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ABSTRACT

The discussion begins with a general summary of management develop-
ment concepts and then applies these concepts to a management development
program. Next, the discussion focuses on management simulation as a
tool for development. Advantages and disadvantages of simulation are
discussed and potential application of management simulation is shown.

An analysis of simulation design philosophy and'design objectives
is presented for a simulation at the first-line supervisor level for a
hypothetical engineering urganization. In addition, there is a discus-
sion on the integration of various factors into this simulation design
such as project tasks, short-term engineering tasks, personnel capa-
bility, coordination, overtime, sub-contractors, and others.

Results of tests of the simulation are discussed and conclusions
are drawn; first, regarding the potential achievement of a management
development objective by using the simulation, and second, regarding the
manner in which the simulation as designed takes advantage of the
strengths of simulation while minimizing the effects of weaknesses of
simulation methods. In adlition, there is a discussion regarding
implementation of the simulation in a development program.

The Appendix contains a guide, example of play, aids, and an
example planning sheet that will provide enyone who has a copy of this

paper an opportunity to play the simulation. A selected bibliography is
also included for those who wish to read further on this topic of
research and engineering management.
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INTRODUCTION

The purpose of this paper is to solve a management problem of

engineering organizations which is: how call the development of managers
from technical personnel be improved. In order to solve this problem,
or more appropriately in this instance, realize an opportunity, a
systematic approach is used which consists of a number of sequential
steps.

The first step is diagnosis of the problem which consists of

defining a comprehensive management developmeat proLram au:d then
comparing it to existing programs. This comparison reveals gaps between
the comprehensive and existing programs which must be closed if the
existing program is to be improved.

The next step in the problem solving process is to identify alterna-
tive means of closing this gap and thereby offer potential realization
of the management development opportunity. The third step is the

comparison of the various alternative solutions against a set of evalua-
tion criteria. After comparison of the alternatives, it is necessary to
select one alternative as a tentative solution for further development.

The tentative solution call be tested to determine if it does, in

fact, represent a realization of the opportunity. If testing the
tentative solution reveals positive results that indicate that the
tentative solution will achieve the opportunity, then moans to implement
the solution should be identified.

This paper is organized to follow tihe above problem solving approach
in the sequence described. Chapter 1 defines a comprehensive management
development program, describes the existing management development
programs, compares the two, and identifies the potential opportunities

for Improving the existing program. This analysis concludes with tihe

identification of alternative means of achieving an improved program.

Chaptear I also discusses sanagement ai•iulation in cnompar 6ron tu the

other alternatives ibentified, and ba•ed on the criterta 1resented and
referenced to other more in depth studies, selects a tentative solution.

This alternative, management simulation, is developed further in
Chapter 11 which describes the design of a unique management qimula tion

applicable to medium sized engineering organizations. Testing of the

tentative solution represented by the unique s imulation Is doecribed in

Chapter Ill and consisted of vohuntser, play-testing with rcsponse by

questionnaire and also multi-run testing to develop average scores for

the different scenarios of the simulation.

.LI



lin view of the results of the testing phase, conclusions are drawn
in Chapter IV regarding the potential for the unique Simulation to
realize the management development opportunity identified in Chapter I.
Chapter IV concludes with a discussion of means to implement the poten-
tial solution represented by the simulation.

The complete simulation as it would be presented to a potential
player is contained in Appendix A. By playing this simulation, the
student will be able to experience, in a simulated environment, the
essential elements of management of the workload of a technical group.

[;
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CHAP
5 T~ER I

MANACUMENT DEVELOPMEN~T
OF TECHINICAL PERSONNEL

Comprehensive Program

Program Required

A ca, pecetiesive program tor maiotgeomet development has been, del mied
by J- I-. 1pe it' thle PakPer, Hlienn fRsac n ~s4ne

Slctd ia s7l Thisl, progrimn has been~ definied specifically for
developinig eniginleers anld scienitisl; for numalgeient of technical orgaiii.,u-
I ionls anld recogni,'es tile reqa i rcnlit s and' nleeds of t echn teal pecrsonnc I0
In makhq the tw1 ansitii s'ni trout cigI rn to chlit cal Then emn
ratilianl e and bac kground ressa rc h I or s~ic tin ing tiw lte sp'ifld Camp retiel-
ttive programl IsI ditsctistld III de La I.in1 i tilt renc~me mid list) in anaother
paper, aniymtISimulatIion;, A Wa~taip vetneu teelim t
At- N E 181 . Ti'ij raLloniaic and research will niot be diticussuid here,
however, tile li'ial concluaslo regarding tilt rcoimutieuded caisprehuntisl'e
prograin wilil be summt.111wzd.

IIlit usarissaIi laglie til chnsIye maliagemcit I d eve lopmeitte programl, it
mlay 1e ItaId thlat a 11cr recorga i a.ing tilt, n~eed for I celicalaI perslonaeu Illt
tchliaIcal Irana gemlent , a*iseasitv ill e ad rtaiol ia approach1 sloul d be I ,kell
to detvelop t he se pertonalel I tor mlallagillmnt. Cad da iimt lor tile mattage-
Illeuit devetlapmietii proiraill should lic e le les~te oni tilt' bat is of1 lionti mal~l
aikled t or the Imnimge r Lil a ohs it on, Wili il muae or ma14y not Ilic 1tide thoie

who aric tint luilt tuchiiclte ItpcruoitncV I II lthei vareas,

'tle sheve Istldimii I P tsigill Ill lthi Iite svlsi gited 10 (Idslret's tile an lkila
p robiettisl at1 ccA~lii l c W-1oiii eisn iii veln liol 10 he%, demland iil of tile
llmind gor Ia proc~is Fur P tli ~therti, p rograili sholtiId coli iitat Wl I ircet
thIazmei all ort len La onisti iie,14 a I orImi I Vcoilkrti phaseo , aiid anl oil- IILia-J sib

develotpmentl hititiS.



Thle orientationl Phase sihould highlight the difficult tes of the
transi tion ruom technical fijelds to management and should prepare thle

Potential masnager for the following phases. The formal course phase
should use both general and special courses, tin a complementary mannier,
and ut ilize unique resources available to thle organization tin developing

w ~ course content. 'rhe emphasis in thesc phases is onl development prior to
promottion. D~uring thle on-the-job development phase of thle program, the
merthod of personal coaching by the niew maniager's superior aind objectives-
oriented dev'elopumet should be used in a complementary muanner.

After definiing thle comprehensive program, the next step tin the
.lnalysis is del inition of available development programs.

programs Available

In general, there are good management development materials: avail-
able within each of the program phases Identified above, especially inl
tie general course elemetiul of thle orunill Course phase. ho0weVer, there
are also areas of potent ial improvement, part icularly tin the orientation
phase. and special course elemkent of thle formal course phase.

orientatitonl

ienerail ly there aire few, If any, Ost atilt'shed developments4 Materials
that 111CC t all oif the needsi ofL the orientttat ion phaste ats defined tin
reterence (7J. Thure arec excellent lelaeotshort courses avail~able
Itroli uulivuroitlk,.- and sorn. ;rrfsttsiollil Isocietilee that fill most of thle

requirements 1 ofthils plaltio. .O11 trea tha~t neetdsi further strelngtheielng
Ill to provide at mean tit;tr the person to alct ively palrticipate tin a
I~mlagemtenlt 01 i romknlelt as1 oppiosed to only being exposed to llliglil
coaC opts1 Ithouigh t rad itional,1 deve loplmelnt 1110thedi such ;Iia lectures; and
.taudy kit text lmlltertali.

