




PREFACE 

Most organizations find it hard to determine how many 
workers they need for a given period of time. Government 
agencies are especially reluctant to quantify this because 
their outputs are often indistinct, reversible, and seem un- 
related to changes in their work force. We have issued sev- 
eral reports recommending improvements in the Federal work 
force requirements process and many agencies have requested 
or expressed a need for a guide to evaluate the process. 

This handbook (and the checklist in app. I), prepared 
on the basis of past efforts by us and many others, summar- 
izes the techniques used to evaluate certain Federal work 
force requirements. These techniques have been developed 
and published by various private and governmental research, 
educational, and industrial engineering organizations. We 
hope that they serve as a guide for those charged with deter- 
mining the number of workers needed for a government work- 
load that may be measurable but indefinite; quantifiable 
but uncertain. 

We encourage the use of this handbook and solicit com- 
ments for improving it. Please send your comments to me at 
the Federal Personnel and Compensation Division, U.S. 
General Accounting Office, 441 G Street, NW., Room 4001, 
Washington, D.C., 20548. 

H. 1;. Krieger 
Director 





We wish to acknowledge the helpful sug- 
gestions and critical evaluation of this 
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GLOSSARY --.----. 

Available time for work Amount of time available for 
working on the job after de- 
ducting weekends, holidays, 
leave, and training. It is 
used to convert the overall 
staff time required to full- 
time staff equivalents. 

Budget submission Documents showing the resour- 
ces requested for the budget 
year and the supporting justi- 
fication for the purpose and 
amount. 

Effectiveness Attaining desired results or 
benefits that are measurable. 

Efficiency Achieving the minimum cost in 
producing a specified level of 
output. 

Full-time staff equivalents The number of workers required 
to accomplish the workload for 
a given period in terms of 
full-time positions. It is 
used as a basis to analyze the 
costs and types of employees 
which can best accomplish the 
workload. 

Manpower utilization 

Methods study 

Productivity 

Manner in which an organiza- 
tion uses its personnel in 
terms of the efficiency in ac- 
complishingaits functions. 

Close analysis of procedures 
to eliminate unnecessary ele- 
ments or operations. 

The efficient and effective 
use of an organization's re- 
sources to produce goods or 
services. 



Reliability 

Requirements 

Workload 

Workload forecast 

Work measurement 

Work standard 

Statistical accuracy of a 
standard. The standard time 
should be representative of 
that needed to accomplish the 
task. 

The staff needed in an organi- 
zation to perform the work ex- 
pected for a given period. 
They are developed through the 
application of work standards 
to workload forecasts and 
should be the basis for the 
organization's budget submis- 
sions. 

Amount of work imposed upon, 
or assumed by a person or orga- 
nization to be disposed of in 
a given amount time. It is 
the total number of work units 
for a specified period. 

The types and numbers of each 
type of work unit or workload 
necessary to achieve a desired 
objective over some future in- 
terval of time. 

Collection of data on staff- 
hours or costs and production 
by work units, so that the re- 
lationship between output and 
staff-hours or costs can be 
calculated. It is used as a 
basis for determining reyuire- 
ments and other functions, 
such as personnel planning, 
scheduling, production, per- 
formance evaluation, and cost 
control. 

An expression of the time re- 
quired for a qualified worker 
to accomplish a defined amount 
of work, under normal supervi- 
sion conditions. It is used 
as a factor to convert the 0 
workload forecast to an esti- 
mate of staff time required. 



Work unit 

Validity 

A specified amount of work or 
the results of an amount of 
work. After work units are 
selected they can be used to 
develop workload forecasts and 
work standards. 

Deals with whether a standard 
reflects the way the task is 
currently being performed. 



CHAPTER 1 

INTRQDUCTION -I*_- 

The process of determining reasonable staff needs is 
essential to maintaining or improving an organization's pro- 
ductivityl Overstaffing can lower productivity, while under- 
staffing can cause unfulfilled program objectives, curtailed 
services, work backlogs, unnecessary overtime, and low re- 
sponsiveness and morale, The requirements process includes 
such elements as unit selection, workload forecasts, conver- 
sions to basic staff needs, assessments of staff alterna- 
tives, and support for the budget process. Also, these ele- 
ments can directly result in more efficient procedures and 
a more effective management evaluation process. 

HOW MANY STAFF WILE YOU NEED THIS YEAR? 9 fk 



As total personnel costs for the Federal Government in- 
crease (now more than $80 billion annually), the political 
pressures increase to base agencies' budgets on a reasonable 
determination of staff requirements. Since legislators are 
concerned about controlling these resources, they want to be 
assured that budget justifications for staff are based on a 
realistic analysis of the work to be accomplished during the 
budget year. The Congress has expressed concern for agen- 
cies to determine their staff needs through a reliable and 
valid process. The Office of Management and Eudget has also 
encouraged the use of budget techniques which insure that 
all programs are justified, as far as practicable, by an 
analysis of the personnel required to complete the work. 

The General Accounting Office (GAO) has looked at var- 
ious aspects of the requirements process in the past and has 
pointed out the need for more effective systems within the 
Government. It has issued several reports in areas such as 
work measurement, staffing standards, staff availability 
factors, and productivity. (See app. IV.) 

This handbook combines GAO's experience in these areas 
into a set of guidelines for evaluating various aspects of 
the staff requirements process for any government agency. 
Standards listed represent many of the successful elements 
and criteria used by agencies that have an effective require- 
ments process. These standards have been described in gen- 
eral terms so that they can be used to evaluate or audit 
agencies at more than one level. A summary checklist is 
also included (app. I) to help develop a plan for organiza- 
tional self-improvement and to help identify weaknesses and 
problems. 
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CHAPTER 2 ----. 

WHAT TO CONSIDER IN DESIGNING ----.- 

A STAFF REQUIREMENTS PLAN .- 

Before designing a staff requirements plan, a manager 
should consider the overall strategy and techniques needed 
for identifying and measuring work, as well as their costs 
and benefits. For this plan to survive with management's 
acceptance, it should be compatible with existing resource 
management systems. 

TECHNIQUES TO MEASURE WORK NEEDS _I _" .-11-. __ _ .11.1_1-. "...-*.-P---m..e---- 

Since government agencies are, for the most part, serv- 
ice organizations, managers tend to believe that their 
workers and their functions cannot be adequately identified 
and measured. This implies that their employees are perform- 
ing tasks which do not result in a useful end product. How- 
ever r we believe that all organizations necessarily provide 
services or products which can be identified and measured 
with varying degrees of accuracy. For example, some "soft" 
measures of government services include inspections, cases, 
OK projects completed; regulations enforced; individuals or 
property protected; and grants and loans approved. "Hard" 
measures of services might include purchase orders or supply 
transactions completed, pounds of mail processed, or tax re- 
turns audited. 

It is generally agreed that service organizations' 
methodology and degree of accuracy for identifying and mea- 
suring work are different from industrial operations'. How- 
ever, both types of organizations have similar steps in the 
requirements process. These steps (see ch. 3) can be used to 
more fully analyze service operations to project future work- 
load and staff needs. II 

CAREFUL ADVANCED PLANNING .ll",,l, 1111 -m*,,l"_l __I ._ -. _I. --.....-.. _1--_1.--_ ---m, 

An organized approach to estimating work requirements 
is important for the plan's success. A step-by-step ap- 
proach will reduce confusion, duplication, or important omis- 
sions. However, changing the current process or designing a 
new one can be a sizable investment. Costs for hiring, 
training, and maintaining qualified staff can be substantial. 
A careful evaluation of total costs in relation to benefits 
shoulld thus precede a decision to keep or change elements of 
the requirements process. 
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Internal conditions which may affect the various ap- 
proaches to a,plan should also be considered. A complex 
process may not insure success if it is incompatible with 
an organization's internal conditions. Key considerations 
are the organization's ability to absorb the changes, the 
adaptability of the current decisionmaking processes, and 
the roles of the various offices. 

Little is gained by developing a staff requirements 
process which is too sophisticated for the organization to 
grasp and implement or which conflicts with continuing orga- 
nizational roles. This situation may inhibit the accomplish- 
ment of major objectives and scuttle basic decisions on 
staff needs. If an organization devotes a large partion of 
its productive resources to implement the requirements proc- 
ess, the organization may not have enough resources for 
other priorities. This may result in the entire require- 
ments process being dropped even though a simpler one might 
have survived. 

