billet requirements (Sections V and VII).

2. Primary emphasis needs to be given to the developnent
of second generation improvements in the billet determina-
tion process. There is an immediate need to modify the
process sc that it will discriminate between support billets
that should receive an allowance and those that should not.
Longer term efforts should emphasize improvements in the
workload/manpower requirements portion of the billet deter-
mination process (Sections V, VII, VIII).

3. A 5% personal allowance is adequate. Further study of
this component is not required (Section 1V).

4. Application of the experimental methodology for deter-
mining fatiqgue allowance requirements tor ships indicates
that the present constant allowance is inadequate. Improve-
ments are required to satisfy the needs of shipboard person-
nel. Further development of the experimental methodology
should be undertaken to provide the tools needed to deter-
mine fatigue allowance requirements (Sections VI and VII).

5. The delay allowance component may be inadequate, par-
ticularly in the case of the smaller ships. Further study
should be conducted to fix its value (Appendix B).

6. The allowance granted for non-productive time associated

with shipboard workloads should be designated by the term
non-productive time allowance (Appendix E).
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X. RECOMMENDATIONS

1. Research programs are recommended to accomplish the
following objectives:

(a) Development of second generation improvements to
the billet determination process (Sections V, VII,

VIII)

(b) Development and validation of the experimental
methodology for determining fatigue allowances
(Section VI)

(c) Development of required values for the delay
allowance (Appendix B)

2. It is recommended that the allowances granted for non-
productive time associated with shipboard workloads be
designated as a non-productive time allowance, i.e., as an

NPTA (Appendix E).
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Appendix A

HUMAN PI'FFECTIVENESS CRITERIA

Summarx

Three levels of ceffectiveness criteria were identified.
The first level or basic human effectiveness criteria
consists of a clear cut statement of (1) the nature of work
to be performed by individuals and teams, (2) the reauired
aquality and quantity of this work and (3) the time interval
over which it must be performed. The next higher level
consists of indices or probability values which serve as the

criteria for the accomnlishment of total tasks by individuals.

The highest level consists of indices or probhahilitv values
which are relevant to the performance of teams consistina

of several individuals. The first level criteria is usuallv
generated in connection with weapon system and ship onera-
tions. Further development and use of such criteria as
measures of work center effectiveness does not anpear to be
warranted in a manpower plarning context. 27 research program
to develop the higher level criteria must overcome the
obstacles inherent in determining if the human can meet

or has met the criteria. Research in this area should

take the foria of a long term human factors program.

It was pointed out that criteria for determining
efficiency of manpower utilization is lacking. Such
criteria are needed in order to minimize manpowver require-
ments. A research program in this area is recommended.
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I. Introduction
0o/

As part of the stuvdy recquested in reference (a) <o this
appendix, NPRDL undertook an investigation to determine the
feasibility of developing human effectiveness criteria at
the work center level and, if their development were found
to be feasible, to recommend an approach for doing the job.
Human effectiveness in a Navy work or performance context
refers to how well an individual or group performs a task,
function or mission. As applied to a work center, it refers
to the aggregate performance of vork center personnel in
accomplishing their assigned function(s). Human effective-
ness criteria, in turn, refers to the standards or criteria
against which such performance must be compared to determine
the degree of performance effectiveness.

In accomplishing the above-stated objectives, the nature
of the elements or factors constituting human effectiveness
criteria was defined, the feasibility of developing such
criteria evaluated, and a research program proposed. The work
accomplished and the findings and results are outlined in
the following sections.

1./ All references cited in this Appendix appear on p. A-10.
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Appendix b
II. Flements of Human Fffectiveness Criteria

The effectiveness of human heings in carrving out work
or mission assignments was separated in the rresent investi-
gation into two cateqories: (1) individual effectiveness
and (2) group or team cffectiveness. The effectiveness of
a team is a function of the effectiveness of the individuals
comprising it. Therefore, it was appropriate to initiate
the investigation with an analysis of individual effectivenecss.

Individual Ef fectiveness Criteria

As stated earlier, the effectiveness of ar individaal
refers to how well he performs his assiqgned tasks or functions.
The cquality or worth of his performance mav be judged on the
basis of a number of narameters. These include such elements
as accuracy of performance, response time, amount of work
nerformed and so on. Most of these parameters are tashk
oriented. For example, accuracv of nmerformance or resvonsec
time has little meaning, unless one specifies the task beira
performed and what is of interest about the task
insofar as accuracv and response time are concerned. Accuracv
in reading a meter differs from accuracy in coding messages.

A response for which time is a pertinent consideration mav
be that of making an observation, onerating a control or
transmitting the spoken work. The varticular task being
performed, therefore, is a highly relevant consideration
when one sets about developing human effectiveness criteria.

As a rule, any one of the basic human performance
parameters discussed above refers to a discrete step or to
only a part of the total task assigned to a given individual.
In taking into account the various steps in a task, a nurmber
of such parameters may be relevant. Although one mav
require values for all of these parameters to he established
in generating criteria for a task, these paramcter valucs
in themselves may not be sufficient as measures of total task
effectiveness. A maintenance technician, for example, may
perform a great number of discrete operations adequatelvy
most of the time as he goes about the task of maintaining a
complex piece of eclectronic equipment. Yet, one will not
really know how effective he is, if he sometimes fails. To
provide the additional information needed to assess effective-
ness, another measure normally is used, i.e., the probability
of successful task performance or wvhat is commonlv referread
to as human performance reliahilitv. The reaquired value of
the reliahility of human performance constitutes the
effectiveness criteria for the individual.
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In assessing the probability of successful task perfor-
mance, it is customary to identifv each step or operation
making up the task, specifv the criteria for successful
performance of each step, estimate the probahility that the
operator will perform each step at or hetter than the level
defined by the criteria and then mathematically combine the
discrete probability values for steps into a total task
probability statement. The ecquation for accomplishing this
is as follows:

P(task success) = Pp+PpeP3 «:. Py (1)
where

P; = the probability that step 1 is successfully performed

Pp = the probability that step 2 is successfully performed
P3 = the probability that step 3 is successfully performed
P, = the probability that step n is successfully performed

The criterion or required value of the probability of task
success (p(task success)) usually is set on the hasis of
mission requirements or reauired operational capabilities.
Required values of the individual probahilities on the right-
hand side of the eaquation are selected or set so as to permit
the required value of p(task success) to be achieved. At a
still lower level of detall, accuracv and response time and
other parameter values to which the prohability values refer
are set on the basis of mission reauirements and required
operational capahilities.

From the above it can he seen that the task of developing
cffectiveness criteria for the individual involves essentiallvy
two levels of criteria, (1) performance criteria for discrete
steps or operations and (2) probahility criteria for each
of these steps and the probahility criteria for the task as a
whole.

Team Effectiveness Criteria

Work centers aboard ship usually have a number of
functions to perform. Some of these may consist of operational
functions; others may be support functions. The procedure
described above usually is applied to operational functions,
although in the case of critical maintenance tasks, it may
be applied to support functions.

A-4
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Let us novw assume that a number of personnel from a work
center are assigned tasks involved in operating a weapon
system on hoard ship and that effectiveness criteria in the
form of human reliahilitv requirements have heen developed
for each individual. The effectiveness criterinn (reliabilitv
value) for the crew as a whole is related to that for the
individuals by the equation:

Pcrew = Pl.Pz.P3 oo .Pn (2

wvhere the values on the right-hand side of the eaquation are
the effectiveness criteria (required nrobabilities of
success for the performance of individual tasks) tor
individual crew members. That on the left is the effective-

' ness criterion for the crew as a whole in manning the

! weapon system. The value of the term on the left must he

! determined on the basis of mission requirements for the
weapon system together with the ship's ROC. It constitutes
tiic third or highest-level criteria.

Rerquired effectiveness criteria for a veapon svstem
usuallv are called out in equipment developmental specifica-
tions in the form of a reaquired probability of achieving
specified results in the anticipated operational environment.
Some specifications mav assume perfectlv reliabhle human
operators. lowever, if the specifications have heen thoroughlvw
vrepared the effectiveness criteria for the weapon system
+ill include human performance. Assuming that it does, the
probability of successful system performance hecomes
ik (3)

=P P

svstem crew * ‘equipment
The term on the right in ‘equation (3), Popewr 15 the same

as that on the left in enquation (2).

L Non-Critical Functions

Suppose now that the remaining functions performed by
the above hypothetical work center are in support arcas,
e.g., facility maintenance and utility tasks. Such functions
usually are not of a sufficiently critical nature ac to warrant
the effort involved in making a complex reliability analysic.
Where this is the case the approach outlined above breaks
down and one has no way of generating measures or effective-
ness criteria for the work center as a whole.

Although one may not be able to develop a single
criterion of effectiveness for all personnel in a work
center, it should not be concluded that the effectiveness
with which non-critical functions are performed is nct
relevant. In many cases such functions have an imrortant

A-5
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Appendix A
hearing on the overall effectivenoss of the ship.