Btrief Case titudieloskind tittpeci~l 811%5illinllitt lollre two Sllnd for
exposling potential Ittanlage rt to thke new and dil e rou n IcivIronmon t of
Quina VlI1elIi t betor o i citoring at long .iiid e xpoulis l k ill to rice of actual
cost ii and also1 Iin to roit kit pe rtioiil 1 Inc e xpenided) imlaeiitdeve lop-
monilt p'rogrilil. I f, after thle orientat io'l phullie, thet personl do site~s to

PUVSUe Lthe developm11ent PVOrglam, he0 next vnters thet formail course phase.

rormakl k~el ~ictt
Iwo cItemiii kii formail, JodvelIopmenilt were identit te I ,in the, coicp cen ik- yev-

P tograic , whiVI ci , i generle touI clr t 1111i' tile iiiibjel't o1 nhlaii~lemlclit and
speC if I c Coilse Joi51v iced I or tilhe oglI atinthat rel a te Voncepta ii

meldlagetwLc to thle cl~rlivcoilto 1 01 thet organ I at it'l. lIn thet areal ki



general courses, excellent management development programs are available,
such as the Master of Engineering Administration program at George
Washington University. 7'rograms and courses of this nature provide a

broad background on the subject of management, and require that the
student develop a broad base of knowledge in the basic concepts of
management. Exteuslve availability of courses in the general area

permits management candidates to formulate a program that will fulfill

the general course portion of the formal development -hase defined for

tile comprehensive management development program. Tile extensive availa-
bility of general courses contrasts sharply with the lack of management
development courses which apply basic management concepts to the specific
environment of many engineering organizations, particularly at the first
line manager level.

There are few courses or development methods which relate concepts
of planning, organizing, leading, and controlling to tile context of
specific organizat ions. One of tile primary functions of tile first I ine

mauniager of engineering organizations is planning and control of the

workload of his group. There are few formal development methods which
relate planning and control to such tasking and administrative documents
as amy be utilized in the organization. in addition, there are often

procedures to be followed it one's organizatiotn that can af fect tile form

ot tile group leader's planning and control functions, which are not

treated in fortmal course materials.

Ssou livy, the group leaderT must apply the background of in tormai tion
he has, 1 obtat ned i roe genleral courses to tthe existinug environment through
"Ol-t h-.t Ob experience wit hout bene lit of formal devel opment methods,

Th, COmp 'r cheus I e prog'ram Inc ludes developmen t met0hods; with a specif ic

otiueara'.•on toward planilng and coatrolling workload which would be
aplil led dorlt•n tile lormall course phase,. This, thell, isl clearly an a tea
totr improvement Ltn the muanagement development program.

It comlliparing tile manll•getlemnt d.\eoloptinot program that exist t agaohIst

the proposed comprehensive program, two (at res oI potenti l I tillp rovemell it

have beell identilled. Theste atreas are in the f'orimll developmenut phase

and the orient It'On phase. lit tile io're•l developmellet phase, it waas

round that avaai'ble genieral courses, such as those oh ered by local

un1versit etls, iultilled tile malnagemUellt developml ent need ior thilt c-ategory'

however , it watst ound that there Is a teal need for speciali. ed formali

courts;es that relate tile concepts of management to the working col•vionment

of spIc tilc orgaoi i a at Ions. 'l tis need Is particularly acute for lower
level manulagers, whose dotice tarite somllotieb delegated to operating level



I
personnel as a result of personnel shortages, and for those operating
level personnel who perform some management duties. The next step in
the analysis is to create opportunities to eliminate these gaps in the
existing management development program.

Opportunity for Improvement

Having recognized the need for improving the nanagement development
program, opportunities should be created to fulfill this need. The need
for improvement falls primarily in the area of the formal course phase
of the development program. Thus, it would be appropriate to develop
course material that would address the stated need. The question is
now, what fvnri should this course material take? Several alternative
course formats are available which include lecture and text material,
case studies, and also management simulation, or some combination of all
of these.

Fulfilling the need for improvement in the orientation phase of the
development program could be achieved either by lecture and text materials
or partially by management simulation methods. Management simulation
directly involves the student In a decision making environment and if
used during the orientation phase, can show him a simulated view of what
management involves without requiring him to make the transition to a
management position. This experience coupled with other information
derived from lecture and text material and on-the-job experiences would
form the basis for the candidate's decision to pursue further management
development.

In view of the unique characteristics of management simulation as a
development method that can be used in orientation and for formal
courses, subsequent chapters will focus on the development of it manage-
ment simulation adapted to the environment of a technical group leader
(first line supervisor), Before discussing the design of such a simula-
tion, the topic of management simulation in comparison to other develop-
Isent methods will be discussed in the following section,

Management Simulat ion

Experience and Alternatives

Experience can be simultaneously a benefit and a hindrance to a
manager or a potential manager. Experience can be a benefit because it
is through experience that one learns how things are to be done in the
context of one's organization. However, this experience can also be a
hindrance because standard methods are sometimes not as effective in

6



today's dynamic management environment as more innovative methods may
be. This problem can be particularly acute for the technical person who
is aspiring to a management position. Often, the basis for decision
making in technical positions is very different from that in management
positions as wil be discussed in greater depth in Chapter II. Moreover,
the technical person generally achieves his objectives through things,
whereas the manager generally achieves his objectives through people.
The outlook and experience gained in these two modes of achieving
objectives iL very different, and the exper nice ot the technical person
may need augmentation before lie is able tc ssume the role of a manager.
How, then, can tile aspiring manager overcome the inertia of previous
experience when faced with the new demands of management?

One obvious way of providing expeileance is simply to place the
person in the position and allow him to learn on the job. However, as
pointed out in tile previous section, a formal development phase should
precede the on-the-job development ,hase, which leads to the alternative
development method identified at the end of the previous section. Of
thie methods identified, management simulation has tile potential to cast
the person being developed into a managemeac role and give him experience
in a simulated environment,

As stated by Graham and i;rly, "With the increasing general recogni-
tion ot the importance of tile management profession has come insistence
on better and shorter methods of acquiring management experience - at
least vicariously". Moreover, busines gaimes (or simulations) are
identified as a way to achieve this experience. [61 Befure discussing
valrIout aspects of allanageeleat stlullation in compa r ison to other develop-
ment methodsý, it would be useful to define management simulation au tile
term is used hurein.

ief llit ionls

The teri "''game'" hia, been used to denote a. ... fortl of simulation
in whicvh humtan beings make decitsions at various Sitages . . .'[121
G;aming has been de lied as . . . the cune of a gamlle model to permit
playe•rt to mtiake decisions and obsterve tile behavior of a model as, a
result oh their act ion' (121, tWaming is ditinguished frotl operational
guminig which has been defined as tile use of gel.101 .1 . . to detcl lcine
optimal soluitionus br strategies and to deturtmine optimal stiuctures for
systems [ 12 .

1iowever, the tertn "Fgallle' has the conota t ioll of a devclopmelnt
method constructed in a multi-player interactive format. As will be
seen in subsequent chupterli, a solitaire simulation has been developed
to be used in a progran of management development, and tile solitaire
nature of tile simulatLion that haa been developed is at variance withl tile

?7



connotation usually associated with the term "game". Therefore, the
term "management simulation" will be used herein to denote a form of
simulation which is defined as a game by Meier, Newell, and Payer, but
has nothing to do with the concept of operational gaming defined above.
The cerm "game" is avoided, in denoting the simulation that is presented
in this paper because of the multi-player connotation of that term.

In referring to the Carnegie institute of Technology business game,
Richard M. Cyert states, "Essentially, the Game is a living case. The
student is put in a situation with a variety of prpblems to be identi-
fied ana solved. More important, the student must be prepared to live
with his decisions. In this respect, the Game is unique. No other
educational tool presents this opportunity and challenge"[3]. Thus, it
is seen that while simulation is a unique method of management develop-
ment, it also has an overlap with case studies which is one of the
alternative methods of management development identified in the previous
section. In comparing simulation against the other methods of develop-
ment, strengths of simulation will be focused upon first which will then
be followed by a discussion of the limitations of simulation methods.

Design Considerations

An extensive comparison among management development methods has
been made by J. P. Hope in the paper, Management Simulation: A Way To
Improve Manement Development At NAVSEC. That discussion will only be
summarized here in the context ol design considerations that would be
applicable to the design of a simulation to be used for management
development[8], The basic problem of the simulation desigaer is to
develop a design that takes advantage of the strengths of simulation
while minimizing the effects of weaknesses as these strengths and
weaknesses compare to other management development methods such as
lectures and case studies,

In order to achieve a simulation that will realize the strengths of
simulation methods, it is necessary to develop the simulation design
with careful consideration of several factors. Student involvement is a
primary strength of simtulations, and the designer must ensure that the
simulation will present a Aituation that will induce student involvement.
As stated by McKenney, ", . . involvement is largely dependent on the
prompt loedback on the student's decision making. To make this involve-
munt a continuous challenge, the student manager and his competitors
should strongly influence the environment" 11]. McKenney also recommends
that games "... include uncertain events, elemeuts of risk, and a
complex payoff problem"(ll]. Clark Abt foels that games sl'ould
encourage imaginative freedom to experiment with alternative solutions,
while at tho same time offering a realistic set of constraints on less

ta



practical responses to problems"[l]. Another factor that can be impor-
tatt in the design of a management simulation is to use terminology and
situations in the simulation from the prospective environment of the
students who will be playing it[6].