INTEGRATION WITH OTHER SYSTEMS ---". --.- I-l--."_(.-II-_-( ---__ -l.".m,l__....-- -.."*l*"lll 

The preliminary design stage of the requirements proc- 
ess should build on existing resource management systems 
without duplicating them. Extensive data may already be 
collected, analyzed, and available for use in determining 
staff requirements. To make the collection of resource man- 
agement data easier, the requirements manager should use the 
same.aecount structure as the budget analysts, accountants, 
and others. For example, the Defense Logistics Agency uses 
the same structure for programing, budgeting, cost account- 
ing, data collection for management analysis, management re- 
view, and decisionmaking functions. The Social Security 
Administration uses the same workload reporting system as 
a basis for forecasting manpower and money requirements, 
analyzing cost, allocating programs and workloads, and pro- 
viding the framework for measuring productivity. 
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Reducing the possibility of collecting and analyzing 
data in duplicate can enhance overall organizational effi- 
ciency. Participants in the design should include represen- 
tatives from line organizations as well as those responsible 
for personnel operations, staff assignments, scheduling of 
work activities, budgeting, cost accounting, and other por- 
tions of the management information system. The following 
diagram has been used in several reports to illustrate the 
concept of an integrated management system. 

ACCOUNTING 

\ SYSTEM / 
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CHAPTER 3 

HOW TO DETERMINE STAFF NEEDS 

An effective plan to determine staff needs will 

--select a basic framework of work units for collecting 
data, 

--project work activities using past information and 
data analysis, 

--convert projected workload into staff time needed and 
then to full-time equivalents of personnel required, 

--analyze full-time equivalent requirements so that man- 
agement can assess the most effective and economical 
alternatives for performing projected work activities, 
and 

--support the budget process with these requirements. 

PROPER SELECTION OF WORK UNITS .----.-.----. -- 

A work unit is an amount of labor treated separately 
for identification, measurement, and control. Work units 
are needed to define activities for measuring output in re- 
lation to resources. Industrial operations involving tangi- 
ble products can easily be broken down into specific sub- 
units which enter into the finished product. However, the 
services for many of the nonindustrial operations of govern- 
ment agencies are not easily analyzed according to work 
needed to develop output. For example, many of the profes- 
sional services cannot be standardized because the work 
changes from day to day. 

Even though it may be more difficult to specify activi- 
ties under these circumstances, selecting appropriate work 
units will make the task of forecasting work activities and 
converting to staff needs much easier. Some important con- 
siderations for developing a work unit structure would in- 
clude determining: (1) levels of work units which relate 
to organizational objectives, (2) categories of work units 
suitable for workload forecasting and converting to staff 
needs within an organization, and (3) distinct elements 
which are convenient for collecting data. 
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Il~,,:J,,at.i,n~~~ “work units to obicctives I_.. ..“” .._ _ _- ..“-ll-..-_~-.“.. . ..-._..._ -- ._-..- 

The initial step in developing work units is to separ- 
;rte the organization's main objectives into successively 
.lowc~r~ ItfVfll!~ of responsibilities and services provided. For 
t.: x a m 1, ) 1. CL! , the Defense Logistics Agency divides its overall 
mii5.tji.on into functional program areas, such as procurement 
ii c t i v i t i e s , material management, storage activities, logis- 
t :i cs se r v ices 5 -. I and contract administration services. The 
next love1 of functions are then subdivided under the basic 
pray ram area * Functions such as stock control and commodity 
mL~rla(jement arc under material management, and subfunctions 
!;uch as requisition processing and inventory accounting are 
utldc: r* stock control. By relating all the work units through 
I: h Ii. .'s I" rocc.'i :; , the overall work activity can be projected in 
ruJ;rt:.ion to the organization's overall objectives. 

Generally, this is a more cumbersome process in a gov- 
ernment organization which provides services rather ,than 
y ood s . Organizations with industrial operations have the 
advantage of being able to identify objectives and tangible 
output in measurable monetary terms and to subdivide and 
trace this output to resources used. 

Even though there are few or no physical outputs, serv- 
ice organizations can build a work unit structure by analyz- 
ing the primary output measures which best represent work 
r;ff'ort expended, in the same manner that a physical product 
is ~~~Lk~JdiVid~x~. It may be necessary to use some completed 
tlocumcnt or other representative transaction as a primary 
output measure. For example, the Defense Logistics Agency 
IJ s c s suetk output measures as requisition line items proc- 
essed manually and inventory and adjustment line items proc- 
esscid at its subfunction level. 

Selectinc~ suitable work units ,. .,. ,.. -.- _I ._.._._ - _..._ -". ,1", __-..li ."______._ -..- 

The selection of work units and level of detail depends 
on whetikcr they are suitable for forecasting workload and 
for <3cve.loping and applyiny standards or factors for deter- 
minincj staff needs. For example, it would be meaningless 
to describe GAO's workload in terms of audits completed. 
'I'hcre are many different types of audits and means for dis- 
clos;iny audit findings. These categories would not form the 
basis for a work unit structure since they cannot be pro- 
jected to develop future workload or work force. 



Instead* GAO's requirements process is based on a dif- 
fcrcnt work unit structure. First, it divides work units 
into basic program areas such as direct assistance; requests 
f: ram the Congress; and types of audits, such as program re- 
s 11 .I t s , economy, and efficiency. Work units are then subdi- 
vided accordiny to functional and subfunctional areas within 
the Govcirnment , such as procurement and human resources, and 
according to priority areas, which need to be audited. 

Work units can be measured at various levels: objec- 
tives; programs output; components related to output; and 
subcomponents, activities and tasks. Generally, the lowest 
level needed would be those work units which comprise the 
basic output or its main components, The less significant 
tasks can then be included in the next higher level of serv- 
iccx or output. 

Some organizations with work unit structures find it 
beneficial to measure the units at lower levels and then ag- 
gregate them to summary levels. However, the extra effort 
for the detail is usually justified on the basis of its con- 
tribution to management efficiency or performance evalua- 
tions, rather than on the basis of determining and justify- 
ing staff needs. Organizations which measure such detailed 
work units usually have industrial-type operations with re- 
pcltitivc tasks which can be analyzed and forecast with con- 
fidence. 

g"eyregating work units into distinct elements - 1,*1 - I I" _l._.l"""- .---..- .-_- _---.-.- .-~ 

Work units also need to be separated so that managers 
can economically collect data on output and time and cost 
expended. Dividing the primary outputs into successively 
lower levels of mutually exclusive and all-inclusive work 
units assures that the overall staff needs will include all 
the work functions which need to be performed without count- 
ing some of the functions more than once. For example, the 
Social Security Administration aggregates component work 
units into major groupings of end product work units repre- 
senting its major functional workloads or supporting func- 
tions. Component organizations are required to have subwork 
unit structures which tie into this overall workload func- 
tional structure (that is, each component ties indirectly to 
one and only one grouping). 
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In orde~r to be counted, work units should be clearly 
and ctrnsistently defined. Planners should identify the 
source ant3 types of data to be collected for each work unit. 
'i.'h c y should also select consistent points of count for out- 
put produced and effort expended. 

Finally, the work units should be categorized so that 
the roost economical means of collecting data can be used. 
Although planners should take advantage of existing data col- 
lcction procedures they should assess the alternative of 
c~er;i(Ining new data collection systems which might further 
;Itlvancr: the staff requirements process. 

RPI'110PRIATE FORECASTING TECHNIQUES II . . ._._" -.-. "_ I_- ."___. l_-"l_l-".-,l..*,,,m..l --.--. "I-..--------- 

If planners can project the number and type of work 
units to be accomplished during a given period, they have 
a good chance of setting up a system to estimate reasonable 
staff needs. Appendix II describes various categories of 
work forecasting techniques. 

Most work forecasting techniques are characterized by 
uncertainty. Good planners try to select the techniques 
which will improve the confidence and reliability of the 
forecasts, realizing that the forecasts will always differ 
from the actual results. This hazard is usually less danger- 
ous, however, than not attempting to predict work activities. 
Nevertheless, managers should not invest in elaborate fore- 
casting techniques for highly uncertain future workloads such 
as those subject to unpredictable political conditions. 