In considering the effectiveness of non-critical functions,
one finds that the approach essentially parallels that
employed in the case of critical functions, although one
does not make usc of the higher level criteria. It is
customary, when assigning a support task to an individual
aboard shinp, for management personnel to define the natuce
of the work, the amount to be performed during a specified
time interval and the aquaiity of work expected. This is
fully analogous to the approach used in developing the
first level or basic criteria in the case of the critical
tasks.

Let us assume that we are concerned with the messing
function. The effectiveness criteria for performance of
cire function as a whole may be that of feeding the ships
rersonnel within specified time intervals. & number of
ancilliary criteria mav also be applied such as
tliose governing cleanliness, quality of food, etc. Together
these constitute the first level criteria for the function.
iffectiveness is specified on a go-no-go hasis, rather than
in the form of a probahilitv statement, i.e., the function
is performed in accordance vith the specified criteria.
rffectiveness criteria can in a similar manner be set for
other non-critical tasks aboard shin,

Ms applied to non-critical functions, effectiveness
criteria consists of standards specifving cuality and
quantity of work be be performed bv individuals and groups
or teams aboard ship. In specifying amount of work, time
‘ntervals during which the work must he performed are
identified. It turns out, therefore, that the quality and
cquantity of work together with the time interval constitutes
a definitive statement of the work reaquired of the ship's crew,.
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ITI. Feasihility of Develowning Human Fffectiveness Criteria

| Three levels of effectiveness criteria vere identified
in the preceding section. In the case of non-critical
support functions, only the first level or basic criteria
were identified as bheing relevant to individuals and groups.
Since first level or bhasic criteria are relevant across-
the-board to all shipboard functions, the discussion of
feasibility below has been separated into two categories:

(1) basic human effectiveness criteria and (2) higher level
effuectiveness criteria which refers to human performance
reliability as human effectivencess criteria.

e

—

e

Basic Human Effectiveness Criteria

As stated earlier, the basic human effectiveness criteria
for a ship consists of a clear cut statement of (1) the
nature of the work to be performed by individuals (tasks)
and by teams of individuals (functions), (2) the reaquired
aqualitv and aquantity of this work and (3) the time interval
over vhich it must be nerformed. Oualitv of vork in the
above statements refers to accuracv and response time
reauirements, etc. Ouantitv refers to amounts of worl
reauired per interval of time. Consideration of just vhat
is denoted by such criteria reveals that thev consist of
data which must be %nown if shipnhoard personnel are to
aderuately perform their assigned tasks and functions. To
accomnlish a task effectively, a man must know what it is,
hov vell he must perform it and how much of it he nust
accomplish per given time interval. Thus, it is not only
feasible to develop such criteria, it is essential.

The question of concern, therefore, is not one of
feasibility but rather one of whom should develop the
criteria. Where shipboard equipment is involved, much of it !
is devcloped by contractor personnel., In the support areas
it is generated by the commanding officer of the ship i
with the assistance of personnel in the management chain.

In the latter case, a great deal of the criteria generated
is never published and, hence, is not readily available to !
outside analysts,

In examining the question of feasibilitv one needs to
consider the objective of a program to develop hasic human
effectiveness criteria. If the ohjective were to develop
effectiveness criteria of a detailed nature which one needs
to determine weanon system and mission effectiveness, then
feasibility is in doubt. In the first place, most of such
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criteria is generated during weapon system and ship develop-
ment. It appears doubtful that further development and
reformatting of such data would serve a sufficiently useful
manpower function to warrant the magnitude of the effort
that would be involved. Without doubt, however, a human
factors program to develop such criteria for the Navy would
serve a useful npurpose.

Criteria concerning the efficiencv (as onnosed to
effectiveness) with which personnel are utilized, however,
needs further examination. One of the Mavy's chjectives
is to meet reaquired operational capabhilitiecs with minimum
manpower, At present, criteria do not exist forv accomplishing
this objective. Tt appears essential that such criteria
bhe developed, 1f the Navv is to accomplish its objective.

Higher Level Effectiveness Criteria

The higher level effectiveness criteria referred to al.ove
are indices or probahility values which serve as effective-
ness criteria for the accomplishment of discrete steps and
total individual task and team performance. These criteria
are simply requirements which individuals and the team
nust meet in order to satisfy systems requirements. These
can be established without undue difficulty. The real
question concerning feasibility arises when one turns to
the problem of determining if shiphoard personnel can meet
these requirements. DBecause of the inherent complexity of
the human and the large number of relevant variables, it is
difficult to determine the probability that a human operator
can and will successfully nerform a given task. Furthermore,
since the basic parameters are task related, the number of
different types of tasks and task steps is very large.
Consecuently, the job of developing a usable and compre-
hensive hody of "human reliahilitv data" is difficult indeed.
To date attempts to do so have heen sporadic and very
limited in scome. A program to accomnlish such a development.
cannot succeed without substantial and sustained support.

Serious actempts have been made to examine the nrohlem
of developing human reliahility data. Reference (Db)
constitutes one such effort. It is recommended to the
reader who wishes to examine the problem further.

Turning again to the question of feasibility, one must
conclude that as long as data is lacking which permits one
to determine that the criteria can be or have been met, it
really is not feasible or worthwhile to develop the higher
level effectiveness criteria. This is not to imply that
such criteria are not needed. On the contrary, these criteria
and supporting human capabilities data are badly needed.
However, their development is properly the function of a long
range human factors program.

A-8
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IV. Conclusions and Recommendations

In the earlier discussion two categories of human
effectiveness criteria were identified: (1) basic effective-
ness criteria and (2) higher level criteria consisting of
human performance reliability requirements. Insofar as
basic human effectiveness criteria are concerned, there is
no question as to feasibility of its development. Such
criteria are essential to the operation of the ship. Their
development, however, is being accomplished primarily as
a part of the equipment and ship development and deployment
effort. Further work in this area is recommended only as
part of a long range human factors research program.

Development of higher level criteria and the human
reliability data required to support the program would
involve extensive, long range funding. It involves primarily
a human factors-type effort. It is recommended that it be
pursued as a long range human factors program to define

scope, cost effectiveness, etc.

A program to develop methods for achieving efficient
utilization of manpower on board ship is feasible and is
recommended.
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Appendix B

PRELIMINARY STUDV OF
SHIPBOARD MOTION EMVIRONMENT

Summarx

A preliminary study of limited scope was conducted to
determine the effect of ship motion on crew performance.
In this study freaquency of occurrence of the relevant sea
states was determined and related to ship roll amplitude
as a function of ship heam. Crew verformance, in turn,
was related to roll amplitude and to sea-state freauencv.
By using this approach it was possible to determine how
often crew performance is likely to he adversely affected
by ship motion. It was concluded that in the case of the
smaller ships that motion of the ship has a significant
fatigue-inducing effect.
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I. Introduction
1./

Reference (a) requests that NPRDL undertake an investiga-
tion to determine if there are variables associated with a
ship's size, configuration or age that can be isolated and
shown to contribute to an increase or decrease in human
productivity. A limited study, consistent with the scope
of the present effort, was undertaken in response to this
request. In this studv the primary emphasis was directed
toward the investigation of ship motion, since it is known
that severe motion has a detrimental effect on human per-
formance.

This investigation also provided environmental data
which is needed in developing the methodology for generating
and evaluating more accurate non-productive time allowances.
Factors which adversely affect crew performance may need to
be taken into account in generating such allowances. The
present investigation made it possihle to consider what is
believed to be the most imrortant of these factors, i.e.,
ship motion.

1./ All references cited in this Appendix appear on p. B-15.
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II. Background

Although a ship's motion ahove certain levels mav
adversely affect crew performance, one needs to know how
often such motion is likely to occur in order to evaluate
the significance of the effect. The primary contribhutors
to ship motion are size of the ship and the sea state.

Ship size may be taken as an independent variable, i.e.,

as a given or specified parameter value. Thus, given

a ship of certain size, configuration, etc., the problem

is to determine how frequently it will encounter sea states
of sufficient magnitude to introduce significant amounts of
motion.

When considering a class of ships which may be deployed
on a world wide basis, it appears reasonable to determine
and use sea state frequencies which may be encountered on
a world-wide basis. Any given ship deployed in a specific
area may encounter sea states with frequencies either less
than or greater than the world wide frequency. However,
the world-wide value should be a better value to apply to
1 a class of ships as a whole. This is particularly true when
. the objective, as in the present study, is to investigate
' requirements for non-productive time allowances for classes
of ships.

B-3
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III. Approach

In establishing frequency of occurrence of sea states
on a world-wide basis, information was ohtained from
reference (b) giving frequency of sea states 3, 4, 5, ¢ and
7 for 66 different locations around the vorld. Average
values were then computed by adding the freauencies under
each state and dividing by 66, the number of locatiors
included in the sample.