The designer should try to create a design that will inform the
student about the environment for which the student is being developed.
For example, if it is the purpose of the simulation to help achieve a
management development objective at the first line supervisor level of
an engineering organization, then the design should focus on recreating
the environment of that position.

The designer should then focus on developing a model of the first
line supervisor's decision making process. The simulation dt:-.a should
focus on the decision making process, because it is through making
simulated decisions and receiving prompt feedback that the player's
involvement will be enhanced. Also, in accordance with the guides
presented above, elements of risk and uncertainty should be built into
the model which will be the key to developing technical personnel for
management. Technical decisions are often made with a basis on certainty
afforded by the application of natural physical laws. whereas in manage-
ment, there is a greater proportion of decision makinig under conditions
of risk and uncertainty. The issues involved in certainty, risk, and
uncertainty in decision mtaking is discussod in greater depth in Chapter Ii.

in order for the simulation to be an interesting challenge, the
player should be able to try alternative strategies. If one strategy
fails, he should be able to formulate a new strategy and experiment with
it. If the ilmulntion isi propurly designed, alternative strategles will
be available for the player to experiment with in making his simulated
docisions,

it the designer carefully considert. these dealgn nfactors in relation
to the strengths and weaknesses of simulation, het should be able to
develop a simulation that can chieove a specified management development
objective.

Summa ry

ill slumsary, it msay be stated that simulation has unique charac-
teristic•d that make it attractive for management development, however it
it; to be emphasized that any one method of minagoiemetnt development nhould
not be utilized to the exclusion of other methods, Gralham and gray
poeit out that gatiws should be used fur teaching things that can be
handled by simulation meothods while other methods should be utted where
simulation is not as approprinteo[ 1. In discusiLng the Carnegie uiotitute
of Technology businelsa game, it is stated, "it seems that in choosing

9



the proper mix of cases, lectures, and games, the main overlap resides

in cases and games, for the kinds substantive knowledge brought out in

lectures is not developed in cases and games, even though such knowledge

may be applied here"i33.

In view of the unique strengths of management simulation as a

development method in comparison to other methods, simulation is tenta-

tively selected as the potential solution for closing the gap in the

management development program identified in the previous section of

this chapter. The simulation would be used as a special course in the

formal development phase and would be part of a larger program of

general courses including case studies, lecture, and text materials.

The larger program would include a variety of development methods and

sources, including university courses as well as courses offered in-

house within the engineering organization.

The problem now becomes one of taking the tentative solution

represented by management simulation and developing a simulation that

has the potential to achieve a management development objective. This

topic is the subject of Chapter 11.

10



CHAPTER 11

SIMULATION DESIGN

Objectives

There are two basic management development objectives that this
simulation is to achieve. First, by playing the simulation, the indi-
vidual will be able to increase his knowledge of the interrelationships
between objectives and resources of a technical group as work is per-
formed within it to achieve organizational goals.- Second, by playing
the simulation, the individual will become more familiar with the
management environment as it relates to such things as objectives,
planning, control, terminology, potential resources, and other factors
which are included in the simulation.

In addition, two design objectives are of central importance to the
form of the final simulation. First, the simulation is to be completely
manual, i~e., no computer assistance is required, and second, an indi-
vidual is to be able to play the simulation by himself during freo time
and without the services of a game administrator.

The concept of a manual simulation is considered essential as a
cost reducing factor. Computer simulations allow a more complex model
to be used, but significant costs are incurred through use of computer
time and auxiliary personnel required to administer the simulation-
computer interface. If a method of management development is too
expensive, it will not be used regardless of its merits. Under current
budgetary constraints, it is considered essential that this simulation
be in a manual format to minimize cost and thereby ensure maximum
utilization. A second drawback to the use of computer simulation is
that the potential exists for interrupting the development effort
through mechanical breakdown, delay by priority programs, and other
similar occurrences. Therefore, a manual simulation is considered more
appropriate for the intended purpose, assuming that an appropriate
manual model can be developed.

11



inl keeping with thle philosophy of self -d evelopmen t referenced in
Chapter I above, a design objective has been established that requires
the simulation to be in a format that permits an individual to use it

without outside a-sistance. This concept has two important implications
for the model design. First, the play sequence and decision actions
must be within the capability of the player to comprehend and second,
the simulation must present an interesting challenge that will provide
the opportunity for the individual to exercise self-motivation in
playing the game on his own initative.

The reason for this self-play design objective is, like the manual
simulation objective, primarily one of cost reduction, if the indi-
vidual is motivated to study the simulation during his free time away

from work, then this part of the development program will not interfere
with the student's normal productivity at his assigned Job. By reducing

costs in this way, the attractiveness of the tool for full utilization
is enhanced. Furthermore, by emphasizing self-development and providing

the student with a specific means to use his free time for development,

Sit will be possible to identify those potential management candidates
who are truly interested in increasing their knowledge of the management
f ield.

After establishing these multiple objectives, it is now necessary
to formulate a general concept of a simulation model that will achieve
these objectives.

Tile ptritmary purpose anviiO(led for thitt titsh alt Lo ili to expotce, In

t itew way, st udeitL of IsNaaemieit to thet, (iUt'S invoived in itsanagOing the
workload o'i a technical group. The perspective of an operating level,
technical persaoi is very diiterent from that of the technical group
leader (fi'st line supervisor). By playitig this simulation, the opera-
tiug level person cant be giv et at Itaiight into thie portitectivce of a

group leader without t(ie problest of pltc(ig the i1iexperienced itt
unqualitlied in a real-life post lill 4t8 a tisnagOer of other plarsoieal.

The almulat Lolt emphacies i' lan1tiug atnd conttrol furnct o(it, not
nectitiarIly because these tire coutt(dereid to be more L•iportaint than other
futctiotki of l1dlnaget1tentL, iiuch ad organizi.ng or leading, but because

ilantnitg atd cottrol can be eflectcvely sodeled by ttimulatitou methodt
while, other funct(onit are conutidered to be itore readily studied by other
imOthods.

12
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When one is playing the simulation, lie is taking the position of a
technical group leader and he seeks to assign tasks to his subordinates
in such a way as to maximize the performance of the group. Tile emphasis
is placed on tile management of Short Term Engineering Tasks because in
thle hypothetical organization, tile group leader is assumed to have more
direct management responsibility for Short Term Engineering Tasks than
for other types of work such as major projects which are assumed to be
planned, organized, directed, and controlled from higher levels in tie
organization. While group input into these processes is important, the
group leader is assumed to have more of a total and independent responsi-
bility in managing workload in the Short Term Engineering Task system.

Tile simulation model that is to be developed is an abstraction of
real life as it necessarily must be. if the simulation model is too
complex in an attempt to duplicate reality, it will lose its effec-
tiveness as a development tool because players may become overwhelmed by
the complexity of tile model. In addition, the cost in terms of manhours
required to perform and administer the simulation could well exceed tile
cost of on-the-job training in which a measure of productivity would be
achieved that cannot be attained when playing the simulation. Further-
more, to achieve tile design objective of individual play, the model must
be of sufficiently low complexity and formulated .In such a way fhat tile
individual player will be self-imiotivafed to play it.

Onl tile other hand, if the model is too abstract and overailmpli tied,
it will not contain the essence tl reality that is necessary Ior the
simulation to be used to achlieve a managemetnt development objectvle.
Therefore, tile similation model must be developed to achieve at balance
between duplicating reality In its total complexity and capturing the
o•esential elements of reality for development purposes.