Work forecasts generally start with past work activi- 
ties. Planners then refine the information through various 
techniques using theories of growth, quantitative reasoning, 
or actuarial analysis, The Defense Logistics Agency pro- 
jects future workload from average production data collected 
from previous time periods. Additional factors are also con- 
sidered, such as projected troop strength,"military service 
su~>[>:Ly requirements intelligence, and inventory adjustments. 

A combination of subjective and objective elements usu- 
ally dictates changes in the workload to predict future work 
activities. Although observable data should be given first 
priC)rity, the value of expert judgment should not be dis- 
counted, especially when variables cannot be determined or 
cxy)resscd in probabilities. For example, experts' collec- 
tive opinion on the passing of legislation affecting an or- 
ganization’s future workload could be extremely important to 
a forccas t. 

10 



The vital role of work unit structure is evident in its 
a~~~.licat~ilit,y to an effective forecast. Work activities hav- 
ing different objectives or requiring different types of 
:;kills can be analyzed separately for individual forecasts. 
When Oiss imilar conditions are involved, the requirements 
forecast cdn be more precise by analyzing smaller segments 
of work activities. For example, the accuracy of workload 
projections at GAO are improved by separate forecasts in var- 
icms issue areas. It can determine workload changes in cer- 
tain arcas of congressional concern rather than forecast on 
the basis of overall congressional concerns. 

It is not always easy to identify conditions which 
change future workloads. An effective approach is to start 
with provisional forecasts and to continually revise or re- 
fine the techniques as causal factors are identified, re- 
viewed, and validated for reasonableness and consistency. 
Comparing the prior year's forecasts with the current and 
prior year's accomplishments usually helps to validate the 
process. 

CONVERSION OF WORK FORECASTS TO STAFF NEEDS ~ _"~_---__--- .,_____--.- -- 

Work units relate output and input and also provide the 
basic building blocks to convert workload forecasts to staff 
time forecasts and then to equivalent full-time personnel re- 
quired for a specific time period. 

DeveloHny standards to convert "1,,--1111-"- -." -.I". ----.....-- 
workload to time forecasts "**""." __ "-l-l _ - -.- """1 I If __---~ -m.....--- 

Standards are prepared to indicate the work effort ex- 
pected of a qualified worker at a pace ordinarily used under 
capable supervision to do a defined amount of work and meet 
a specified quality. They are usually stated in terms of 
the time required to perform a completed work unit of output. 
Some examples of standards are " 

--100 staff-days per report issued, 

--25 staff-days per legal case closed, 

--75 staff-days per grant approved, 

--lo staff-days per project completed, 

--SO staff-hours per tax return audited, 

--2 staff-hours per pounds of mail delivered, and 

--5 staff-minutes per supply transaction processed. 



Standards can be developed for other purposesl such as 
WC>Kk schedulin~~ and production, performance evaluation, and 
co.c;t control I Floweve r f from the viewpoint of requirements, 
they are important factors for converting the projected work 
activities into resources needed for a specific time period. 
tls :E ng the above standards, forecasted workloads can be con- 
vtrrtecf to staff time forecasted as follows: 

B tandard Workload forecasts .- . . . "1" _--- _"----. - .- _-"---.-.---I--- 

LOO staff-days 
per report 10 reports 

25 staff-days 
per case 200 cases 

75 staff-days 
per grant 50 grants 

50 staff-hours 
per return 2,000 returns 

2 staff-hours per 
pound of mail 10,000 lbs. 

5 staff-minutes 
per transaction 100,000 transactions 

Staff-time forecasts _--I~- 

1,000 staff-days 

5,000 staff-days 

3,750 staff-days 

100,000 staff-hours 

20,000 staff-hours 

500,000 staff-minutes 

There are many techniques for developing staff stand- 
ards. Most of them use work measurement, which is the col- 
lection and analysis of data on staff-hours and output by 
work units. Appendix III contains a synopsis of the major 
standard development techniques used to convert work activi- 
ties to staff needs. Some standards are more precise be- 
cause they use industrial engineering techniques, such as 
time study, work sampling, standard data, and predetermined 
time systems for formally analyzing and measuring the ele- 
men t s of particular jobs. Other standards,-which are less 
reliable but less expensive, rely on managerial judgment, 
professional or technical expertise, and statistical analy- 
sis of past performance. 

In preparing nonengineered standards, it is generally 
assumed that past performance has used the most efficient 
rwthotls and that future conditions will be the same. Where 
better methods are identified and workable, planners would 
hc f:oo.Lish not to account for them in applying nonengineered 
standards. I::ngincercd standards, however, generally include 
methods studies in attempts to improve the efficiency and 
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effectiveness of work activities. Even though the organiza- 
tion may not have the resources and skills to immediately 
develop standards which reflect improved procedures, the 
standards still can be used to identify and prevent lower 
productivity in the future. 

Obviously, the more precise and sophisticated tech- 
niques will require more resources, higher quality staff, 
and an organization with management and experience capable 
of absorbing and using those techniques. Therefore, the 
organization may need to build up the system as it becomes 
more experienced. An original standards system consisting 
of provisional averages or ranges of data, which may be 
based only on the judgments or logs of work activities, 
should enable managers to close the gap between actual and 
expected time. 

Convertin staff time forecasts ~"*~-,-~-~"- ""B "".m""-~m"~~f~~ ""----=--; ""---.- 
Into staff required I-c"II ""l.l"~"--"""~~.-l... "_.- -"I_ -*"_--"- 

Estimates of available productive time per worker are 
used to convert staff time requirements to number of full- 
time staff or "staff equivalents" required for the workload. 
Current and complete records on time which is not spent in 
performing work activities, such as for holidays, leave, and 
training, should be maintained so that the average available 
time for work can be determined. However, deficiencies have 
been found .ll in agency availability estimates which distort 
the staff requirements process. For example, availability 
estimates have been inconsistent within and between agencies 
and have not been kept current or documented. Time spent on 
the job for personal needs, rest, unavoidable delays, coffee 
breaks, and on special duties also increases the number of 
workers needed. Agencies often have a basis for estimating 
their impact when developing precise standards. 

T ” - ~ “ “ ‘ - .  _ “ “ _ 1 1 ” ”  _  * _ ,  * .  -  - . “ -  . - . - _ _ ( - - -  

$lEstimates of Federal Employees' Available Time for Work Disr 
tort Work Force Requirements (FPCD-78-21, Mar. 6, 1978). 
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ASSESSMENT OF STAFF ALTERNATIVES -. -1.1 ".".. -.--.11.--1- ."l--"-mll-- -I.s 

The full-time equivalents should be analyzed so that al- 
ternative uses of personnel resources can be assessed. In 
this way organizations can better decide on the background 
of personnel needed and whether the work should be performed 
by existing personnel or by hired full-time, part-time, or 
contract personnel. 

Assessing qualities of staff and output ,"I ,l*,,,ll_ -,,m_II- I,_, ,,f ",,~,, I" -mm- -----".- "--.___._--- 

In analyzing staff requirements, managers should con- 
sider the employee qualities needed to accomplish the work- 
load. Problems with morale and productivity may result if 
the staff is under- or over-qualified. An example would be 
the variations in skills and background needed for perform- 
ing legal functions in the government. A legal aide or gen- 
eral investigator doing the work of a criminal investigator 
or lawyer would probably lower an agency's productivity. If 
the situation was reversed, morale and productivity would 
also drop because the employees would lose a sense of accomp- 
lishment: also, using a higher graded employee to do lower 
graded work would increase production costs. Therefore, not 
only should the appropriate number of workers to meet re- 
quirements be determined but the qualities of these workers 
as well. The description of qualities should include back- 
grounds, skill levels, and occupational specialties required 
in each functional area. 

In addition, there may be special problems in determin- 
ing staff requirements for some professional, supervisory, 
and executive positions where the quality of output is more 
significant than the quantity of output. The need for out- 
put quality in relation to the organization's objectives 
should be continuously assessed for such staff requirements. 
Both the quality and quantity of output should be sufficient 
to result in valid requirements. The high cost of quality 
output should be compared with the actual contribution to' 
the objectives and with the costs of using qualified consul- 
tants on a less than full-time basis. For example, new agen- 
cies in highly technical areas may find it less costly for 
contractors to perform some of their functions because of 
the high quality and varied levels of expertise required. 
The need for quality staff in certain skills may not warrant 
hiring full-time staff with these qualifications. 