A ship's motion is affected hv sea states in nevera)
dif ferent ways. Also, a numher of different shio construc-
tion parameters affect motion. Therefore, civen the average
sea-state freouencie:s, the next nroblem is to find a vay
to relate sea state to ship motion. To date, no compre-
hensive body of information or studv relating the two
parameters ras been uncovered. However, sufficient informa-
tion has heen found to permit a preliminarv analysis to ‘e
conducted and like conclusions to be dravn. Peference (c)
consisting of a ship motions chart, giving roll amrlitude
as a function of shin's heam and sea state, was nrovided
by the Naval Ship Inginecering Center. Information rerlating
operator performance to ship's motion was obtained from
reference (d). Using this information, it was possible to
estimate how often ship's motion is likely to degradec or
increase the difficulty of crew performance.
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IV. Analysis

The approach used in computing average sea state
frequency on a world-wide basis was outlined in the preceeding
section. Table 1 (obtained from reference (b)) lists the
various areas, sea state frequencies for each, and the
computed averages. Figure 1 obtained from reference (c)
gives roll amplitude as a function of sea state and ship's
beam. These two sets of data were used to construct figure
2 which presents frequency as a function of ship's beam
and roll amplitude. The frequencies in figure 2 were deter-
mined as follows: Sea states which will induce a roll of
6 degrees or more were identified and their corresponding
frequencies summed. This sum constitutes the estimated
average frequency with which a ship of given beam can be
expected to encounter roll amplitudes of 6 deqgrees or more.
The same approach was used in developing the 10 deuree curve.

The values of 6 and 10 degrees were chosen in order to
relate roll amplitude to the curve presented in figure 3.
This curve was obtained from reference (c) and is essentially
the results of a subhjective evaluation by a team of analvsts
of the effect of roll angle on crew performance. Figure 3,
for example, states that some fatigue occurs and increased
effort is reaquired when the roll amnlitude reaches 6 dearees.,
Figure 2 can be used to determine that the smaller destroyers
with a beam of about 35 feet will encounter fatique inducing
or worse conditions about 85-90 percent of the time. At
about 10 degrees, according to figure 3, the roll amnlitude
reaches a point where some additional manpower is required
to accomplish the ship's functions. One can determine
from figure 2 how often such manpower is likely to bhe
needed. Such a need is reflected in a reauirement to increasc
the non-productive time allowance.




Table 1

FREQUENCY OF SEA STATES

AREA SS 3 SS 4 S8 5 SS 6 SSs 7
Rota 20.0 27.7 31.6 9.0 1.2
Tangier 20.7 27.4 30.4 10.8 Mot
Malaga 24.2 25.4 38.8 6wl 0.7
Sardinia 33.9 27.1 16.4 5.8 1.0
Annaba 22.1 23.4 25.8 9.0 2.6
Rome 31.7 17.2 8.4 2.0 0.3
S. Tvrrhenian Sea 32.5 23.4 14.0 3.9 0.4
Rhodes 32.9 22.1 17.5 4.1 0.8
Central Levantine Basin 21.4 27.5 28,2 7.4 1.3
Alexandria 21.4 28.3 30.8 6.2 15
N. Cyprus 37.5 23.3 16.2 3.0 0.3
Argentina 10.5 23.3 36.8 18.6 6.9
Bermuda 16.6 27.2 32.0 13.9 4.4
Guantanamo 32.8 28.4 18.4 2.7 0.1
Charleston 17.4 27.4 35.7 13.0 2.7
Norfolk 29.2 30.5 22.2 Tieoi ) 1.5
New Orleans 24 .4 31.7 26.9 5.4 0.5
Corpus Christi 24.5 35.8 27.2 5.1 0.4
Baja 19.1 32.8 35.0 7.0 0.6
Santa Rosa 15.2 28.0 37.1 14.7 2.1
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Table 1 (contd.)

FREQUENCY OF SEA STATES

AREA SS 3 SS 4 SS 5 S8 6 §S 7
Marcus Island 11.8 25.5 39.4 16.7 2.5
Hawaiian Windward 11.3 27.6 42.2 13 .5 1.8
Hawaiian Leeward 16.2 38,1 34.8 9.6 1.9
French Frigate Shoals 11.1 25.7 41.2 16.6 2.6
Kwajalein 11952 30.9 35.7 7.6 0.1
Eniwetok 25.7 28.6 29.0 6.9 0.7
Truk 17.2 32.5 34.4 780 0.3
Pagan 2% 4 27.4 42.5 13.4 1.6
Saipan 13.7 28,6 41.3 11.3 192
loror 17.5 29.5 34.5 7.9 0.0
Akyab 22.8 24.5 28,2 8.4 1.3
Visakhapatnam 24.3 25.1 28.9 7.5 1.5
Masulipatnam 24.6 30.0 26.6 7.2 1.8
Madras 22.9 29.9 29.2 7.0 1.1
W. Ceylon 16.9 30.6 36.1 6.7 c.3
S. E. Ceylon 16.1 28.2 39.6 9.l 0.5
Mangalore 28.2 27.1 21.8 5.6 0.5
Bombay 25.8 26.0 23.2 8.9 2.5
Gulf of Cambay 25.0 26.6 25.9 9.1 1.1
N. E. Arabian Sea 22.4 24.4 27.1 13.1 3.3




Table 1 (contd.)

FREQUENCY OF SEA STATES

AREA SS 3 SS ¢4 SS 5 8S 6 Ss 7
Eureka 10.2 23.4 36.4 21.9 4.7
Newport 8.5 21557 42.5 20.7 4.3
Cordova 10.9 21.7 35.9 19.3 5.8
Unimak 10.7 20.7 32.0 18.4 6.5
Attu 14.9 20.1 23.3  12.9 6.2
Nunivak 23.6 28.2 19,2 6.3 0.0
St. Lawrence 31.7 23.3 16.4 8.4 1.5
Barrow 17.2 10.9 7.7 2.8 0.0
Nagasaki 24.7 30.4 25.6 7.6 1.1
Central E. China Sea 18.3 26.8 33.7 13.6 3.1
Northern E. China Sea 19.8 27.8 30.9 12.2 3.0
Inland Sea 30.6 10.1 4.1 0.8 0.1
Matsue 21.3 28.3 26.2 11.5 212
Akita 21.1 27.1 27.5 11.4 2.2
Hakodate 22.5 23.7 27.7 9.3 Tvi7
Wonsan 26.8 31.1 20.4 8.4 0.8
Cheju Island 22.6 29.9 27.1 9.5 1 Bl
Inchion 34.9 26.1 17.8 4.4 0.4
Bonin Islands 12.4 26.4 39,2 151 2.6
Volcano Islands 14.4 26.6 39.06 13.2 2.5
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Table 1 (contd.)

FREQUENCY OF SEA STATES

AREA SS 3 SS 4 €s 5 55 6 gs 7
N. W. Arabian Sea 21.6 23.0 23.9 13.5 3.6
S. E. Oman 24.5 22.8 23°5 9.4 1.2
Gwadar 24.3 23.5 25.3 9.4 1.7
N. Gulf of Oman 32 1 20.1 b7 99) (U
€. E. Persian Gulf 33.1 18.1 7.5 0.9 0.0
N. W. Persian Gulf 29.2 17.8 Gill 1.1 0.0
AVERAGE 21.73 25.89 27.38 9.25 1.71

Jource - reference (b)
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Avpendix B
IV. Discussion

It is emphasized that the findings presented above are
tentative. In computing the averaqge freaquencies in talle 1,
the simplifying assumption was made that ships of a class
will enter any one given area as frequently as another.

This may not be the case and to the extent that such in-
equalities occur, the computed average freocuencies will be

in error. llowever, it is bhelieved that for the purnoscs

of the present study, i.~., the investigation of non-
productive time allowances, the olhtained accuracv is adcauate
to conclude that ship's motion 1s a highly relevant parameter.

The same conclusion holds in relation to tigures 2 and
3. UVigure 2 is bhased on unpublished data and no information
vas vrovided by NAVSEC relative to 1ts accuracy. Since it
includes onlv the one irdependent variable, shins bean,
its use is obviously an anproximation., If usedl to provide
cnly a gyoneral rathier than an exact irdication, however, it
1s helieved to Y.e adevuate for present nurnases,

As was stated earlier, figqure 3 is hased on the
subjactive imnressinns of a team of analvsts who conducted
the studv reported in reference (d4). Certainlv, valid
statistical data vould have nermitted more soundlv-base?d
conclusions. Lacking such data one should not discard tlr
subjective information. If it is the bhest data availalle,
it should !e used, hut with due caution. Certairly, it is
sufficiently accurate for one to conclude that a fatiaue
problem is freauentlv encountered on the smaller shipe,
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Appendix

V. Conclusions

The findings of this investigation indicate that the
motion of a ship in the more severe sea states has a
detrimental effect on crew performance. Ship motion in
turn is a function of ship size. The effect of ship motion
is exhibited primarily in the form of added fatigue. Above
certain levels, however, it may delay task performance.
Therefore, in any attempt to develop more accurate non-
productive time allowances, consideration should be given
to ship size in determining the magnitude of the allowance.