In addition, tile simiulation niodel Iii to be developed speci le illy
as i a inanlgeitieit development tool and not asi at simulation for inveati-
gathl;g aid optimizing tile proceiis of workload malagemen t If tile
purpose of tile model were to opt nizoe workload managemitenIt through the
uale ol qtiaaniiititicVO 6hmuhltatlu tecliiIues, thou a mane cop l-x model
would be essential. The more atbtract tmodel tLi lie utilized rot this
almulation will illastrtoe important olemsents and iiterrenat ionihlpii Ii
ithe iutiagesmen 1 of tecliticil group workload without beinmg too complex lot

tihe ti tdenit to Ltudy it through individual pltyilng. It iti, however,
essential that tilie key elimentei of manlager la work that tilie group leader

po1lorIati iii managintig workload be iticuded In tilt aimulatiin.

tit malnaiiging tIme workloId al oi a o group. tilie grouli leader tla laced with

esmaking decisions conAcernlng t' .1locAtlInn Of lihim tesoureem, i.e..

ipeople and timis, to the work Iivolved it :!chheelylg opbjvctivei, I,e., due
i datfew for $hur't Terum Engineerlug Task and work contributed to large
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projects. ills primary considerations are decisione about the work to be
done, decisions about getting the work started and keeping it going, and
decisions regarding keeping the work on course. These categories of
decisions might be conveniently labelled planning, directing, and
controlling, respectively (adapted from an unpublished illustration by
Professor J. B. Smith, Jr., George Washington University, 1975).

This simulation will focus on the factors involved in decision
making and the planning and controlling processes, because these pro-
cesses are more readily modeled by simulation methods than is directing.
Furthermore, this simulation Is modeled to take an eight week slice of
the total environment of the group leader to specifically illustrate the
short term planning process which is of great importance in the group
leader position in the postulated engineering organization.

As discussed by Newnuan, Summer, and Warren, "Leading [or directing
as identified above] is impossible without communication between
persons"113]. As one of the design objectives discussed above, the
intent of the simulation is to provide a development tool that can be
studied by the individual through solitary play, thus this simulation is
incompatible with a necessary condition of the leading process. Moreover,
the principal issues and concepts of leading are not easily modeled in
simulation format and are considered to be more effectively studied by
means other than simulation playing. Also, a large part of effective
leadership behavior can only be developed by being in a leadership
position in which the manager can exercise the concepts of leadership,
such as those identified by Newman, Sumomer, and Warren of ".... personally
and actively working with his subordinates in order, (1) to guide and
motivate their behavior to fit plans and jobs that have been eastah-
lished, and (2) understtand hte feelings of hill subordinates and the
problems they fiace as they translate plans Into completed action'"i1 3)
lPersonally and actively working with subordinates in leading can only bh,
performed in an organizationa l situation or an elaborate multi-persna
artifical setting which is not within the scope of the objectives
established for this simulation.

Furthermore, even in the organizational situation, time isI rnqalred
to develop an effective supervisnr-stuhordh mate relatIonaship which tends
to reduce the usefulnests of simulation for developing thill aspect of
managerlal .kill 13). Thuroefore, thLe process of leadership will not be
explicitly built into this simulation modeo although results ofi leader
behavior such as subordinate personnel capability are implicitly
considered,

In addition, the process emot orgalnizling will not he expilicity
considered In this simusation. The group leader en hats in , Ittle Input
into orgainizational cunaader.t ts as relited to insaaging group workload.
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Organizational changes may be infrequent and involve many people in
higher line management and staff positions. Therefore, considerations
concerning the process of organizing are not included in the simulation
model.

Having narrowed the focus of the simulation model to planning and
controlling, it is now necessary to discuss the nature of decisions in
relation to organizational objectives to be achieved.

Decision Making in Planning

In planning and controlling group workload, the group leader must
make decisions on allocating his resources, i.e., personnel and time, to
achieve established objectives. The objectives of the group leader are
of two general types. First, there are objectives related to large
projects such as new system engineering designs, and second, there are
objectives related to short term engineering tasks. These short term
tasks are small in both time allowed for completion and scope of work.
Short term engineering tasks might include things such as, routine
engineering support for system lite cycle maintenance and clarification
of design specifications during system construction.

The group leader attempts to make decisions that will result in
achievement of objectives, however he does not know prior to making the
decison precisely how well a given person will perform a given task,
It could be assumied that he is making a decision under conditions of
uncertainty, because he does not know how well the person assigned will
perform, and he also does not know the future state of his workload
particularly with regard to short term engineering tasks.

For simulation purposes, Modeling uncertainty cal be difficult
because creation of events must be abstracted into tile model, One wi;y

to create the occurrence of events is through probability methods in
which generation of a random number falling within it range of possible
numbers triggers tile event,. However, if tie player knows the range that
will trigger the event and all the possible numbera, he will be able to
determine the probability ol occurrence of an event which will change
Lthe decision situation fromt one under uncertainty to one under risk.
if the simulation is to achiece the self-play detsign objective discussed
above, these ranges of trigger' points must be known to the player.
Furthermore, the sell-play design objective will permit the player to
know in advance the total workload that hie mauly be required to perform
over the duration of the silmulation although he lmay not know the sequence
in which tasks will arrive.
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By using a game administrator, the method of triggering events can
be concealed from the player, thus the player will be making decisions
under conditions of uncertainty. However, using a game administrator
defeats the self-play design objective. In addition, if the decision
environment of the group leader can be modeled ulnder conditions of risk,
convenient methods .or triggering events through generating random
numbers will be available for design of tile simulation model.

The immediate task is, then, to examine the decision environment of

the group leader to identify situations as having either uncertainty,
risk, or certainty conditions. If this examination reveals that assuming
risk conditions does not distort reality sufficiently to preclude
achieving an effective management development tool, then a simulation
can be developed that will achieve the self-play design objective.

With regard to workload, the group leader will know with a high
degree of reliability thle amoulnt of effort his group must perform to
tlmet organization objectives associated with large projects, Projects
are planned throughout the managerial hierarchy well in advance of the
actual work. Cenerally, there is little deviation from the overall plan
once work has started and, in fact, in terms of the simulation being
developed, project workload could be reasonably modeled under conditions

f certainty. As an example, each ship design at the Naval Ship
Engineering Center uses tile same set of standard tasks for each section
(technical group), and the process of developing the project budgs-t
usually results In a comprehensive statement of the scope of work
required to complete the tasks for a particular ship design. Schedules
are also developed along with the budget and as a result of this project
planning process, the section head (technical group leader) will have a
reliable indication of the offort required to support the project for up
to a year in advance. With this information, the section head Can often
assign personnel to the project under conditions that approach certainty.

Evaluating personnel capability and incorporating this considera-
tion into the technical group leader's planning process also approaches
a decision condition of certainty because of the long term nature of
the project. While it is exceedingly difficult to forecast an indi-
vidual's performance on one specific day in the future, technical group
leaders should be able to assess, in a general wiay, tile performance of it
person over a period of months. A background of knowledge of past
performance provides the group leader with data for forecasting future
long term performance. Such foreastls are certainly of a very crude and
general nature, but caln be accurate for assignment of personnel to
project work. Thus, it is considered a reasonable assumption to uwodel
personnel capability on project work under conditions of certainty,
i.e., the group leader knows the capability of each individual for long

term performance on the project.
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On the other hand, work performed on Short Term Engineering Tasks
does not lend itself to modeling under conditions of certainty. The
time of arrival, urgency, and magnitude of a particular task may be
unknown to the group leader prior to its appearance on his desk.
However, over a period of time, a background of workload data can be
accumulated that can be used to forecast the total amount of workload
that a group may be required to perform to support their customers.
Woile this forecast may be of a rough nature, ft could be assumed to be
reliable for developing workload and manning estimates for up to at year
in the future. Thierefore, it Is reasonable to assume that a group
leader will know his approximate total workload for a given segment of
time which will be represented by thle total period of play of Lthe
simulation.