15 





Yet an excessive reliance on contractors for continuing 
work can greatly limit an organization's staffing options 
and management control. For example, the use of contractors 
to develop standards may limit the organization's flexibil- 
ity to use its own employees to maintain the system. 

Assessiny workload variability *,,, I _I, _I,* I- .I( ,_,I ".-l--l""""-l-- -1__-1-. 

Variable workload may also influence the analysis of 
requirements for full-time and less than full-time positions. 
There may be valid requirements during peak periods of work 
which cannot be met by effective use of personnel. Hiring 
full-time personnel for the total requirements may result in 
nonproductive time. An assessment would determine whether 
it would be more economical to require existing full-time 
personnel to work overtime or to hire part-time or temporary 
E?YllE>lOy@eS. Several items should be assessed: the costs in- 
vo.Lved, such as hiring, training, salariesm and benefits 
under each alternative; learning curves; fatigue patterns; 
and the amount of supervision and overhead required for al- 
ternative use of personnel resources. 

I.,ikewise, cyclical workloads can cause significant vari- 
ations from an organization's normal staff needs. These per- 
iodic surges, if not recognized, could mislead managers in 
stating needs. 

REQUIREMEMTS SUPPORT THE BUDGET PROCESS --_ _,,,,,,,,, ""I",,,,I,I,,, ,,,__*"" ,,"I ,,,I" II I." .._" "_1, 1 -". "I. ".., ---- --- .-..-- -__--- 

Staff requirements should be tied into the budget justi- 
fication and allocation process. If the budget requests 100 
more employees than had been determined in the requirements 
process, the manager should be able to trace this difference 
to specific causes1 This task will be easier if the require- 
mcnts process is integrated with the accounting and budget- 
ing processes and if account structures and classification 
systems are compatible. a,, 

The proper determination of staff requirements will 
also assist the budyet allocation process. The fixed and 
variable staff needs should be identified separately so that, 
if the authorized budget is less than the requirements, the 
resource,u4 can be applied first to the functions which have 
fixed requirements. In addition, if jobs and functions have 
been put into categories and priorities by objectives, the 
proper mix of jobs can be determined in the allocation proc- 
ess. 
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CHAPTER 4 __-.-." 

MAMAGEMENT CONTROLS Irm"-l .---- -- -".-."-_I_.."" 

Management controls are necessary to insure that the 
objectives of the requirements process will be met. Forward 
planning and design, the initial step in a management con- 
trol effort, has been discussed in chapter 2. In implement- 
ing these controls, management must (1) establish plans and 
procedures for carrying out its policies and (2) assure that 
an adequate and sufficient staff is available to maintain 
these controls, to carry out the requirements process effi- 
ciently, and to provide feedback on how the requirements 
process is working. 

PLANS 

GOALS 
CRITERIA 

FEEDBACK 

CREDIBLE REPORTING 
ACCOUNTABlLlTY 
INDEPENDENT FVALUATION 

ORGANIZATION 

INTERFACE 
INDEPENDENCE 
CENTAALlLATlON 

ClJlDANCE 

CLEAR, FLEXIBLE 
QUALITY CONTROL 
DOCUMENTATION 

I _ J 
EMPHASIS 

INCENTIVES 
RESOURCES 
INVESTMENT 



As various aspects of the requirements process are im- 
plemented, management needs to formulate policies for deter- 
mining staff requirements effectively and efficiently. 
Goals should be set to develop, review, and update standards 
and forecasting procedures periodically. These goals shoul.d 
constitute a plan which shows the milestones for improvements 
ever the present coverage by function. For example, the plan 
for standards coverage should allow improvements to be made 
in order of priority. Major emphasis should initially be 
placed on getting these jobs under provisional standards and 
then followed by improving methods. Finally, more precise 
standards should be developed if deemed cost beneficial. 

Provisional standards should be based on the most effi- 
cient and economical methods. If practical, methods studies 
to eliminate nonessential or duplicate operations should be 
done in the early stages of standard development; otherwise, 
the provisional data should be adjusted to reflect the 
"should take" time after establishing priorities in conjunc- 
tion with other standards development activities. Finally, 
the planner should decide the extent that more precise stand- 
ards are feasible and practical. 

Plans should include the goal of keeping standards and 
forecasts up to date. Standards need to be adjusted to re- 
flect changes in organizational structure, procedures, meth- 
ads, equipment, or facilities which have resulted in more 
efficient operations. Even without major changes, standards 
should be periodically updated since some productivity im- 
provement is normal in most jobs. Goals for improving work- 
load forecasting techniques should also be part of the over- 
all plan since outdated workload projections can alter 
requirements significantly. 

GUIDELINES AND PROCEDURES l.".l l_-"-"-l"-.- ----*1_.- _l---.-l_- -~_- 

Management should prepare guidelines for those respon- 
sible for determining staff requirements. These guidelines 
should be clear, concise, and applicable to all managers 
invol,vcd in the requirements process. They should reflect 
goals and objectives of management in all organizations as- 
sociated with determining requirements. 

Explicit procedures, applicable to each organization, 
should be issued and updated to identify and define appropri- 
ate techniques, variables, and convenient sources of data 
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useful in the requirements process. They should be flexible 
c?nough to allow managers to be creative in developing the 
most effective techniques. 

It should be clear that any and all techniques must be 
corrwideced in the forecasting and standards process. The re- 
lat:ive merits of each technique should be assessed for each 
case. Rigid rules should not restrict the number of tech- 
n iq u e s * The procedures should merely require a study of 
costs, benefits, and reliability of a technique that may fit 
the circumstances. 

The procedures should address quality control in terms 
of reliability and validity of data. The level of quality 
control desired for the data collection and computations 
should be well defined in the procedures. For example, pro- 
cedures for engineered standards should have goals for sta- 
tistical confidence and reliability. In addition, proced- 
ures should be designed to minimize statistical errors and 
to assure that samples are representative. Explicit proce- 
dures should require and govern the review of all data before 
it is applied. 

Sufficient documentation -_. 11"* "- ."_" _ - _ "I "11.__" .."" __, ll."*w. -1~-1--- 

It is important in developing, reviewing, and updatin5 
standards and forecasts, that the basis for judgments be 
documented and retained so that they may be examined in the 
cc~u~se of any future improvement or evaluation process. 
There are no fixed criteria for the amount of documentation 
needed l Ideally, it should be the most economical system 
fur documentation and provide the support needed for an ade- 
quate review process. 

MANAGEMENT EMPHASIS--PERSONNEL RESOURCES 11""" _ ..~_l_l__.. . ". - ..-. "*"._. _-.-"ll_---l-~-----*.----. --- 

Management emphasis at all organization levels, indicat- 
ing the importance of using work measurement and forecasting 
techniques, is a prerequisite for a successful requirements 
prOCeSS * Top-level support is vital to develop the process, 
continue it consistently, and to insure that objectives are 
met . Sufficient numbers of qualified personnel, including 
supervi,orsl should be devoted to forecasting workload and ' C' 
convcrti.ny it to staff needs. They should have the back- 
yround and experience to be competent in the various tech- 
niques. 
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High-level quality should be maintained through employ- 
#ses ' training and development. If appropriate, management 
should establish career fields with incentives for employees 
wishing to include requirements analysis in their profession- 
al development. This should reduce staff turnover and redun- 
dant training efforts and increase productivity in the re- 
quirements process. 

The organizational placement of the requirements pro- 
cess should insure contact with all levels of management, 
avoid unnecessary duplication with other groups, and be in- 
dependent of those with an interest in expanding their own 
staff. Formalizing the structure into a written format 
clarifies the relationships of the various functions and 
provides a framework for future analysis. 

An organizational document should clearly state man- 
agers ' responsibilities for accomplishing objectives and 
functions for the requirements process. If updated period- 
icall.y, this document could be used as input for developing 
criteria for appraising an individual manager's performance. 

People who determine staff needs should not also justi- 
fy 'resources for the same organization. For example, the 
work of those responsible for developing standards should 
not IJe reviewed by a manager responsible for justifying the 
staf.YI: ncctls of his or her particular organization or by one 
who reports directly to budget personnel. If in-house ex- 
perts are used to provide input to standards, their work 
shou.X.d be reviewed by an independent and experienced staff 
rrrembc~ r . 