B-14
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Appendix C

INVESTIGATION OF PARAMETERS AFFECTING REOUIREMENTS
FOR NON-PRODUCTIVE TIME ALLOWANCES

Summarx

A study was conducted to further identify the parameters
alfifecting human productivity aboard ship, derive and docu-
ment their potential impact, and determine the potential
long range kenefits that can be attributed to more accurate
non-productive time allowances. Work in conducting this
study was separated into two phacsces. The first involved
a survey of the relevant literature and reporting of the
fini.ings. The second involved the review and analvsis of
the findings of a number of shipboard survevs conducted by
NPRDIL's Motivational and Survev Research Division. Fvidence
was obtained in the literature survey indicating that a
number of environmental parameters have a detrimental effect
on worker rerformance. Data identifying the cuantitative
impact of pertinent variables was not available. Lacking
such data, use was made of the findings obtained in a numher
of attitude and motivational surveys concducted bv NPRDL.
Relevant variables covered in these surveys included length
of work week, working space and owvalitv of shipboard life
including lighting, messing, noise levels, bunk and mattress,
head and shower facilities, locker and stowage space and
lounge facilities. No evidence was obtained in the surveys
to indicate that any of these variables or factors have a
significant impact on human productivity. Inasmuch as the
impact of length of workweek appears not to be significant,
one can tentatively conclude that the non-productive time
allowances actually granted are at least adequate. One
cannot determine on the basis of the available data if they
are excessive.
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I. Introduction
1./

Reference (a) requested that an investigation be conducted
to identify the variables affecting human productivity
aboard ship, derive and document their notential impact
and determine the potential long-range benefits that can
be attributed to the development of more accurate non-
productive time allowances. A study of the impact of ship
size and motion is reported in appencdix B. The imract of
leagth of vorkday and workveek is covered in appendix D.
The studv revorted in this arnendix had as its objective
the investigation of other relevant varialles.

1./ All references cited in this Appendix apoear on vp. C-19 -
c=21.




Apnendix C

II. pParameters Affecting the Requirements for an Allowance

Environmental effects and fatigue are so closely related
that they can be separated only conceptually. In practice
there is a significant interaction which would make any
attempt to establish independent allowances for these two
factors an unrealistic effort. A fatigue allowance may be
thought of as one that is applied to account for rest
periods and decreased efficiency due to the nature of the
work, independent of the environmental conditions. Sim.larly,
an environmental allowance could be considered to account
for loss of efficiency due to environmental conditions,
independent of the nature of the work. This theoretical
independence of fatigue and environment is often found to
be fallacious. For instance, raising the temperature from
a comfortable level to a higher level has a more adverse
effect on the performance of a strenuous task than on a
light task. Because of the interdependence of the type of
work and the environment, it is necessary to treat both
of these factors concurrently in determining the necessary
allowances. In this section brief discussions of several
environmental factors will be presented, including work
and fatigque, an approach to guantifying fatiogue and environ-
mental allowances, and a method for verifving allowance
requirements.

References in this section are arranged in alphabetical
order and referred to by name of the author to facilitate
the relating of findings to authorities on the subject.

A. Environmental Factors

There are a multitude of environmental factors that
can affect the performance of various tasks. The factors
to be considered here are those which have been shown to
significantly influence performance in certain settings
and which are prevalent enough aboard ships to have a
potential effect on allowance requirements.

1, High Ambient Temperature

It has been demonstrated convincingly that high
temperatures have an adverse effect on human performance
where the work involves a significant amount of physical
effort. The magnitude of this effect varies with the energy
required by the task, the ambient temperature, the humidity,
air movement, and the time the person has been exposed to the
high temperature (Grandjean, 1969; Jones 1970). The effect
on the performance of monitoring tasks, mental tasks, and
various simple low exertion tasks is not as clear, partlv

Cc-3
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because of the great variation in the conditions studied
(wones, 1970). Illowever, the effect of high temperature on
tasks of medium and high physical exertion are great enough
to be apparent, even under the varietv of conditions
studied. There are no generally accepted standards for
temperature tolerance limits; several guides exist. Tlor
instance, Woodson and Concver (1966) consider 75°F the
temperaturce av which physical fatique begins and 85°1" the
temperature at which mental activities slow down and errors
increase. A tolerable temperature for one hour is estir ated
to be 120°F.

During the shipboard visit aboard the DPD-938, the extent
of personnel exnosure to high temperatures was observed.
While most of the compartments of the ship were air-
conditioned, there vere several arcas that remained hot.

The temnerature in the fire rooms was between 100°F and
120°F. At this temperature, continuous worl: of even
moderate physical difficultv auickly leads to fatioue.
However, most of the tasks performed in these compartments
required little phvsical exertion or were intermittent in
nature. There wecre several other locations where the
temperature was above 90°F. However, only a few hillets
were affected. It was concluded that the vast majority

of the billets are not adversely affected by high temperaturecs.
fome experience moderately elevated tempcratures, and a
significant minority are exposed to very high temneratures.
This latter group recuires a higher allowance. 1In fact,

it is possible that the experimental scale used in the
present study underestimates the impact of the temperature
factor at the levels encountered on the DD-938.

2. Air Supply

The availability of ample oxygen has a considerable
fect on fatigue. The more complex motor tasks are
affected sooner than the simpler ones (McCormicl, 1957)
when oxygen is deficient. Strenuous physical tasks lead
to fatiguec sooner than when oxvgen is plentiful. Dust,
gases, and vapors can also reduce personnel effectiveness
as well as constitute a health hazard. This factor wvas not
observed to be significant ahoard the DD-938.

3. Humidity

Humidity influences an individual's comfort
and can lead to impaired performance. If humiditv s present,
together with high temperature, the effect is intensified
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sirce body cooling by sweat evaporation !.ecomes insufficient
if physical activity is maintained. The eifects of heat

and humidity are generally considered in conjunction with
each other, rather than independently. 1In fact, heat stress
is defined as the result of the body's integration of the
effects of air temperature, humidity, air movement, and
radiant heat (Jones, 1970). On the DD-933 only a small
percentage of the personnel were exposed to high humidity.
However, these individuals were also exposed to high
temperatures in almost all cases (in the fire room, scullery,
laundry room), thus making them more subject to fatigue.

4. Noise

Where tasks have a significant auditory component
associated with them, any extraneous noise will impair the
performance of that task. However, in non-auditory tasks
the effect is not clear. The number of studies showing a
decrement in performance appears to be about eaual to those
showing no decrement. It is possible that a phvsiological
measure may show that a greater effort is reauired to perform
inder the effects of loud noise; however, onlv fragmentarv
evidence has been found to support this hypothesis. It
appears that only a few areas aboard a typical ship have
high ambient noise levels (aircraft carriers are an exception
to this general rule). FExamination of detailed noise
measurement data for several ships showed th«t except for
a few compartments, such as engine rooms, noise levels
rarely exceeded 85 db, which is often considered to be the
highest noise level that personnel can experience for long
periods of time without adverse effects (McCormick, 1957).
Wafford (1968) in presenting guidelines for Air Force
aircraft recommends ear protection at 82 db and considers
it mandatorvy at 92 db. Louder noise can lead to physical
damage, althcugh the effect on the performance of non-
auditory tasks is not clear. In reviewing some of the
literature in this field, Grether (1971) states that noise
causes per ‘ormance decrements in reaction time, two-hand
coordination, and vigilance. The decrement more often
manifests itself in the form of more errors than in the
decrease of speed. The effect of noise may depend on
factors other than just its physical characteristics. For
instance, Matsui and Sakamoto (1969) found that the effect
of noise depended on whether the noise was produced by the
workers experiencing it or by a process unrelated to the
work done. Noise not intrinsic to the work performed vas
more deleterious.
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Approximately 70 nersonnel aboard the DD 938 are con-
tinuously exposed to high noise levels while on the job.
These are the billets assigned to the fire rooms and engine
rooms. Although relatively few billets would be affected
by the noise factor in their non-productive time allowance,
it cannot be implied that noise has a negligible effect on
pezsonnel. Adverse effects on morale and hearianag (if ear
protection devices are not used) are likely.

5. Lighting

A wide range of light levels is acceptable to
most peouple before there is a significant decrement in per-
formance due to an improper lighting intensity. Exceptions
include tasks that require high levels for fine inspection
tasks or very low levels of light for observation of CRT
screens, etc. Even when ambient light levels are within the
acceptable range, the presence of glare can adversely affect
performance. Therefore, both the light levels and the
existence of glare need to be taken into account. UWoodson
and Ccnover (1966) and McCormick (1957) list recommended
lighting levels for various tvpe. of tasks. Although most
of these tasks pertain to industrial settings, some of them
are applicable to shipboard activities. Few personnel were
found working under unfavorable lighting conditions. Where
illumination was verv low, as in the sonar room and the CIC,
this condition was necessary to ensure good visibilitv of
displavs.