The group leader generally has- no way of determining to advance
the priority, timing, or magnitude of specific tasks. This aspect of
the group leader's environment canl be readily modeled to simulate these
uncertain conditions. First, individual tasks canl be prescribed which
provides thle urgency and mragnitude of the task. A set of tasks call be
developed with at distribution of priorities typical of that to be found
by Lthe group leader in hisa daily environment. Thle total manhours for
all of these itasks represents thle total amount of work that must be
pert ormed by thle group to support Short Term Engineering Tasks during
Lthe per iod of p1 aV of thle a imuliat ion. To slmtula te the randomi atrrival IoI
tasks, all task statemsents (ill Lthe form of at Short Taret Eng inee rting, task
card) ate placed i ace down, miXed hy the. player, and than Consolidated
into one stack ot tasks. Ast play progreasass, the playeor draws tasks
from Lthe stacýk whitch will prov ide him with Lthe latest st~i.te oft his
workload. thutt, tite total mttnhoura may be known-t for thle stimulationl
pet iod which ft it roasonni' ia asauttpt ion based onl Lte tact thata a group
lteader can toughly eat itmate poLtent ialI work load ova t extended periods of

4~ itime . Thte rantdom dra.win tg of ,;pee ff1, tosks f rot ithe pool a ittula ttea thle
artrival of t.Ask;i itt sequatence that izn unknown Int advatcie and s ins, alesl
thte uncertainty of thils aspect of group workload.

Once t ile tisk arrivese, thte group lecad er isl laced with it tti1gttill caitt
p latnttilg ie cittiol onatd that it,, to Whitots should t ile tiask be ass i gted" Ill
mak intg ithis dee Is ott, L.ite grottp oilcdet It; gutidedt b tite requir1 tetitet kis
the Lank, exisiting workloatd, atnd Liteabilf ity of litt, subordlttales to
cottttloete the taskl. 'tite tellrof entsef ofI fit: I ask anti exhainiitg workload
are. kttown fac tort, while I erttottttl capabillity ii; a subjective Judgement
tttade by titeauster~vittot.

TOtis iudgetettlet Is Compliicattedt by ithe sihort t ermt tature ot tihe
t totks . While It was~ sitownt Ithat llertottltltnc over tite lottg Let,, Vottld be
reasollai'ly sitmulated ti tnic r Cottd iot, t 0isO cerar UtyItr, ired I t t tg, per -
Iarlticttte over a . petriod ol ISeve ral ,alys ts 1110 mijeft V utnrece rtain It ec ait,,, oI
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the many intervening factors that can affect short term performance.
For example, a person may become slightly ili and be unable to work at
peak effectiveness for several days which could drastically reduce
performance over a short period of a week. In the long term, minor
illnesses will probably average out and become a relatively constant
percentage of the total period of time. In addition, a person may have
an "off" day occasionally during which he functions at reduced effec-
tiveness. Precise prediction of "off" days or illnesses cannot be
reliably made by the group leader, therefore, planning short term work-
load might be characterized as decision making under conditions of
uncertainty.

However, the simulation design objective of achieving a manual,
solitaire game requires that the player be aware of individual capa-
bilities of his subordinates in a quantitative manner. Generation of
random numbers is a technique that can be used to trigger events. The

player will be required to compare the random number against a range of
numbers that indicate a specific outcome. If the player knows the range
of ntmubers associated with the capability of each subordinate as well as
the total range of possible numbers, he will know the probability of
generating a number that falls within the capability range. This
knowledge will change the planning decision from one under uncertainty
to one under risk.

This information could be concealed from the player either through
the use of a computer or by having an active game administrator.
However, both of these options defeat the simulation design objectives
of it manual, solitaire simulation, the advantages of which are discussed
above, The problem now is to review the decision environment of the
group leader with respect to short term personnel capability to estab-

itsh if decision under risk it a reasonable approximation for management
devel•opmelnt purposes,

Usuially, at group leader call state the capabilities at each of his

subordinates in relation to each other. Annual performance ratings of
each subordinate often require him to rank subordinate performance in
relation to that of other eubordinates. Within the ranking system, it
is usually possible to establish, by experience in the group Onviron-
ment, a basis for ditt inguishing between marginal performers and those
who are average or better. T'huý;, the group leader hal inforsmation to
heL Ip in his planning derision which reduces the uncertainty that would
exist it he were not able to assess subotdin-Ite capability subjectively.

The next stop is to assign quantitative values to categories 0l
personnel capability. Few gtoup leaders make quantit at Ie assessments
of peresonnel capability, however, It is not impossible to make such till



assessment. For example, if a group leader felt that his outstanding

subordinate had a 90 percent chance of completing a Short Term
Engineering Task by a certain date, he might assign correspondingly
lower percentages to less capable subordinates such as 80 percent to a
good performer and 70 percent to a marginal one. By utilizing such a

method of assigning probabilities in his real environment, the group
leader has altered his planning decision from one under uncertainty to

one under risk. Therefore, it is considered reasonable to model the
group workload decision environment under conditions of risk for manage-

ment development simulation purposes. This distortion of reality still

captures the essential element of the decision environment, i.e.,
performance cannot be predicted with certainty in the short term, but it
can be forecast by the group leader who knows the capabilities of his
subordinates. One of the most important ideas that must be conveyed to
technical, operating level personnel who are studying management is that
there is a dramatic contrast between the decision environment in tech-
nical positions as opposed to managerial positions. Many technical

decisions are based on equations that will convert an input to an output
with complete certainty. However, few management decisions are made

under similar conditions of complete certainty and are more likely to be
characterized by condit ions of risk aned uncertainty. The important

concept that must be shown is that the management decision environment
includes certainty, risk and uncertainty which may be a new and drama ti-

cally di fferent environment from that experienced by the technical
person. Given the advantages of a uunual, solitaire simulation, it is

considered that modeling personnel capability under conditions of risk
Is an acceptable compromise. Having established the basis for modeling
the decision environment, it is now appropriate to suuimarize the char-
acteristics of the mwdol in relation to the workload environmtent of the

group leader.

Essential Elements

As discussed above, there are two distinct sources of workload for

the group. Project work Is long term in nature i and workload decisions
regarding it will be mtodeled tradur conditions of certainty. Support
work is tasked by Short Term Engileering Tasks, is short term hit nature,
and workload decisions regarding these tasks will be modeled under

conditions of risk.

In responding to these iputtzt, the group leaider htas resonre en that

can be applied within tile constirailate eat aitblished by the task, lit hias

subordinates who vary itn calpabililLy to perform certain work and lie Is

eastutt.d to have thie optioti to obtain as stitance Irom suit-cootractors,
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Overtime can also be used if authorized, if the group leader feels that
the task cannot be completed within the established due date, he can
request all extension which may or may not be granted. Furthermore, many
tasks require coordination with other groups which can affect tile
ability of the group to complete the task within a specified due date
and limited number of manhours.

Finally, there is a penalty on the group leader for not meeting due
dates. While this penalty is not usually quantitatively defined in real
organizations, it does exist because the managerial ability of the group
leader is reflected by tile achievement of objectives assigned to his
group, if objectives are not achieved, the group leader's reputation
suffers, particularly if delinquency lists are distributed throughout
thie organization's chain of command.

how these essential elements are interwoven into a simulation
design is discussed in detail in the following section.

Design Considerations

Course of Play

The full course of play would include all of the essential elemenlts
discussed above and would start by drawing all of tile project cards and
one Short fterm Engineering Task card. Project card instructions are
recorded on the planning sheets, one project card for each week. The
player then reviews the. task card and hlls project workload. lie estab-
lishes tile comIpletion date objectives that he wishes to achieve (wnlell
may be d1ffertent fron tile tatsk due date, hopefully earl, ir) and phlas
the allocation oh his personnel resources to achieve tile objective, It
circumstances turn out dlf (ereut ly from the player's p i,,n (and they will
through drawing ncw task catrds and other iactors), then hie must decide
oil correctilve action or replannling to mIleet these now conditions.

After these phases of planning and control, the player exccuwts thie
idminlstrative functions oe the simulation of attempting Completions,
recording penalties, and finlally recording all events oh tile day on tile
master sheet. These actions complute one day ol work for the player,
and he nIow proceeds to tle next day until Lorty days are completed.

'The player's primary objoctlve Is to avoid accumulating penalty
points (or overdue Short Term I.nglneering Tasks. lie is consttrained In
this task by the number and capability of hlls personnel and tlie number
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of mandatory hours devoted to project work. lie is given flexibility in

this task through due date extension, use of sub-contractors, and
overtime.