The extent to which the elements of a requirements 
~~roccs:; should be centralized depends on many factors, in- 
c.Lutfin(.~ the organization's size and needs. However, with 
L!.lt!Irwntn of the standards and forecasting staff centrally 
1.0 c a t t.! d 8 there is a greater potential for management empha- 
sis ;it the highest levels of the organization. It should 
also result in more independence and allow policies and pro- 
cedures to be implemented consistently. Finally, potential 
savings could be available through the sharing of stand- 
ard i.zed procedures, where applicable, throughout the 
organization. 
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MANAGEMENT OF 

STAFF NEEDS PACKAGE 

CONTKOI 5 
FEEOBAC 

ORGANIZATION 

FEEDBACK SYSTEM "_- _-. *--.-.-"-----f 

Reporting systems will enable decisionmakers to monitor 
conformance with objectives, policies, plans, and guidelines. 
Such feedback systems could include periodic reports of cer- 
tain key information needed by management on an overall or 
an exception basis. In addition, periodic audits or evalua- 
tions should indicate whether the activities supporting the 
requirements process are accomplishing their objectives. 

Credible reporting system . ll"-__ ,--.- 1"1"-I- _--.-, ---- .- 

An effective reporting system allows appropriate levels 
of management to monitor significant deviations from the 
plan. It helps managers determine the best possible program 
direction in the future and to identify where work measure- 
ment and forecasting have been successful, the reasons for 
success , and the areas needing greater emphasis. 
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Costs and benefits should be regularly reported. For 
example, savings from developing and applying standards and 
method improvements studies should be reported by lower lev- 
el managers so that the costs of implementing these tech- 
niques can be compared. This information can be used as a 
basis to appraise the results of individual managers' work 
against preestablished performance criteria. It can also be 
collected and analyzed to continue the initial cost-benefit 
analysis through implementation of the requirements process. 
Managers selecting the forecasting technique must consider 
the degree of reliability possible or needed in relation to 
cost. If the work for the future period is highly uncertain, 
only a great need for very accurate projections could justi- 
fy extensive time and effort. 

The most expensive standards should normally be used 
only for work which has many repetitive tasks or where the 
costs of the standards development can be offset by sharing 
data and improvements among several operations. An audit 
trail of information should be established so that a more 
complete analysis can be made by management and later by in- 
dependent evaluators. For example, the resources saved from 
a reduction in one area may be used in another priority area. 
The audit trail should enable management to compare the ef- 
fectiveness and efficiency of resources in both areas. 

Feedback systems need to monitor only the bare skeleton 
of the overall plan and policies. Exception reports should 
be required on key information. For example, standards 
.wh,ich have exceeded certain levels of tolerance may be re- 
ported under such a system. When actual performance of cer- 
tain work is outside a specified percent of tolerance, 
analysts should report the cause to management. It may siq- 
nal a need to chanye the standards or to improve an unaccep- 
table level of performance. 

If the above reporting systems can be incorporated 
with an overall automated management informa,tion systemr 
the resulting system can gain advantaqes in timeliness and 
efficiency which would not be possible in a manual, nonin- 
tcyrated system. 

Independent periodic evaluation I, -,"".", "I, ,ml,.- - *m-m ,,,,, I_,, ,II* I Ilf_f""_L_~ll--_*,-_~--"".- ._(- -- 

Independent periodic evaluations of the system will en- 
able management to determine whether the manpower require- 
ments ElrOCeSS has adequate controls and is achieving its ob- 
jectives. The evaluations should be performed by an organi- 
zation which reports directly to upper level management and 
which conforms to high-quality audit standards. 
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CHECKLIST FQR DETERMINING PERSONNEL REQUIREMENTS "~I I- aII,-*/ - ,,1,,11* ,,,, -*l,"nl,," Ill,"-f(.- ,--,, --l--l_-- --" 

I* Considerations before starting 

A. Are identification and measurement techniques con- 
sidered in the design of the system? 

1. Is there an effort to measure the output and 
related components in terms of human effort? 

2. Is this related to a measurement of human effort 
required to produce the output or provide the 
service? 

t.3. Has there been adequate forward planning for the 
system? 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Have goals and objectives been defined and de- 
scribed? 

Does the plan clearly state what the system will 
accomplish? 

Have resource needs been identified and compared 
with those available? 

Have political influences been identified and 
plans made to deal with them? 

Has the necessary cooperation with essential 
system contacts been obtained? 

Have the potential economic benefits and costs 
of designing, modifying, and implementing the 
system been assessed? 

Will the organization as a whole-be capable of 
grasping and implementing the system? 

C. Has the system been designed in coordination with 
other organizational systems? 

1. Was the system designed with the assistance of 
representatives from organizations which will 
use or come in contact with the elements of the 
requirements? 

2. Are other reports or systems using related in- 
formation and procedures? 
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3. Does the system make full use of existing data 
already reported, collected, or analyzed? 

4. Is there a common account structure incorporat- 
ing elements of all systems? 

II. How to determine staff needs 

A. Have work units been properly selected? 

1. 

2. 

3. 

4. 

5. 

6. 

7, 

a. 

9, 

Are work units clearly related to objectives? 

Are these units then related through levels of 
programs, functions, and subfunctions? 

Do the work units contribute to forecasting 
workload and developing standards? 

Has the proper level of detail for work units 
been assessed? 

Are the work units in each level clearcut 
(i.e., contain elements which are mutually ex- 
clusive and all inclusive)? 

Are work units clearly and consistently defined? 

Are work units clearly identified as to source 
and types of data which need to be collected? 

Does the point of count for the work output and 
the effort expended coincide? 

Are the work units categorized so that the most 
economical means of collecting data can be uti- 
lized? 

B. Does the organization have appropriate work fore- 
casting techniques? 

1, Are work units suitable for projecting workload 
at the levels needed? 

2. Is the historical data on workload refined 
through appropriate forecasting techniques? 

3. Are separate forecasts made for each aggregation 
of work units which have different objectives or 
require different types of skill or effort? 
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4. Does a comparison of prior and current work fore- 
casts with prior year's accomplishments appear 
reasonable? 

5. Are the forecasts regularly validated and revised 
as necessary? 

C. Is adequate attention given to the conversion of 
forecasts to requirements? 

1. Are work measurement techniques used to develop 
standards to the maximum extent feasible? 

2” Are the most precise and cost-effective tech- 
niques used? 

3. Are methods improvement studies incorporated to 
the extent feasible? 

4. Are accurate records kept on nonprod,uctive time 
so that average available time can be determined 
and used as a factor for converting to full-time 
staff years required? 

D. Is there an assessment of alternative personnel? 

1. Do the requirements describe the qualities needed 
in sufficient detail so that the staff is not 
over- or under-qualified? 

2. Is the cost of high-quality output assessed 
against the contribution to objectives and the 
costs of utilizing qualified consultants on a 
less than full-time basis? 

3. Have alternative strategies been developed and 
analyzed for filling requirements by 

--training present employees, 

--utilizing overtime, or 

--hiring additional part-time or temporary 
contract personnel. 

4. Does the organization utilize other than full- 
time permanent personnel during period of peak 
workloads? Is it the most economical alterna- 
tive? Are cyclical surges recognized? 
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5. Has the organization considered the cost and 
benefits as well as learning curves" fatique 
patterns, and amount of supervision and overhead 
required for alternative use of personnel re- 
sources? 

E. Do the requirements support the budget process? 

1. Is there adequate support for the budget justi- 
fication data so that any differences from the 
requirements can be traced? 

2. Are fixed and priority needs separately identi- 
fied so that the proper mix of jobs can be de- 
termined in the allocation process? 

III. System of Management Controls 

A. Does management review policies pertaining to the 
requirements process and formulate yoals and plans 
accordingly? 

1. Do the plans include current and planned cover- 
aye of standards, forecasts, and milestones for 
improved coverage? 

2. Are criteria developed to apply intensive manage- 
ment to jobs which use a lot of resources, and 
gradual coverage and improvement efforts to 
other jobs on a priority basis? 

3. Is there a proper balance between gross forms of 
work measurement, methods improvements studies, 
and more precise standards? 

4, Are standards and forecasts updated as insti- 
tutional changes result in improved efficiencies? u 

5. Do goals established for more precise standards 
prevent proper emphasis being placed on methods 
studies? 

n. goes management provide sufficient guidelines on its 
plans and objectives? 

1, Are the guidelines clear, concise, and applica- 
ble to all involved in the requirements process? 