6. Ship Motion

The motion a ship encounters at sea has an
obvicus detrimental effect on human performance. This
problem is discussed in Appendix B.

7. Vibration

Vibration has been studied in numerous contexts.
It is known that vibration can producc physiological damage
to humans if the amplitude is sufficiently great. DPifferent
regions of che body are affected by different freauen-ies
of vibration (Bender and Collins, 1969). However, long
before serious physiological damage is sustained, taere can
be a significant impairment in the performance of various
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tasks. The use of hana tools in maintenance tasks appears
to be affected most by vibrations under 10 llertz. Vibration
at these and somewhat higher freouencies are known to impair
performance on visual tasks such as reading dials (Townsend,
1967). The effect of vibration depends on scveral factors
such as frcauency, amplitude, direction, and duration.
Because of the relatively large number of factors that
influence the effects of vibration on humans, it has been
difficult to develop standards that are universally acceptable.
The existing standards need to be studied to determine which
are the most closely related to the shipboard environment
and can best be tied to a non-productive time allowance.

8. Physical and lMental Demand

Even in the most favorable work environment there
vvill be some fatigue resulting from continuous work. The
extent of the fatigue depends on such factors as the encray
expenditure, the number of muscle groups used (Morioka,
Numaijiri, Onishi, and fasaki, 1971}, the amount of static
nuscular work performed, and the bhodv position maintained
during work. The longer the work period, the greater the
fatique effect. For this reason it is not possible to
directly aprly data obtained under tvnical industrial
situations, with the 8-hour day, to the Navy's problem.
While physical effort is probablv the most common source
of fatigue, and the easiest to measure, fatigue can also be
produced by purely mental tasks, vnarticularlv if great
concentration is recuired. During the ship visit an estimate
of the potential for fatique for the various billets was
made. The assessment of mental fatigue was based largely
on interview data while phvsical fatigue was estimated by
observation. It is recognized that both techniaues are
subjective and serve only as rough first approximations.

9. Quantifying Fatigue and Environmental Allowances

There is little consensus on how to account for on-
the-job fatigue. As was mentioned earlicr, many organiza-
tions employ a constant fatigue allowance for all jobs
regardless of the differing job demands. Others recognize
that existing diffcrences in task difficulty require dif-
ferent allowances. !'ovever, there is no single systematic
method that has been widelv accepted for setting allowances.
There are a number of scales that are currently being used
which include most of the factors that are relevant to the
shipboard environmeunt (e.g., Cornman, 1970; DSAM 1100.2,
1969). Vibration and shin motion are the main environ-
mental variables that are not accounted for in anv of the
existing scales.

i
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When using any of the existing scales, an estimate is
made of the working conditions and the physical (or mental)
difficulty of the work. Each environmental and work factor
is evaluated and scaled. Fach scaled factor, or all factors
collectively, is converted to a fatiqgue allowance. Most
scales have a linear relationship between the level of the
environmental and work factors and the allowance. In some
cases a certain threshold must be recached before any fatigue
allowance is specified. Once this threshold is passed, the
allowance increases linearly with any rises in the environ-
mental or work factor levels.

An experimental scale of this type was developed for the
present study. It contains some factors not appearing in
previously constructed scales. It may be necessary to have
other than a lincar relationshin between the levels of
various factors and the allowance, i.e., hiagh levels of
two factors may warrant a higher allovance than simply the
sum of the allowvances for the two factors taken separately.
However, this was considered too comnlex a aduestion to be
resolved in the present study. The data gathered in the
shin visit wvere apnlied to this experimental scale to
determine the fatigue allowance for the various billets.

It is recognized that this approach has a larqge subjective
component. The results must be considered onlv as a first
approximation for usc in determining the reed for and
feasibility of develoning a more accurate allowvance. Before
there can be any implementatiou of such an avnroach,
considerable refinement and validation tould be necessary.

10. Fatigue, Objective Assessment, and Verification

An objective basis is needed for use in developing
fatigue environmental allowances. The present allowances
in the SMD are set arbitrarily as are allowances in industry
in most cases. A major reason for this lack of objectivity
is the difficulty in determining what the effect of verious
environmental factors and work conditions is on an individual's
perfcrrrance. An empirical determination of the effects of
various factors on performance in a given situation is usually
costly and time consuming. Consecvuently attempts are
frequently made to develop "rules of thumb" to permit an
estimate of the fatigue effects of certain types of work
performed under certain conditions. Since multiple factors
are typically operating in any situation, it is necessary to

C-8
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account for the interactions between the various factors,
which makes this a complex problem. Because of the hazards
of inferring fatigue from performance levels, regardless of
whether one or more factors are significant in a given
situation, it is necessary to have other techniques available
to verify any tentative fatigue allowances that are based on
available studies.

1f fatigue al.owances are yrossly inadequate, this
will become apparent eventually. Some of the symptoms of
this condition are increases in complaints about overwvork
and fatigue, mcre errors in the performance of various
tasks, decreased morale, increases in the number of sick
bay visits. It may take some time before these trends
become apparent, however. If the problem is confined only
to a few divisions, it may be more difficult to detect. In
any case there is little precision in this "wait and see"
approach.

There are a nutber of work study techniaues that can
reveal insufficient or excessive ratigue allowances. How-
ever, they recuire considerable familiavity with the job
being studied as well as much suhjective judgement.

Greater accuracy can be obtained bv utilizing a number
of objective physiological principles that are applicable
to a large proportion of the shipboard billets. It is known
that serveral physiological factors are closely related to
the physical exertion required by the work performed. At
some levels of exerticn these factors are very highlv
correlated with each other. There also appears to be
excellent correlation between certain of these phvsiological
factors and subjective estimates of fatigue over a large
range of work load.

A series of studies indicate that the maximum daily
energy expenditure available for work is about 2500 kcal.
for a normal healthy male (Brouha, 1960). Creater energy
outputs for sustained periods of time can be harmful
physiologically. Somewhat lower limits (e.g., 2000 kecal.)
have been recommended to allow a margin for safety (Lehm:n,
1958). Normally no direct measurement is made of energy
expenditure. lowever, by measuring oxygen consumption the
energy expenditure can be calculated (Bonjer 1969).

Heart rate is accepted by many researchers as the
best single indicator of physical exertion. It is affected
not only bv the work being performed, but also by environ-
mental conditinns (such as heat and humiditv) that contribute
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to the physiological stress in the work situation (Burger,
1969). Within certain limits there is a linear relation-
shin between heart rate and energv expenditure for nhvsical
work provided that environmental conditions remain constant.
For relatively light tasks heart rate quickly reaches an
equilibrium point wvhere it remains throughout the work
session. If verv strenuous work is performed continuously
pulse rate increases until exhaustion halts the activity
(Grandjean, 1969). Thus, in any work situation the recauire-
ments placed on an individual rnust be such that heart rate
can level off at some constant rate. Although there is not
complete agreement as to what this level should bhe, there

is enough consensus to permit rather close agreement even
when several different approaches are taken.

Not all billets on a given ship involve work where
stress or fatigue effects are realistically reflected by the
heart rate. If fatigque in the work is due primarily to
factors other than physical exertion the heart rate may not
be a good measure of the fatigue level (and the need for a
rest pause). Thus, a sedentary task requiring qreat con-
centration may produce a high level of mental fatigque
requiring a rest neriod for the operator to avoid a major
decrement in nerformance. However, monitoring of his heart
rate may not give an accurate indication of his fatigue or
stress level.

The physiological stress on the body, which is the
parameter that determines the rest pause reouirement, is not
determined solelv by the energy expenditure. For instance,
a given energy output will lead to more fatique if the work
involves only a single muscle jroup than if several muscle
groups or the whole bhody is involved (Astrand and Rodahl,
1970). This phenomenon is reflected bv heart rate data.

In addition static muscular work places a greater physiological
stress on the body than dynamic work (Davis, Faulkner, and
Miller, 1969). This fact is also evident from heart rate

data but not from energy expenditure data. The ambient

heat is another factor that increases physiological stress.
This is readily detected by monitoring heart rate, although
energy expenditure (or oxygen consumption) is not sensitive

to this factor (Kamon and Belding, 1971).