All project cards are drawn at the beginning of the game and are

recorded on the planning sheet. The player is required to allocate the

number of hours specified each week although he has the freedom to
decide on which days work will be performed and who will do the work,
within the limits identified on the card.

At the start of the simulation, all Short Term Engineering Task
cards are shuffled and placed face down, in order that the player not

know which tasks will be arriving on which days. At the beginning of
each day a new task card is drawn simulating the arrival of a task from
a customer (blank cards are included to simulate the fact that tasks do

not always arrive every day). The task card has an identification
number, a due date in number of days from the day currently being
played, priority, coordination level, number of personnel who may

simultaneously work on the task, and tie number of hours required to be

applied to the task before a completion attempt can be made.

The coordination level indicates how many different groups are

required to provide input and is used to simulate the increased diffi-

culty il completing a task when several different groups are involved.

The nutuber ot personaeel that can work on the task is specified to
simulate tile nature of various types of work received by Short. Term
Engineering Task. Some tatsks can be divided into diescrete segmentts thus

allowing more people to work on them. However, other tasks require tile
concentrated efforts of one person and canouet be done by several people
as efficiently as by one persong alone.

As a result of sitmulation prototype test Ilg, which It: distuts ned in

detail in Chapter 111, it was decided that it sequential approach wasl

required to lead the player into the full eov-as of play detscribed
above, It was found that the complete s Islulat iol, even though compara-

Lively simple, wa• too comprehenlie to be il sor'bod by the player in one
initial play. Therefore. the course of play is arranged in stages which
begin with tile basic simulation and additional elemenlts are gradually
introduced ill subsequent stages. A detailed narrattive ,! tile elementi I
included in each stage of the simulationi is included as part ot tilhe
simulation guide conltained il Appendix A.

Each of tile essential elements is Included in tile narrative and the
description of each element shows how tile col"cept of the element is
transformed into the simiulation Model.
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Design Conclusions

"Stage IV of GROUP WORKLOAD MANAGEMENT in Appendix A represents the

simulation that has been designed to achieve the management development
and design objectives established at the beginning of this chapter while

considering the stren6 ths and weaknesses of simulation referenced in

SChapter 1. The simulation is designed to illustrate the interrelation-
ship between objectives and resources of a group leader (first-line

supervisor) and is presented in a format that uses factors from the
assumed management environment. Achievement of these management develop-
mient objectives by the simulation results in a fully developed but still
tentative realization of the management development opportunity described
in Chapter 1. The simulation must be tested to determine if the simula-
tion does, in fact, represent a potential solution for closing the gap
in the development program. Before results of the test program are
discussed in the following chapter, it is appropriate to review the
manner in which the simulation is designed to emphasize the strengths of
simulation methods while u~nimizing the eifects of weaknesses of simula-
tion methods.

As pointed out in Chapter 1, the primary strength of simulation is
that the student can become involved in the simulation. Guides discussed
in Chapter I for inducing ircvolvement included prompt feedback to and

strong Influence by the player. in the simulation, the player's per-
lormance depends directly on the decisions that he makes. There are
factors beyond his control, but his decisions in allocating resources
call influence those iactor.i. Feedback will be vary prompt because the
entire silsuLation, reprez•ceting forty days teal time, can be played in
less thanl all hour. Feedback on decisions ituade for Short Term Engineering

uasks due in several s.4musated days tm-ay be known in a matter of milnutes,

Another guide was thlat uncertvai events iind elements of risk be
incorporated iato the destign, Uncertain events occur in the simulation
through drawing of a now task card each simulated daty. The player doe.
not ktnow the sequence of the t.atnds in tile (leck which sakes tLie new draws
uncertainl eveets. Elelm nts of risk ste introduced in cotmpletion capa-
bility of personnel, due date extetnionu, and farm-out procedures,

A third guide lot des;ign was that the player be able to e'periment
with alternative strategies. The simulat',n as designed permits the
player to develop and then test alternative otlrategies . For exmnple,
the player may asslgn tile outstanding perofn to Short Term Engineering

Tasks exclusively and assign the tmrtrginal Person to project work. lie
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could then try the reverse strategy with the outstanding person on
project work and the marginal person on Short Term Engineering Tasks.
By experimenting with different strategies and comparing results of each
strategy, the player has a means to help him gain an insight into the
interrelationship betueen objectives and resources of the technical
group leader.

Weaknesses pointed out in Chapter I included the problem of balanc-
ing time and complexity, the problem of unreasonable game defeating
strategies, and the problem of expense in terms of time, space, and
money required to play simulations.

With regard to time and complexity, the simulation as designed has
sufficient complexity to introduce the major elements of workload
planning, but some simplifications have been made. The simulation is
primarily intended for use by technical personnel who aspire to manage-
ment and too much complexity might deter some individuals from attempting
the simulation. The simulation, as designed, is felt to have the proper
balance of complexity and playability which results in a playing time of
approximately one hour per run of the simulation.

Extensive design effort, prototype testing, and final model testing
has not resulted in the development of any game defeating strategy. In
fact, the strategy that usually gave best results was one of assigning
the marginal person exclusively to project work and assigning outstanding
and good personnel to both projects and Short Term Engineesing Tasks.
This strategy reduces high risk associated with the marginal person in
completing Short Term Engineering Tasks, By using sub-contractors
working through higher capability ptursonnel, it was possible to have
these people complete Short Term Engineering Tasks at less risk and also
to simultaneously contribute to project work. This strategy has been
observed in real situations in planning actual workload. Higher capa-
bility personnel are often assigned a variety of work including projects,
Short Term Engineering Tasks, and monitoring of sub-contractor efforts,
while less capable people are often assigned to long term projects in
which there is lees risk associated with their contribution to the total
effort,

With regard to expense involved ln playing simulations, the simu-
lation as designed minimizes this weakness of simulation methoda.
The simulation presented in Appendix A can be played on Hie player's
own time, at home, and using only a normal d!esk surface. TIme required
for the simulation can be less than one houx per run, thereby reducing
the expeanse associated with time. Thm design objectives of a manual
solitaire simulation wore achieved, thereby eliminating the need for
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computers, computer personnel, and the game administrator. The final
result is a simulation that is very inexpensive in terms of time, space,
and money required for playing the simulation.

The next step in the systematic design development process is to
test the simulation which now represents a fully developed, tentative
realization of the management opportunity identified in chapter I. The

testing process used for the purpose of ascertaining if the simulation
cepresents a potential realization of the management opportunity is
described in the following chapter.
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CHAPTER III

SIMULATION TESTING

Test Method

Testing of the simulation was divided into two distinct phases.
The first phase consisted of play testing by various people who had been
requested to play the simulation and respond to a questionnaire. The
second phase consisted of playing through five runs of each stage of
the simulation.

The purpose of the first phase of testing was to assess the reaction
to the simulation by people at the Naval Ship Engineering Center and to
establish the appropriate context of its use. In addition, the question-
naire requested information from the play testers regarding modification
of design features of the simulation. The purpose of the second test
phase was to develop average scores for each stage of the simulation.
These averages would show the relative impact of changing workload and
adding means to increase resource availability which are introduced in
the various stages.

tn order to receive a wide variety of feedback, the sitaulation and
questionnaire were given to both management and operating level per-
sonnel, Management personnel Included tnaction and branch heads as well
as higher level managers. Specific operating level personnel were
chosen as play testers by the author's assessmsent of their potential to
become managers, which are those people to whom the simulation is
primarily directed. Feedback from management personnel, who have a
degree of influence over the selection of management development methods,
would indicate receptiveness to simulation as a development method as
well as the context of simulation, e.g., if simulation should be used
with lectures and other materials, Feedback from operating level
personnel would indicate the acceptance of simulation methods as a

<. development tool. Both groups would indicate, through questionnaire
feedback, improvements or modifications to the simulation to maximize
its usefulness to the individual. Thus, the questionnaire was developed
to seek responses in these three areas, simulation as a development
method, context of the simulation, and potential improvements and
modification to the simulation,
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Questionnaire

The questiounaire used to probe response to the simulation is shown
in Appendix B. Six of the questions concern the individual's reaction
to the simulation and the part that the simulation could play in a
management development program. The remaining five questions concern
design of the simulation and suggested improvements by the play testers.