2. Are the procedures flexible? Are all techniques 
considered in the forecasting and standards proc- 
ess? 
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3 * 

4. 

5. 

6. 

7. 

a. 

2, 

3. 

5. 

6. 

7. 

APPENDIX I 

Are provisiiDns adequate for quality control? 

Are appropriate procedures designed to prevent 
statistical errors and assure that samples are 
accurate and representative? 

Are there explicit procedures for reviewing data 
before applying it? 

Is highly variable data reviewed sufficiently 
to determine whether there has been a distort- 
ing factor? 

Do the procedures caver the need for documenta- 
tion? 

Do the procedures define and identify techniques, 
variables, and sources for collecting and analyzing 
information? 

there been sufficient high-level attention given 
staffing needs for the requirements process? 

Have qualifications and standards for required 
personnel been established and used in recruiting? 

Do job descriptions reflect the necessary skills 
and competency required? 

Have personnel been provided with the necessary 
training7 

Do personnel assigned to specific jobs have 
adequate qualifications for them? 

Are they qualified by ability, skills, education, 
and training to accomplish the jobs? 

Do the essential functions assigned to the re- 
quirements process have a sustained level of 
sufficient personnel assigned to maintain an 
effective system? 

Dces the overall career management system allow 
for adequate movement and development in the 
staff requirements process? 

D I Has the organizational framework been assessed? 

1 . Is there adequate coordination with all levels 
of management? 
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2. 

3. 

4. 

5. 

6. 

7. 

8. 

Is there unnecessary duplication with other or- 
ganizations? 

Does the organizational structure clearly indi- 
cate functions performed, personnel qualifica- 
tions needed, levels of responsibility, and in- 
terrelationships of the various groups involved? 

Is there a clear statement of managers' respon- 
sibilities for accomplishing objectives and func- 
tions within the requirements process? Can it 
be used as input for developing criteria for ap- 
praising individual managers' performance? 

Are key personnel who justify resources for the 
overall organization sufficiently independent 
from individuals who have a major role in deter- 
mining staff needs? Do they report to a high 
enough level? 

Are the individuals, who are selected to develop 
work standards, independent from the organiza- 
tional elements to which the standards apply? 

Is the input of in-house technical expertise 
reviewed with objective standards before being 
incorporated into the process? 

Is the centralized staff sufficient to provide 
consistent guidance and monitor the process' im- 
plementation? 

E* Does management maintain an adequate feedback system 
to monitor the requirements? 

1. Is there an effective reporting system to enable 
management to monitor the process of its plans? 

2 I, Is the information reported consistent, accurate, 
and meaningful to management? 

3. Is the information reported and used to hold 
managers accountable and to appraise their per- 
formance? 

4. Is cost effective analysis continued in the re- 
porting process? 

5. Are savings resulting from standards and methods 
improvements compared against the cost involved 
and goals established? 
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6. Are the most expensive standards only used for 
work which has a high volume of repetitive tasks 
or which can be shared with other work units? 

7. Is there a management by exception reporting 
process? 

8. Does the system flag potentially outdated or in- 
valid standards for review? 

9. Does management regularly monitor the process 
through its feedback mechanism and make adjust- 
ments as necessary? 

10. Is the requirements process subject to review 
by an independent audit group? 
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nI~I!ENKnX II 

FORECASTING TECHNIQUES (note a) ll_l. ll".l ",,I--"-.,I(II-_*-"-l--f.-.~_"I- .-.-.* 

APPENDIX II 

Forecasting techniques can be classified into a limited 
number of groups. Howeverl within each group a wide variety 
of mathematical methods may be employed. By classifying the 
techniques in the manner shown, the different patterns of 
logic have been separated. The five groups are: 

1, Simple extrapolations of raw historical data. 

2. Simple extrapolations of smoothed historical data. 

3. Historical data extrapolated with the aid of vari- 
ous theories of growth or change (and expert advice). 

4. Historical data extrapolated with qualitative rea- 
soning. 

5. Actuarial (statistical) analysis. 

S-wle extrasation of -.-l"l--- ----.....--. 
historical data "I ".l"-..-l--l-" --1-11,1"-1--" 

Historical data may be plotted on graph paper and the 
trend manually extrapolated. The same effect may be achieved 
by mathematical computation. The basic assumptian is that 
past trends will continue unchanged. 

Sim&le extrapolations of l"ll_l,,. -_I_ -.-_ ._"L ~-""-"-~'".-~...-.-""~'~- 
smoothed historical data -____""l_l,l_"__l,-_l-~ -- ..-I__ I_(. I -.- .---.- 

Historical data frequently shows random variations from 
period to period, making it difficult to readily perceive 
trends. This is particularly noticeable when the data points 
are obtained for short intervals of time. Various graphic 
smoothing techniques may be applied to plotted data. Mathe- 
matical techniques may be applied to achieve the same result. 

**-” _I” _  “I 11” ,“,1 “_ I_. I.. ~ I ..I I” 

a/This summary of forecasting techniques was developed by 
Marvin E. Mundel in his book, "Measuring and Enhancing the 
Productivity of Service and Government Organizations." 
Other concepts from his books have contributed to the 
handbook guidelines. 
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Historical data extrapolated with- 
the aid of various theories of I I _" -m,*, I, I.m *I"l-"*sL, -l--l-,,,*",,,,_---~.---~- 
yrowth or m 

In some casea it is possible to speculate meaningfully 
about the rate of growth of a workload. For instance, if a 
new service is provided, little historical data may be 
available, However, it may have been suggested to the fore- 
casters that the following growth reasoning may be applied: 

1. The level or demand is Y. 

2. The time interval to reach demand Y is X. 

3. A typical growth curve will be followed. 

Historical data extrapolated with _1_1_1" -m-F-,,, -- 
%u-alitative reasoninq _ ..l"---l .."..--- 

This method, to some extent, is an adjunct to the pre- 
vious method. It refers to the use of a reasoning process 
resulting in the introduction of new assumptions. This 
method might come into play, for instance, with a forecast 
of counterfeit coin cases as a period of inflation ap- 
proaches. The logic might be as follows: 

1. We have a clear-cut trend, using historical data, 
with respect to the number of coin currency counter- 
feiting cases. 

2. It was, in the past, profitable to counterfeit 
coins (provided you were stupid enough to ignore 
the risk of arrest and imprisonment). 

3. However, with inflation, the profit margin in 
counterfeiting has shrunk. 

8% 
Qualitative conclusion from above: 

A change will take place with respect to workload 
growth. The growth theories which were used to date, 
and which may have been valid, no longer hold. We 
must adduce a new theory with respect to the growth 
(or decline) of workload, as a function of time, which 
starts with our last data point, but which ignores 
previous trends. 
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Actuarial (statistical) an-a2si.s --~.-_--.--- 

Actuarial (statistical) analysis refers to a systematic 
examination of historical data as a function of assignable 
causes, using mathematical and statistical approaches. The 
objective is to determine those factors that causally affect 
workload, determine their weight and effect, and obtain a 
prediction more closely based on causes than on simple or 
modified extrapolations. 

For instance, on a highway, "accidents which need as- 
sistance" may be postulated to be a function of such fac- 
tors as: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Car miles per year, daylight 

Car miles per year, dark--premidnight 

Car miles per year, dark--midnight to dawn 

Number of 30' curves 

Number of 45' curves, etc. 

Number of inclines 

Number of turns per mile, and so forth< 

From such data, and historical data concerning accidents, a 
workload forecast of "accidents requiring assistance" could 
be made as a function of a number of these variables. 

In most cases, such actuarial (statistical) forecasts 
are more accurate than simple or growth theory aided extra- 
polations but, as with most forecasts, the assumption that 
previous trends will continue is still implicit. The im- 
provement, using actuarial methods, is the.departure from 
the single cause theory implicit in simple extrapolation. 
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WORK MEASUREMENT TECHNIQUES (note a) X---L-- -P-P 

The following are the principal techniques by which 
work measurement standards are developed: 

--Technical estimates. 

--Historical estimates (statistical). 

--Staffing pattern. 

--Work sampling. 

--Predetermined time systems. 

--Standard data. 

Engineered standards are developed using time study, _-I 
work samplrn<-i-standard data, and predetermined time systems. 
Engineered standards are the "should take" time to perform a 
task or operation. They should be developed by specially 
trained analysts and include documentation of the: 

--Method or procedure used when the standard was de- 
veloped. 