There are a number of similar guidelines that are
currently being used in industry or are recommended by
researchers concerning acceptahle heart rates for wvorkers.
Often an average heart rate for a full dav is specified,
generally in the range of 110 to 120 beats per minute for
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an eight-hour working day (Astrand and Rodahl, 1970;

Snook and Irvine, 1969). It is assumed, of course, that
there will not be great fluctuations in this parameter,
since there is not a linear relationship between heart rate
and physiological stress (e.g., an hour of & heart rate of
60 and an hour of a heart rate of 180 is more fatiguing
than two hours at a heart rate of 120). An alternative
criterion is to specify the allowable increment in nulse
rate between rest and work, typically 30 or 40 beats

(Grandjean, 1969). Still another variation involves Aan
increment above the resting rate and the maximum rate
attainable (Leynik 1971). For all of these guidelines it

is assumed that extreme heart rates will not be reached.
Heart rates above 85% of the maximum attainable rate
(which is a function of age) are not recommended for any
work situation (American Heart Association suggestion).

Considerable study is still required to permit the
assessment of the feasibility of utilizing heart rate
measures (or other physiological techniaues) in the Navy.

At this stage only the rationale for its use is fairly
clear. 1In brief, a physiological measure, of which heart
rate appears to be the best candidate by far, would provide
an objective measure of the fatigue produced by the work

and the work environment. This would end denendence on the
various subjective approaches that are commonlvy used. The
allowance required for various tvpes of work under various
environmental conditions could be determined empiricallv.

It appears that physiological techniaues of fatique assessment
are applicable to all, or nearly all, shipboard billets.

It would still be necessary to determine vhether the equip-
ment typically used in industrial situations is suitable
onboard ships. This question is particularly relevant where
telemetry techniques are concerned. Some assessment of the
costs involved would also neced to be made hefore any
significant program in this area could be recommended.

It appears that a thorough physiclogical approach to
fatigue allowance assessment wculd be costly. A more
feasible program would involve a more limited reliance on
physiological measures. Only selected ratings mav need
to be studied to provide a number of objective "anchor
points" from which fatigue allowances for other ratings
could be scaled by the more commonly used techniques dis-
cussed above. Thus, selective application of physiological
techniques would serve as a means of refining or validating
the scale developed by the more traditional approaches.
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III. Parameters Investigated in NPRDL Surveys

A. Survey Findings

The relevant parameters covered in NPRDL surveys
(references (x) throuah (z)) are listed in table 1 and in ficure
1. Those listed in table 1 are considered as major parameters
and include length of workweek, working spaces and aquality
of shipboard life. The parameters listed in figure 1 are
an amplification of the latter parameter, i.e., auality
of shipboard life.

The findings listed in table 1 relat®v. to length of
workweek indicate that length of the workweek has little
impact on career intentions. About the same percent of
personnel working the shorter workweek intend to leave the
Navy as that of personnel who work a longer workweek. The
six in ten who indicated in a later survey that length of
workweek is an influence ajainst a Navy career is numerically
consistent with the earlier findings. One cannot be certain,
however, that this finding is a significant factor in terms
of retention. Before one could reduce the workweek on board
ship, he would have to make certain that a more serious
problem was not encountered in the form of boredom, etc.,
resulting from an inability of shiphoard personnel to make
effective use of the increased leisure time.

The finding that long hours at sea are experienced in
greater degree by the more experienced and career-oriented
personnel may stem from a tendency to use such personnel
for manning watch stations. It may indicate a tendency
to make greater use of such personnel because of their
experience and superior efficiency. It could be indicative
of a higher level of motivation among such personnel. 1In
any event, it faiis to indicate that the long hours actually
affect retention and the morale of these people.

The findings relative to working spaces appear to lack
statistical significance. Although 50 percent of the
enlisted personnel felt that working srnaces were unsatisfactory,
apparently an eaqual number were unconcerned. However, those
indicating concern were primarily career-oriented personnel.
It is reasonable to conclude that such personnel are concerned
with their personal comfort in a chosen career. This,
however, does not constitute evidence that a significant
effect is exerted on retention, morale or human productivity.

c-12
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Appendix C

The finding that the quality of shipboard life is not 1
a relevant factor affecting retention is believed to be
higl..y significant. It appears that financial conditions,
not working or living conditions, are the more dominant
factors affecting retention and morale. Apparently, length
of the workweek, working spaces, fatigue and other factors

contributing to quality of shipboard life are relatively
minor considerations.

As can be observed from figure 1, age of the ship
causes a noticeable difference in the responses made to
the various life auality factors. Of the other responses
made to the various factors, onlv the lighting in the living
areas appears to be fullv adequate. All other factors
appear to be less than adequate hut not completelv inadecuate.
About the only conclusion one can reach, hovever, is that
improvement is possible and desirable.

N T . e
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Anpendix C

I'. Discussion of Survev Findiprgs

In no instance do the survey findings summarized
above indicate that any of the various factors has an
effect upon the work output or productivity of shinboard
personnel. This is especially true in the case of the
length of the workweeck. Hours of duty appear to have
little or no effect on retention and morale. It is possible
to extrapolate from this finding to arrive at a tentative
conclusion relative to the non-productive time allowances
currently being granted to shiphoard personnel. To make this
extrapolation one must emnlov the following locic. If crew
members were suffering from chronic fatique at the time of
the survey, which was brought on by inadequate time off, it
is likelv that a strong aversion to length of the workweek
vould have heen exhibited. Moreover, such fatiaue would
have heen one of the primarv factors listed as contributing
to lowered aualitv of shinhoard life. Iowever, this was
not the case. No indications are to be found in the survev
findings that chronic fatigque or inadeauate non-nroductive
time allowances are considered as matters of serious concern.

As was pointed out in the main body of the report,
there is little or no relationshin hetween the 20 percent
allowance used in developing the SMD and the actual time
off granted to shipboard personnel. If a shin is heing
excessively manned because of factors other than the 20%
allowance, then the actual time off granted to shiphoard
personncl could be much larger on the average than 20 per-
cent. One cannot conclude, however, that this is actually
the case without knowing how shipboard personnel are
used.

The finding that longer hours are worked by personnel
with two or more years at sea and by those in their second
or greater enlistments appears to indicate that personnel
in higher ratings may require greater non-productive time
allowances than those in lower ratings. Results of the
survey appear to indicate, however, that even these per-
sonnel are actually receiving adeaquate allowances.




Appendix C

IV. Conclusions

Conclusions reached on the basis of surveys which
were conducted for other purposes can only be considered
tentative. However, considering the available evidence it
does appear that none of the listed factors have a significant
effect on retention and morale. 1In turn, it appears
reasonable to conclude that the actual non-productive time
allowances personnel were receiving at the time of the
surveys were adequate. It is assumed that the ships were
essentially fully manned. One cannot determine on the hasis
of the availabhle information, however, if the allovances
are larger than necessary.
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(h)
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Appendix D

RELATIONSHIP BETITEEN NUMBER OF
HOURS WORKED AND THE EFFICIENCY OF
WORK PERFORMANCE

Summar

A brief study was conducted to determine the relation-
ship between number of hours worked and the efficiency of
work performance. It was found that the number of hours a
man works per day or per week exerts an effect on hourly
production, total production, absenteeism, and accident
rate.

It appears that the optimum workweek aboard ship is
8 hours ver day and 48 hours per week. A longer workweek
may require a larger non-nroductive time allowance than wouid
be the case with one which is shorter. Further research
is required to establish the optimum relationship among
the. j.irameters: length of workweek, work output and non-
productive time allowance.
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Appendix D

I. Introduction

In any attempt to improve the accuracy of the non-
productive time allowance (NPTA) used in generating
billet requirements, consideration must be given to the
length of the workweek currently employed. The standarqd
workweer for personnel assigned to watch stations is 74
hours. That for non-watch personnel is 66 hours. These
workweeks are, of course, considerabhly longer than those
used in industry. Therefore, in developina an NPTA one
must determine if the longer workweek is a relevant factor
and, if so, take it into account in generating the new
allowance.

I1. Lffect of Number of Hours Worked on Rate of Work

The number of hours a man works per day or per week
appears to affect both the rate at which work is performed
and the btota. oatput. In general, a shorter workweek is
required to maximize output per man hour than is;ypequired
to maximize the total output. Chapanis (ref.(a)-makes the
statement that "the many studies seem to agree that
production per hour is greatest with approximately 36 to 44
hours of work per week." The optimum number of hours (Ref.(b)
between 36 and 44 is dependent upon the tvpe of work being
performed and will vary from plant to plant. For example,
in a study by Pressy of nproduction in a box factorv, the 40
hour week is hest. The results of Pressy's study are shown
in Figure 1.

In a study by Kossoris, U.f. DNenartment of Labor, of
production in 12 metal worling nlants (ref.(c), it wvas
also found that the 8-hour dav and 40-hour week combination
vields the highest output for each hour worked. 1In this
studv, of less than 40 hours, veeks were not investigated.

No information was found to indicate that a man should
work more than 8 hours per day. Figure 2 shows the effects
of two different length working days on average hourly
production in metal-working plants (ref. (c)). As indicated
by the graph, the 7 1/2 hour day is consistentlv superior
to the 9 1/2 hour day.