Eighteen copies of the simulation and questionnaire were distri-
buted to personnel at the Naval Ship Engineering Center. Nine of these
people were in management positions (first line supervisor and higher)
while the remaining nine were in operating level positions.

Prior to completing the questionnaire, informal feedback from play
testers indicated that there was a threshold of understanding that had
to be overcome by those not familiar with simulation methods[4].
Basically, those who had had little or no previous experience with
simulation found it difficult to grasp the concept and flow of the
simulation. The complete simulation is relatively simple compared to
mtany simulations currently on the market, and tile extensive play aids
provided, further simplify the player's task. IHowever, there was still
the threshold of understanding that had to be overcome, While explana-
tion of the simulation concept was sufficient for tile play testers, tile
design objective of achieving a solitalre simulation led to use of this
preliminary feedback to modify the .lesign of tile simulation to its final
form as described in Chapter 11 and Appendix A.

This modi ficat ion resulted In a de'sign that introduces the player
to simulation methods In gradual stages. The initial stages tench the
player how to play simulatlonls by starting with the most elementary
concepts and gradually builds upon this base until finally, ill Stage IV,
one is playing the complete simulation. Thus, the player is able to
overcome the threshold of understanding which was identified in the
testing process.

of the eighteen queSt iona sires di at ributed, five were completed and
returned which included three from working level personnel and two from
manageeinlit level parsonne III The five rtaurned quest onnaItea represent
27.8 percent of tile total distributed, and considering the magnitude of
volunteer effort required to play the asimulation and complete the
questionnarlae, this return Is considered r'easonable. fin addition,
informal feedback was obtained from three otther people who had read tilermaterial and started playing tile simulation. These people were not
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able to complete the simulation nor the questionnaire because of other
cosmmitments, but all three were generally favorable to the management
development concept of the simulation.

Of the five formal questionnaire respondents, four thought that the
simulation would be an effective management development tool in respond-
ing to question three. The other questionnaire response, which was from
a section head, indicated that the simulation could be conditionally
effective in that it might be a useful tool in some branches, but not
for developing managers in his own branch. This person also stated, in
response to question ten, that no formal management development should
be used and that all management development should occur through on-the-
job training.

In responding to question four, four people (including the one who
did not advocate any formal training) thought that no other development
method would be a more effective tool than the simulation. Regarding
the context of the simulation in a program of management development,
probed by question five, four people thought that the simulation would
be a valuable addition to a program including other development methods,
such as lectures. The person who advocated on-the-job development, to
the exclusion of any formal development, also responded negatively to
this question.

In response to the question on complexity, three respondents gave
a complexity rating of seven on the scale of one to nine given in
question six; one person gave a rating of four, The person who advo-
cated only on-the-job development rated simulation complexity as "one"
in relation to the real life situation in his branch with the comment
that the simulation was ,. ,,relatively complex in absolute terms". All
respornes to question nine indicýited that making the simulation more
complex would not make it more effe'ctive.

playing time for the four respounne; (question seven) averaged
approximately three hours. However, subsequent discussion with the
playero indicated that responses were somewhat low in comparison to
actual time spent playing the simulation. The number of tices played
averaged slightly less that% two per respondent and ran'ed from one to
.1manyly which, through subsequent discuotlion, was fouwd to be approxi-

mately four plays,

Four of the respondemits ad\voc•mted a short program for prospective
mmanagerv rnuing a variety of development metiodtm and, as mentioned
previously, one purson advocated only on-the-.job development. All of
the working level respondents indicated tha t prospective scmnagers milould
have a management development program, including the simulation, and it
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should be recalled that working level personnel were selected for play
testers based on the author's assessment of their management potential.
A comment by one of the management personnel, who is a branch head, is
particularly relevent and is quoted as follows: "I feel the simulation
is all excellent adjunct to any management training program, and that it
has great potential for expansion into a management workload planning
tool".

The person quoted also indicated, in response to question twelve,
that he would continue to use the management simulation by modifying it
into an actual workload planning tool, not just as a development tool.
The other four respondents indicated that they would not continue to use
the simulation to study management of group workload. However, all of
the working level personnel indicated that the simulation, which is
primarily intended for use by working level personnel aspiring to
management, revealed information to them about how to manage group
Workload more effectively. One management level respondent indicated
that the simulation did not reveal any new information to him regarding
how to manage group wotkload more effectively.

In general, the feedback obtained from volunteer play testers, both

through formal questionnaire and informal discussion, indicates that the
simulation is potentially useful in developing working level personnel
or mainagement and may have a "spinoff" benefit in being adapted for

actual workload management. The results obtained also emphasize again
that the simulation will be most effective if it is included as part of
a program of development that would include other development methods
such as lectures and case studies. While it is unfortunate that a
targer return of questionnaires could not be obtained, it is felt that
the formal ,uid informal feedback received demonstrates that the simula-
tion ha1f thO potential for Improving management development programs.
1o1reover, the response indicates that a wider test of the simulation is
warrantted which is one of the purposes of this paper.

In addition to volunteer play testing, there was also a teat phase
Lthat used a series of trial runs to develop average scores for each
stage o( the simulatlon. This topic is discussed in the following
sec tion.

1 LiceaL luue,
Trial Runs

Trial runls of Oech stage were performed to establish average
scores for the miX of resources and objectives represented by each
stag,. These average values are scores that the player could expect to
achiove, however, the random events built into the simulation, such as
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arrival of tasks and completion capability of personnel, will result in
variation of scores achieved, as is shown by the trial run results.
Results of the five trial runs for each stage are shown in Appendix C.

In the initial stage, the player has three people "working" for him
and his objectives include only completion of Short Term Engineering
Tasks. This stage is well balanced and the player will be able to
complete this stage with few penalty points. In the second stage,
workload is added that is equivalent to the outstanding person working
full time on project work without addition of other personnel resources.
As would be expected, the penalty points incurred increases dramatically.
This increase will graphically show the player the implications of
adding workload without adding resources or flexibility in meeting
objectives.

In the third stage, the player is allowed to use overtime and
extend due dates of Short Term Engineering Tasks. As can be seen from
the trial run scores for the third stage, it is possible to achieve very
low scores (all results were "zero" or "one"). These low scores show
that this stage is well balanced between workload and resources.
Depending upon the random arrival of tasks, the player will be able to
achieve comparatively low scores. After playing Stage II], the player
will see the importance of extending due dates and using overtime to
achieve flexibility in applying his personnel resources. In Stage I1,
the player does not have this flexibility and as a result his penalty
score will be much greater. In real life, the technical group leader
avoids incurring overdue tasks by extending due dates and by using
overtime. The third stage of the simulation dramatically points out the
advantages of using these means to achieve flexibility.

In the fourth stage, sub-contractor assistance is available. The
addition of these outside personnel resources allows the player to scorre
zero penalty points with relative ease. Sub-contractor assistance is
useful in two ways. First, it permits sending large tasks to it stulb-
contractor who can apply the maximum nuhiber of people to the task and
thereby complete it sooner. Secondly, It permits more tasks to be
performed through the outstanding person in the group. By farming out
tasks through the outstanding person, advantage can be taken of the
outstanding person's greater ability to complete tasks after the required
number of. hours have been applied to the task. It the outstanding
person must work on tasks himself, the number of tasks that he can
perform is very limited. However, by farming the tasks out, hc will be
able to complete more tasks which reduces the player's risk involved in
task completion.

19



As a result of the two phase test program, several conclusions can

be added to the general conclusions regarding the design and development

of the simulation described in Chapter II. These conclusions are

discussed in Chapter IV.
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CHAPTER IV

CONCLUSION

Simulation Design

There are a number of conclusions that may be drawn from the

design, development, and testing of the simulation contained in

Appendix A. The most important is that the simulation has the potential

to be used in realizing the management opportunity described in Chapter 1.

The simulation, as designed, could be used in improving the managc

ment development program in engineering organizations similar to the

organization postulated in Chapter 1. The simulation would fill the gap

in the lack of development materials during the formal development phase

relating concepts of management to the environment of specific engin-

eering organizations, particularly at the first line supervisor position.