--Observed or synthesized time values used in determin- 
ing the final standard time. 

--Computations used to establish statistical reliabil- 
ity. 

--Rating or leveling observed during performance. 

--Allowances used in computation of standard. 

--Computations made in developing standard. 

Nonenzineered standards are developed using any of the -7---' --7----"--- techniques listed. H[istorGal estimates (statistical) and 
technical estimates are most commonly used. 

a/This description of work measurement techniques has been 
extracted from special report #3 expanding the report, 
"Measuring and Enhancing Productivity in the Federal Gov- 
ernment. " Other concepts in this handbook have also been 
drawn from that source, which was conducted as a joint pro- 
ject by GAO, the Office of Personnel Management, and the 
Office of Management and Budget. 
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A. Work maasuremnt techniques and their application 

Techni.es -- 

Technical 
estilmte 

Historical 
estimates 
(statistical) 

Staffing 
pattern 

Work sampling 

Direct tima 
study 

Types of 
operations 

a. Highly technical or 
irregular work 

b. Scheduling and con- 
trolling projects 
for priority, sta- 
tus,evaluation and 
costing 

a. Irregular work where 
a work unit may be 
determined 

a. Highly irregular work 
for which no work 
unit may be deter- 
mined 

a. Irregular work where 
a work unit is 
highly correlated 
to work input 

b. Develcqnent of manage- 
mnt information. 
(WE: not used to 
establish work meas- 
mant standards) 

a. Repetitive, short cyc- 
le work performed 
at essentially one 
work station 

b. Irregular, medium to 
long cycle work, 
frequently per- 
formed by mr>ving 
abut several work 
stations 

APPENDIX III 

Examples 
of operations 

Maintenance, rebuild, re- 
pair of qlex items 

Technical, engineering, 
and research projects 

Administrative, non- 
direct labor, ware- 
housing 

Administrative, support 
activities 

Clerical, rebuild, repair, 
warehousing, facility 
maintenance, non- 
direct labor 

Determination of delays, 
utilization of people 
and equipment, work 
distribution, feasi- 
bility studies per- 
formance checks 

Parts assembly, machin- 
ing, packaging, typing, 
filing, editing, pack- 
ing 

Janitorial, clerical, 
rebuild, repair, ware- 
housing 
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Types of 
operations -- 

Predetermined 
tim standards 
or basic stand- 
ard data a. Repetitive short 

cycle work where 
volume is high 

b, Check as to consis- 
tency of direct 
time study stand- 
ards 

Standard data a. Repetitive short and 
medium cycle work 
where volum is 
high 

b. Repetitive work where Assembly, machining, 
volume is low, or packaging, rebuild, 
long irregular cycle repair, maintehance, 
work where work clerical, warehous- 
volum is high ing 

Examples 
of operations 

Assembly, machining, 
packaging, packing, 
shipping, stock pick- 
ing, editing 

Assembly, machining, 
machine operations 

Assembly, machining, 
packaging, typing, 
filing, editing 
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B. Work Measurement Technique Descriptions 

TECHNICAL EgTIMATES_ -~-- 

Descrifiion -,11"1_... -- --_ 

Breaking the job down into elements and having a tech- 
nically trained person make a technical estimate of how long 
each of the job elements should take. 

What is required? -- *--- 

A person technically qualified to recognize the various 
phases of the work to be accomplished. 

What must be done? ---."....--- 

Job broken down into phases and time estimated for each 
phase. Experience and/or past performance data will form 
the basis for the time estimates. 

How long will it take? ""- -~_- 

From minutes to days depending upon the complexity of 
the job. 

What are the characteristics? - 

This type of standard is based upon the personnel judg- 
ment of the person making the estimate. His technical esti- 
mate of how long it should take to do the job may vary 
greatly from how long it actually takes to do the job. Thus, 
it is difficult to accurately assign a cause to deviations 
from standard. 

Advantages _----."-- - Y 

1. May be only technique available to establish time 
limits on certain types of jobs (technical pro- 
jects, research projects, etc.). 

2, Relatively cheap (in relationship to time). 

Disadvantages -"--- - 

1. Time to do the job is an estimate: thus, worker's 
actual time may show wide variance (poor control 
device). 

2. No way of knowing what methods are used to do the 
job. 
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HISTORICAL ESTIMATES (STATISTICAL) ..-, I-.".sl"-,l-_l","-- 

Dcscri~tion ..__.I_ -.ll-. -~--.--. 

Data obtained from records of past performance relating 
labor time expenditures with some measure of the amount of 
work produced. (The data may be analyzed by statistical 
means. ) 

What is required? _"ll n" **"1,"- -_- "- _. ""--_ -..--- 

Data on past performance of individual jobs, producing 
like product, expressed in 

1. staff-hours expended, and 

2. units produced. 

What must be done? _"__ll_-_.-."_"l-"__*_(l."____-l..-__- 

A relationship between units of product and staff-hours 
expended must be found and statistically validated. 

How lon2 will it take? "*f,," ". -.f I_.._._ __l____l__-.--- -- 

From days to weeks to months, depending upon the amount 
of data required or available. 

What are the characteristics? --",- "_""_ "-"l."-.__--m-" --.- 

This type of standard is based upon the assumption that 
what has happened in the past is good practice and that what 
will happen in the future will not alter the relationship be- 
tween units of product and staff-hours expended. As a result, 
it is difficult to identify a significant deviation from 
standard and more difficult to accurately assign a cause. 

Advantages c"-----l-- 

1. Sometimes, this is the only technique available 
for extensive coverage in a hurry. 

Disadvantages _-I,-- 

1. Accepts past performance as satisfactory (poor COn- 

trol device). 

2. No way of knowing if past and present methods are 
the same. 
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STAFFING PATTERN --.-w-u- 

Description _11*-1-111-.._ -I_. _,l_-ll 

A ratio of the number of personnel required to the num- 
ber of personnel supported or to the number of units of out- 
put. 

NOTE : A staffing ratio is not always classified as a work 
measurement standard. It is considered to be a work measure- 
ment standard only when it is related to a measure of output. 
If it is merely an expression of a percent of direct labor 
or budget dollar or one clerk per ten professionals, it is 
not considered to be a work measurement standard because 
there is no unit of output. It may be developed using an en- 
gineered or nonengineered technique. 

What is required? --.-l-~--.l_--" .- ,--- 

A person with a semi-broad management background tech- 
nically qualified to recognize the various phases of the 
work to be accomplished. person must have appreciation of 
management process so as to be able to determine various re- 
lationships and effects of support and supported functions. 

What must be done? "---- 

Job broken down into major functional areas and identi- 
fied as support or supported functions. Relationships, 
direct and nondirect, among areas must be identified. Com- 
parisons should be made to similar functional areas and 
relationships which seem from judgment to be working in a 
satisfactory manner. 

How lon2 will it take? -llw-m"---l -- ----~"c---- 

From minutes to days, depending upon the complexity of 
the job. <Y 

What are the characteristics? --- "-. 

This type of standard is based upon the personnel back- 
ground and judgment of the person(s) making the estimate. 
His estimate of situation depends greatly upon his ability 
to infer and draw analogies and conclusions based upon other 
existing similar situations. Difficult to determine cause 
of deviations from those anticipated. Cannot tell whether 
poor performance or poor conditions or incorrect original 
determination. 
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Advantaqes """" _" - ,,_ l_""__ _ _-. 

1. May be only technique available to establish staff- 
ing requirements. 

2. Relatively quick and cheap. 

Disadvantages ," _l,*,_-ll __-._,. .l-"-l "111 

1. Accepts past relationship as being sound. 

2. No real way of knowing validity. 
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WORK SAMPLING 

A sampling type study wherein an observer at random in- 
tervals observes and determines categories of productive and 
nonproductive effort of the activity being observed. 

What is required? _111_ _* 111 l"l*.-l -_-"".-l-" --- 

An opportunity for an observer to note which categories 
of work or nonwork the operator or operators are engaged in 
at the random times he makes his observations. 

What must be done? *"_--~"l"l""ll --..- l"-_.l_l_(,-" .-.- - 

The job must be broken down into categories of work and 
nonwork and these categories described; at random intervals 
the activity must be observed and the observations classi- 
fied into the proper categories with sufficient observations 
taken to get a reliable sample; the performance of the oper- 
ator or operators is compared to the concept of normal, and 
allowances are made for personal and unavoidable delays. 
During the period the job is being observed, a production 
count must be obtained (unit of measure) and the total time 
of the study must be recorded. With the above information, 
the allowed time for the various units of production can be 
determined. 