1/ All references cited in this Appendix appear on p. D-14.
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Most studies of the effect of overtime on hourly
production agree that production is lower both on the day
on which the overtime occurs and on the following day.
Kossoris (ref. (c) states that "workers adjust themselves
to longer hours by slowing down, not because they wvant to
but because they have to."

I1I. Effects of Hours Worked on Total Output

If the production goal is to maximize total output
from a given number of workers, then a longer workweek is
required. According to Chapanis (ref. (a)), "to get the
maximum work per week from each worker, a man on the average
should work about 48 hours per week." Again the number of
hours per week required to maximize total output will vary
from plant to plant and from one type of work to another.

In the absence of specific information as to the number of
working hours reaquired to maximize output, it appears that
the 8-hour day and 48-hour week is the best choice.

In support of the 48-hour weck, Kossoris (ref. (c)) states
that the 5-d vy week and 8-hour day is more efficient on the
whole than a work schedule of longer hours, but that there
is little sacrifice in efficiency if a sixth day of 8 hours
is added. The sharp break comes, according to Kossoris,
then the daily hours are raised from 8 to 9 1/2, 10, or 11,
»r when the days per week are increased from 6 to 7.

IV. Effect of Number of Hours Worked on Absentee Rate

It frequently happens when the length of the workweek
is increased above the standard 40 hours, the gain in total
output is partially offset by an increase in absenteeism,
Kossoris (ref. (c)) noted little difference in absenteeism
between 5 and 6-day weeks as long as the daily hours were
limited to 8. In a plant working a 6-dav week, the
absentee rate was nearlv doubled when daily hours vere
raised to 9 1/2 and the 5-day week restored.

Blum (ref. (d) indicates that the 8-hour day and the
6-day .veek will increase the absentee rate, although he
does mnt present any data to support his position. He
stat that the "Increase in absenteeism with the 8-hour
day and 6-day week is probably due to more a desire for
leisure time or recreation than to an accumulation of
physical fatique."

R T
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V. Effect of Hours Worked on Accident Rate

A study by the U. S. Public Health Service (ref. (e)).
indicates that accident rate is more sensitive to rate
of production than to fatigue. Thus, workers whc are
required to speed up in order to increase total output
would be expected to have more accidents than workers who
are required to work longer hours to accomplish the same
goal. However, fatigue does increase the accident rate.
In the U. S. Public Health Service study, the effect of
fatigue was obtained bv dividing accident rate bv rate of
production to obtain accident ner unit of mnroduction.

Table 1 lists the ratio of accidents to production
for machine work in a munitions plant on a 10-hour dav.
As can be seen in the tahlc, the accident rate rer unit of
production is the bighest for the lacst hour of the dav,

shows the ratio of accidents to production
«.. wue same plant for dexterious hand vory. Again an
effect is evident. The accident rate mer unit of nroduc-
tion is much higher for the last hour of the dav.

Table 3 shows the ratio of all plant accidents to
production in an automobile plant working an 8-hour shift.
'~ effect of fatigue is not evident for the last hour
worked as is the case for the 10-hour plant. (table 4)

A number of years ago an analysis wvas made of rcocrds
of industrial accidents from Germany, Fngland, and the
United States. Many of these data were obtained when 6
hours of consecutive work was common. TFigure 3 shows the
percent of all accidents plotted against successive hours of
work. About 45 percent of all accidents occurred Aduring the
5th and 6th hours.

VI. Lffect of Number of llours Vorked on Freauency of Human
Errors

Data concerning the effect of numbher of hours worked on
the human error rate are not available. It is bhelieved,
however, that human errors stem from the same causes as
accidents. Actually, many accidents result from human errors.

According to Chavranis (ref. (a)), an "effect of fatique
can be found by analvzing errors made in production over a
period of time. Freauentlv the numbher of errors will increase,
even though there has heen no serious drop in the aquantitv of
production. Such a rise in errors is an indication of
fatigue just as much as does a dron in production."
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VII. Discussion

The data presented above indicates that up to a 48-hour
week, the number of hours worked per day is a more important
consideration than length of workweek. However, above
48 hours per week, total production output starts to
decrease. The Navy workweek on board ship, as was indicated
earlier, is considerably in excess of 48 hours. Therefore,
it may be that something less than maximum output is being
realized. Several factors must be considered, however, before
one can conclude that this is the case. The work of a
watch stander, for example, is far different in most cases
from that of the production worker. The same is true of the
work performed by the occupant of a service hillet. It
appears likely on the basis of the finding in Appendix B
that personnel in these billets may have ample time to rest
during the course of the work period. On the other hand it
may be that something less than the maximum total output
is being obtained from personnel in bulk task billets. It
may well be that they are of necessity taking longer rest
periods than would be the case with a shorter work day or
week. If so, some increase of an as yet unknown amount in
the NPTA may be necessary to compensate for the longer work

day/week. Certainly, further research in this area is in
order.
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VIII. Conclusions and Recommendations

The number of hours a man should work per day or per
week depends upon the production goal. If the goal is to
maximize the output per hour, then an 8-hour day and 40-hour
week combination is best. If the goal is to maximize total
output, then an 8-hour day and 48-hour week combination is
best.

Since in a shipboard context the goal is maximum total
output, this latter combination is preferred over the shorter
workweeks. Inasmuch as the workweek exceeds 8 hours per
day and 48 hours per week, it is possible that a larger
non-productive time allowance may be necessary. Additional
research will be required to cstablish the optimum relation-
ship among the parameters; workweek length, total work
output and magnitude of the NPTA.
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Appendix E 5

DETAILED RESPONSES TO QUESTIONS POSED BY OP-01B(Z)

Y

1
Reference (a)~listed a series of questions from OP-01B(2Z)
which have to do with the utilization and productivity of

manpc oard ship. A number of studies were conducted
and i earlier in order to respond to these questions.
The g ns and a summary of the responses developed in

] the variocus studies are outlined below.

Question (a): Are there variables associated with ship
size, configuration, or age that can be
isolated as contributing to the increase
or decrease in human productivity? If so,
derive and document their potential impact
on Navy ships.

Response: Studies dealing with variables associated with
ship size, configuration and age are reported
in Appendices B, C and D. Variables affecting
human productivity were found to include ship
motion and ship size, length of the work day,
length cf the workweek, temperature, noise,
etc. Ship motion causes additional fatigue
above and beyond that resulting from the normal j
workload. When extremes of ship motion occur, {
all but essential work ceases. Lost time due to
motion of the ship contributes to unavoidable
delays and affects allowance requirements.

Ship size is a relevant variable primarily .
because of the relationship between ship motion |
and size of ship. The study reported in appendix
B indicates that ships of the size of the smaller
destroyers incur fatiqgue inducing motion about
85% of the time when they are at sea. |

Length of the work davy beyond 8 hours and
length of the workweek beyond 48 hours were
shown to decrease total output in production
line work and to increase the accident rate.
However, a survey of the factors affecting
personnel retention and morale aboard ship
failed to indicate that length of the wor} day
or workweek as constituting a problem area. A
possible explanation for this apparent incon-
sistency may be found in the type and degree of
difficulty of shipboard work and in the level
of motivation found aboard ship. It may be that

1/ All references cited in this Appendix appear on p. E-6.
E-1
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the non-productive time allowances actually
granted to shipboard personnel tend to
compensate for the longer hours.

Appendix C shows that the more experienced
and the career-oriented personnel tend to work
the longer hours, so perhaps motivation is a
factor.

Appendix C also indicates that Navy personnel
in evaluating the adequacy of the cquality of ship-
board life tend to rate the newer ships well
above those which are ten years or more older.

One cannot determine on the basis of the

available data, however, if the age of ship
actually affects human productivity. The same

is true of other variables covered in appendix C.
Improvement in parameter values leading to higher
quality of shipboard life is certainly in order.
No evidence was available, however, to indicate
that these variables have any meaningful gquantita-
tive effect on productivity.

Question (b): Are there variables that can be isolated
and analyzed in terms of the environments
that work is performed in and can these
identified variables be determined so they
apply to basic rating groups?

Response: Fourteen variables were identified and employed
in the experimental methodology of Section VII
to evaluate allowance requirements. The evalua-
tion of fatigue allowance for the DD 938 using
this methodology demonstrated that these variables
can be isolated and applied to basic rating groups.
The results of this application are discussed in
Section VII and in Appendix C. It was indicated
in Section VIII and in the conclusions stated in
Section IX that the benefits to be obtained by
employing this methodology as a management tool
definitely exceed the costs that would be incurred
in its refinement and validation.

Question (c): Can human effectiveness criteria be deter-
mined, a‘’. the work center level and on a
variable basis, which are based on the work
required? If so, what is the recommended
approach for their derivation?



Response: The problems associated with the development of
human effectiveness criteria are discussed in
appendix A. It is pointed out that human
effectiveness criteria are primarily relevant
to the operational effectiveness of weapon
systems, ships, etc. The development of such
criteria to date has been accomplished primarily
as a part of the equipment and ship development
and deployment effort. Further work in this
area is recommended only as part of a long-range

f human factors research program.