How long will it take? I-.-.-..I __...I _____-".-.--_.--"I.---- 

From one week to several months, based upon the number 
of different types of work and nonwork being observed (com- 
plexity of the activities being observed). 

What are the characteristics? "*I ,I_ ". ,,. I" _" - I_ 111 I"-_ ".-.-.-.-__---.--~---- 

This type of standard will give substantially the same 
results as time study standards where there is a clear dis- 
tinction between working time and idle time. In establish 
inq a work sampling standard, the observers must be alert 
for slight methods changes on the part of the operators. 
This type of study does not allow as fine a breakdown of ac- 
tivities and delays as time study. The job content and the 
standard time are specified in general terms. Because job 
conditions (such as method, quality, and operator perform- 
ance) arcs standardized, it is relatively easy to identify a 
deviation from standard and to assign a cause for the devia- 
tion. 
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Advantzes ~~I I-y 

1, Can be used to measure activities which are imprac- 
tical or costly to measure by other means. 

2. Requires less time (can study several operators or 
machines at once). 

3. Generally less costly than time study. 

Disadvantages *,,,,,*_"*ll,,,,l_,*-""-_ -m-m- 

l. Not generally economical for studying a single op- 
erator. 

2. Methods Control may not be as precise at Time 
Study. 

3. Operator may change work pattern without being 
observed. 
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TIME STUDY "------- 

Description _- --____( 

A study (by stopwatch or motion picture camera) and 
analysis of an actual job performance followed by a synthe- 
sis of the data obtained into a standard time for doing the 
job. 

What is required? ---.--_(-- -- 

An opportunity for a trained observer to time an indi- 
vidual job actually being performed by a definite method 
(preferably the improved and standardized method). 

What must be done? _"__ ._I _""---__ 

The job method must be completely described, the cycle 
or elemental times must be obtained by use of stopwatch or 
motion picture camera, the performance of the operator or 
operators compared to concept of normal, and allowances made 
for personal and unavoidable delays. With the above informa- 
tion, the allowed time for the various units of production 
can be determined. 

How long will it take? ."~I- -- 

From 2 to 3 hours (or even minutes) for simple, short- 
cycle jobs to days or weeks for complex, long-cycle jobs. 

What are the characteristics? ----"l---- -- 

This type of standard is generally considered a valid 
and reliable basis for establishing time standards. The job 
content and the standard time are specifically defined. Be- 
cause the method, quality, working conditions, and operator 
performance are standardized (highly), it #,is easy to iden- 
tify a deviation from standard and to assign a cause for the 
deviation. 

Advantayes I-. -_l .-_I 

1. Detailed methods description (good for control pur- 
poses). 

2. Relatively accurate work measurement technique. 

3. Obtain actual time values for jobs being observed. 
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Disadvantass ,,I",,,,", ,_I ,,,",I ,," 1-1, ,,",,I, ,_,I i _..I I"~ "__ 

1. Each job must be observed and the performance pace 
rated. 

2. Not economically applicable to all jobs. 
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PREDETERMINED TIME SYSTEMS ----- 

Descrifiion _~__ -.-. .--- 

Proprietary times systems using time data for the basic 
motion that is synthesized into a standard time for a job. 
Includes Methods Time Measurement (MTM) and General Purpose 
Data (GPD). 

What is rewired? ---"m"..---l---- -"-*-- 

Dimensioned sketch of workplace layout and product 
along with information about other features of the job. Re- 
quires that the person applying the predetermined time sys- 
tem be completely familiar with the system and able to iden- 
tify the basic motions pertinent to the job being studied. 

What must be done? l-.l-....-.---a--- 

The method for performing the job must first be de- 
scribed in terms of elements, then the elements broken down 
into basic motions pertinent to the particular predetermined 
time system, time values for the various basic motions cho- 
sen from tables, and allowances made for personal and unavoid- 
able delays. With the above information, the allowed time 
tar the various units of production can be determined. 

How lonewill it take? 111_" II -ll.l."ll-.-.- -.-_ -,......_ I --,.. _.--w 

From 2 to 3 hours, or even minutes, for simple, short- 
cycle jobs to days for complex, long-cycle jobs. 

What are the characteristics? aI- 11"" - .II "_.1.1- I. ..I -,.- -.---_---_"-.m 

This type of standard is as valid and reliable as time 
study for setting time standards. Where predetermined time 
system time values are used to set standards on all the ac- 
tivities, the various standard times will be more consistent 
for all the standards. Good work measurement technique used 
to establish standard time on manual jobs before the jobs 
are begun. Can be used for control purposes where all or 
most of the activities are covered by similar type stand- 
ards. 

Advantages ."_1 1"" "" _ ,l_l_l - _ "1-1 

1. More consistency between time values. 

2, Eliminates performance rating by analyst. 

46 



APPENDIX III 

“3 ” Can be used to compare methods (provided there is 
no machine time). 

4. Can set standard time for job prior to performing 
the job. 

5. Provides a sound basis for engineered standard 
data. 

IJisadvanta~$mg, 
"""" . ,1. , " " "  " I  ""1 _"__( I  I I  " .  

1. Judgment is required to identify basic motions. 

2. Not (always) applicable to process controlled, ma- 
chine controlled, and long or irregular cycle jobs. 

3. Detailed type of analysis--costly. 
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STANDARD DATA -_-- 

APPENDIX III 

Description I _"--ll.l__l",,"l --.-_- 

Time data at the element level (may have been obtained 
from previous time studies) which is synthesized into a 
standard time for a job. 

What is repired? *,1,11-*,__ ..--m ,-we ---- 

Time values in the form of tables, curves, charts or 
formulae for units of work (elements) small enough to permit 
determining the step-by-step time required by any method in- 
volving these job elements. A person technically qualified 
to break the job down into its various elements and able to 
apply the correct time values to those job steps. 

What must be done? --- --L*-.m-w-l- e"l- 1"1-m--- 

--To develop standard data 

The data must be obtained by either time study, use of 
predetermined time system, work sampling, or possibly histor- 
ical data. Preferably the elemental time values should be 
obtained by observing the element being performed in several 
different jobs. The data may be arranged in tables, curves, 
nomographs, alignment charts, multi-variable charts, and 
formulae for rapid and economical use. 

--To establish work measurement standard 

The method for performing the job must be broken down 
into elements, time values for the various elements selected 
from tables, curves, charts, or formulae, and allowances 
made for personal and unavoidable delays. With the above in- 
formation, the allowed time for the various units of output 
can be determined. 

--To develop standard data 

From weeks to months depending upon the amount of data 
necessary to set up the elemental standard data system. 

---To establish work measurement standards 

Minutes to hours to determine time values for jobs, de- 
pending upon the complexity of the job. 
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What ale the characteristics? -_L.- _1 ,.-- I I .._" ..-_ - I.I"_"-ll,-_---.-,--- -- 

This technique is generally considered to be a valid 
and reliable basis for establishing standards. However, 
when all activities are covered by elemental standard data, 
the various standard times will be more consistent for all 
the standards. A very good work measurement technique to 
use to establish standard time on jobs before the jobs are 
begun. Because job conditions are standardized, it is easy 
to identify a deviation from standard and to assign a cause 
for the deviation. 

Advantages -"__ "_1 "_-_l.--_i. - 

I* More consistency between time values. 

2. Can be used to compare methods. 

3. Can set standard'time for job prior to performing 
the job. 

4. Inexpensive method to establish standard, once 
standard data has been developed. 

Disadvantages -"l_l--.---- 

1. Requires time to build up standard data. 

2. Costly to build up standard data. 

49 



APPENDIX IV 

RELATED GAO REPORTS 
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Federal Agencies Should Use Good Measures of Performance to 
Hold Managers Accountable (FPCD-78-26, Nov. 22, 1978) 

The District of Columbia Government Should Determine Its 
Work Force Needs (FPCD-79-21, Apr. 4, 1979) 

Improvements Needed in Army's Determination of Manpower Re- 
quirements for Support and Administration Functions 
(FPCD-79-32, May 21, 1979) 

The Air Force Can Reduce Its Stated Requirements for Stra- 
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