Criteria concerning the efficiency (as opposed
to effectiveness) with which personnel are
utilized needs further study. One of the
Navy's major objectives is to meet reauired
operational capabilities with minimum manpower. i
At present, criteria do not exist for
F accomplishing this objective. It apnears,

however, that it is not only feasible but
essential that such criteria be developed.

Question (d): Are additional research efforts cost effective
in terms of the potential pay-offs?

Response: It is recommended in Section X that priority be
given to a research program to obtain second-
generation improvements in the SMD methodology.
Additional research is recommended to refine ani
validate the experimental methodology employed
in the present study and to generate the data
and procedures needed to more accurately assess
delay allowance requirements. Costs of and
benefits from the research programs are discussed
in Section VIII.

Question (e): Can standard allowances used in industry be
useful in validating or updating standard
Navy allowances or are empirical studies
required for validation? If so, identify
their source, applicability, and usefulness i
in terms of updating current productivity
allowances. If not, recommend approaches !
for empirical validation of the allowances. i
|
|

Response: Standard allowances as used in industrv generally
are not applicable to Navy ships, primarily
becuase of the more severe working environment
found aboard ship. Further research was recommended
earlier to refine and validate the experimental
methodology. Problems and approaches associated
with this recommended effort are discussed in |
Section VI. '
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Question (f): What are the potential long-range benefits

Response:

(i.e., retention, morale, quality of work
performed, etc.) that can be attributed to
a study of the human factor allowances
related to shipboard work?

The investigation of variables affecting human
productivity is reported in Appendices B, C

and D. It was tentatively concluded on the basis
of this investigation that the actual non-
productive allowances shipboard personnel have
been receiving are adeauate, since no effect on
retention and morale was found. Data used in
arriving at this conclusion was obtained from
reports of earlier surveys conducted by NPRDL.
The fact that actual allowances received appear
adequate does not mean that the constant 20%
allowance is correct. If implies rather than an
adequate number of billets have bheen provided in
the past. However, as number of billets are
reduced, an increased benefit from the correction
of imbalances in the allocation of allowances
should be realized.

Question (g): Should the name (currently Productivity

Response:

Allowances) associated with human factors
allowances be changed to a more appropriate
term and/or should the allowances currently
applied in the SMD methodology be included
in a different method of application?

The workday of shipboard personnel may be thought
of as consisting of productive and non-productive
components. Assuming a high degree of motivation,
the non-productive component arises as the result
of time required off for the satisfaction of
personal needs, rest in order to recover from
fatigue and unavoidable delays beyond the control
of the worker. In industry, the allowance
granted to cover such non-prcductive time is
called a personal, fatigue and delay (PFD)
allowance. If the onlv time granted off in a
given plant is for personal needs, it may be
referred to as a personal allowance. The Air
Force normally grants time off only for

personAal needs and rest (time off for delays

is granted only after rigorous justification),

so they refer to it as a P&R allowance. If one
has to refer to the time granted off without
identifying the components, it appears that the
only relevant generic term is non-productive

time allowance (NPTA). It is recommended, there-
fore, that it be so designated.
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Question (h): Are specific rating groups more inclined to

Response:

have a sensitive relation to the human factor
allowances and if so, what are they and does
the fractional man concept reduce the
necessity for study in other rating groups
that are not sensitive to the allowance?

It was pointed out in Section V that all personnel
aboard ship receive an allowance in one form

or another. This question is interpreted as
referring to the allowance such personnel should
receive without concern for the impact of the
allowance on billet requirements. The answer

is that certain rating groups require larger
allowances than others because they work under
more difficult environmental conditions, etc.
The problem is explored for the DD 938 in
Section VII. It is treated from a more general
point of view in Appendix C.

The scope of the present study did not permit
any conclusion to be drawn to the effect that
given rating groups are not sensitive to the
allowance. Further study along the lines
recommended will be necessary to obtain an
answer.

It does not appear that the fractional man
concept affects the need for or the application
of allowances.
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APPENDIX F

List of urganizations Contacted or Visited

Eastman Kodak Corporation, Rochester, N. Y.

IBM Corporation, Manasas, Va.

Westinghouse Electric Corporation, Pittsburgh, Pa.

Defense Supply Agency, Washington, D. C.

G. A. Schwenk and Associates, (Incorporated) Charlotte, N. C.

Mitchel Feiu, Research Director, Handwork, Measurement
Division, AIIE, Hillsdale, N. J.

Work Physivlogy Symposium, Ann Arbor, Michigan,
12-15 Sept 1972




Appendix G

SUMMARY OF OBSERVATIONS ON SHIPBOARD VISIT

During the visit to the U.S.S. JJonas Ingram (DPD-938), vorking
conditions were observed during Condition I1I readiness.
Physical difficulty of the tasks performed and the environ-
mental cond.tions were observed to the extent possible.
Observations were recorded on work sheets for the 14 different
environmental and work factors that were believed to have the
greatest effect on fatigue. Each factor was quantified in
discrete levels according to previously determined criteria.
Observations were supplemented with discussions with various
enlisted personnel. Information obtained and opinions
expressed by enlisted personnel include the following:

l. There is some expcsure to temnerature extremes.
This is primarily in the fire rooms and engine rooms, where
temperatures are typically in the 100°F to 120°F range.

2. No billets were identified that reauired strenuous
physical work for long periods of time. Chort neriods of
considerable physical exertion were observed for a number of
billets and were stated to be reauired for many others.

3. No billets exist specifically for the purpose of
relieving watchstanders for brief periods of time. This
function is typically performed by the supervisor, or another
watchetander who is able to time-share both watchstanding
tasks for a short time.

4. Few personnel are subjected to outside weather
for extended pericds of time. The personnel exposed to the
veather are primarily watchstanders who do not receive a
productivity allowance.

5. In many of the divisions the workload fluctuates
widely. Consequently there are substantial periods of idle
time interspersed with periods of peak activity.

6. Exposure to high noise levels (approximately 100 db)
occurs in the fire rooms and the engine rooms. In both
cases it occurs in conjunction with heat stress. However,
there are few strenuous physical tasks performed in these
compartmerts. In addition, since the vast majority of the
tasks involve watchstanding, the magnitude of the allowance
lias little effect on the manpower requirements.

7. The 20% allowance appears to be excessive for many
billets. The environment is often cguite comfortable, the
work often reauires little exertion, and there are adeauate
lulls in activity to avoid fatigue.
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8. There is relatively little repetition of activity
for most billets. Thus, an assessment of the nature of the
work of a given billet cannot be done accurately on the basis
of a short period of observation.

9. A number of "service" billets can be identified.
They are defined as billets which require the incumbent to
be available for a specific set of duties, making him un-
available for reassignment to another task even during a
temporary lull in his normal duties.,

10. 1In several divisions over-staffing was acknowledged
by the supervisors. This admission can presumahly he taken
at face value since there is no reason to claim a ron-
existant personnel surplus,.

11. Several CPO's complained of personnel shortages.
However, the brief observations made of the work activity
i in their divisions could not verifv their contentions.

12. 1n the opinion of a large proportion of the enlisted
men contacted, excessive cmphasis was placed on facilities
maintenance at the expense of corrective maintenance, vre-
ventive maintenance, and even watchstanding. This may have
significant morale implications as well as manning effects.

13. Lack of spare parts was cited by one CPO as the
greatest maintenance problem. Often for lack of a minor
spare part, several hours need tc be spent in fabricating it.
Thus a potential surplus in manning can be turned into a
deficit.

14. Preventive maintenance tasks are often postponed in
favor of corrective maintenance and facilities maintenance,
most frequently the latter.

15. There is conflict of opinion concerning the value
of performing some of the preventive maintenance tasks.
While some CP0O's endorsed the practice of performing all the
specified preventive maintenance tasks, others observed that
in the process of checking various commonents, others are
sometimes damaged, thus requiring corrective ma® .enance.

1l6. Only a few enlisted men worked under unfavorable
lighting conditions, primarily in the sonar room and the
CIC. However, since the tasks consisted almost entirely
of watchstanding, this factor would have no impact on the
productivity allowance.

17. No billets were identified that required prolonged
working in an uncomfortable position.
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18. No enlisted men complained of being over-worked or
identified any others who were. However, several CPO's
stated that during peak workloads some of the men were
required to work considerably longer than scheduled.

19. The seas were not rough enough to cause any obvious
impairment in the performance of the various tasks.

20, Since the Jonas Ingram is manned at the SMD level,
unlike most other ships, the observations made on this
ship may not be fully applicable to others. The ship visit
was intended to assess conditions at full SMD manning.

21, It was not possible to specify a "typical" amount of
time spent bv watchstanders on other work. Some spent almost
no time on this work except for some facilities maintenance
prior to inspections. Others sometimes spent nearly as much
time on maintenance tasks as on watchstanding.
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