The simulation casts the player into the role of the first line super-

visor, and by playing the simulation, lhe must sake planning decisions in

the allocation of group workload wuider conditions of risk, wncertainty,

and certainty,

A second potential application of the simulation is in the orienta-

tion, phase of the management developmenit program. By playing the

simulation, potential managers would be given a simulated introduction

to one aspect Gf the technical group leader's maunagement responsibilities.

Although the simulation has the potential to be utilized in closing

the gaps identified in a managemeunt development program, it must be

recognized that a balanced program inccluding a variety of teaching

methods is necessary to achieve managelwent development objectives.

Simulation can be an effective method, but it mist he balanced hy

lecture and text materials, case studies, and otther Wteachig ~methods.
Thus, Chiis saimulation Is envisioned as but one part of a Complete and

balanced management development plrrml-,ali1 cllnsis t lug of oither conl l!rS % on

general subjects and those specific courses that are available in

existing program.•
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With regard to the design of the simulation itself, several con-
clusions may be drawn. The simulation has been designed to involve the
player in making decisions in the simulated environment that abstracts
a true life environment. Involvement is one of the principal advantages
of simulation methods. Through the design objectives of manual and
solitaire play, which were achieved in the simulation, the player must
become involved in the simulation in order to complete the sequence of
steps outlined in the simulation guide. A second advantage of simula-
tions, in general, is that simulations permit the player to experiment
with alternative strategies. This flexibility is built into the simula-
tion design by allowing the player free choice in the assignment of
workload which he may vary to test alternative assignment strategies.
Moreover, the individual stage test results of the simulation show the

*impact of adding flexibility in strategies by the addition of overtime,
task extension, and use of sub-contractors.

One of the primary disadvantages of simulation is the expense in
terms of employee time lost during play and the expense of development
and administration of the simulation. The simulation presented in this
paper minimizes these negative factors through the manual and solitaire
design features which have been incorporated into the design. Manual
play, as opposed to computer assisted play, eliminates costly computer
time as well as administration of the player-computer interface. The
solitaire design eliminates the need for a game administrator, thereby
reducing costs, but more importantly permitting the player to study the
simulation during leisure hours away from his place of employment. The
simulation can be used by those persons interested in studying manage-
m•nt without interfering with thoir Job responsibilities.

The simulation presented here emphasizes the strength of simulation
methods while minimizing the effects of weaknesses of simulation, In
addition, it has been tested by people who represent potential users and
has been favorably received by them. Il view of the foregoing, it is
considered that the simulation included in Appendix A has the potential
to be used in realizing the management opportunity of improving manage-
ment development prograes,

i_,lgmentat ion

It mus. be remembered that the simulation presented in Appendix A
is based on an assumed, hypothetical organization which may or itay not
be a true representation of the individUl1 user'st organization. Thu-,

i! the user may wish to adapt the simulation to his particular ortgan i.atlion
before implement ing Its use as a managemant development tool within that
organization. Il view of the potential need for this adaptability
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requirement, the simulation model has been designed with variable
parameters that can be modified to suit the environment of specific
organizations.

These variable parameters include primary variables which are
number and quality of personnel in the technical group and workload
characteristics such as typical due dates, manhours per task, coordina-
tion level, number of people per task, and rate of arrival of tasks.
Secondary variables are overtime policy; farm-out process, if permitted
at all; and due date extension process, if permitted. The most dramatic
alterations can be achieved by modifying primary variables while mod-
ifying secondary variables will have less overall impact on the
structure and playability of the simulation.

When one is seeking to modify the simulation to suit his own
organization he should first establish the number and type of personnel
available in the group within the organization that is to be modeled.
These personnel factors then become the basis for the simulation scenario.
For example, if it is desired to model a technical group of five good
performers because that is typical of thle organization, then those
factors should be established in the scenario.

Thle next step is to establish typical workload parameters and then
change tile Short Term Engineering Task (STET) cards to suit this typical
workload. For example, if the type of work simulated by STET cards was
found to arrive at the rate of three per day and all tasks had a coordina-
tion level of zero because of tile type of work performed in the organiza-
tion, then tile scenario would be changed to require three STET card
draws per day and all STET cards would be changed to reflect zero
coordination level. The other parameters (number of people per task,
due date, effort required per task) could be similarly todified, Tile
key to this step is to perform a realistic management survey of the
characteristics of the work performed it the group and then modify the
simulation moldel to suit.

The final step in developing the simulation model is to establish
the secondary parameters that reflect organizational policies regarding
the use o0 ovewrtee, sub-contractors, and extension of dun, dates. Once
itve new model has been developed, there is one last step that must be

taken before general use of the simulation.

This step is testintg tile msodel. Testing tile mlodel m•my be done by
the person who developed the new modil or by other people in umangemlent
posit0ions In the organiz ation. Thie purpose of this test is to ensure
that combined e ffects of variation oft tile parameters do not distort the
reaul ta one obtains when playing the simulation. If reasonlable results
art obtained during the test phase, the revised simulation is then ready
for general use in% the specific organization.
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Author's Closure

The simulation GROUP WORKLOAD MANAGENENT, in the Appendix immedi-

ately following this section, is based on a hypothetical organization

and has been developed to establish a basic design concept for simulating

workload management of a technical group. Testing has been performed as

discussed in Chapter l1i.

One of the primary objectives of this paper is to obtain broader

exposure of the design concept in the hopes that the reader will be

encouraged to play the simulation and then complete the questionnaire

contained in Appendix B. The results of this valuable feedback from

potential users can then be utilized in further development of the

simulation model used in GROUP WORKLOAD HANAGMEN,.
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INTRODUCTIONt

The purpose of this simulatlon (GIROUP WORKLOAD lMbANAGMENT) is to
exj pose students of management to tile issues involved in managing the
workload of at technical group of kin engineering organization. GROIUP
WOKOD `NCMNT eisphas~tzei; planning and control function,,, not

If necessarily because these are considered to be more im-ortant than other
functions, such ais organizing or leading, but because planning and
control canl be handled well by simulation methods while other functions
ate considered to be more readily studied by other means. Thusi, GROUJP
WORKLOAD MIANAGOMMTI~is env isioned amu part of at total management develop-
ment programl t hat could be used in at complementary way with other
methods in the program to achieve at management development objective.

Wheni one Is playing, CROUtP WORK.LOADt MANA(GlIENT , lie i.s taking thle
peastilon of at technical group, leader (fitirt-litie supervisor) and lie
seeks; to astsign work to his subordinates in such at way as. to mtaximize
the pert ermantce o1 thle grout', The emphaiis is, p1laced On management OfI

hlort T e rm I'nginec rt g tasmks (STi.T) b~ec ause thle t echnitcal group leader,
It, I mre direct malnagemeInt rttpens lb ilitv tilt* itTifa tuan for Other typos
Oft work aucti as major protel t. a which ate oft en planned, organized,
d iVtectd, and cent tell ed fr-oml munly higher' levelis In the post niat ed
Organ Iza t ioll. While group, tnput Ital these proceisses Isl imj'octoii, thle
techinical groutp leader has move kit % totla and independent te spons I
btility inl managitng we ;k lead Of Sls

It wilt tbe no ticeid whenl playing G ROUtP WOlI.tOAtI ItANAGEIIMiNt that some
clt'liement have tbeen a imp Iitited ever G iV enviro1nme1nt that ex~ti ait r eat
lthe . Tti 1 a sisp iti tcation has1 tbee'n done In a ichcti aWay ito aIic i ve at
balance l,e.twtlwe itupli Ia Vttagr real ity In its i etoa compl exit y and acilti to-
tag, at imit at ton Ithat Vaiitureti thle esseat tat elemkentsi of real it y tor
training purploses while leintg cmrhsittoto thle tieron us talg It. It
at a imotat Ion io too coil'lex , it (t in ol asl e1lv v,t loet. 01tluntatg purposesa

ml iore atni tact verts on t hat caplture a thle viaseac,' oft reality. It
liou Id hie 1ememolie ted t hat thet atimu tat It'ln Isl cay 1st eid asl pavti il

Of Ilkilld01lma Ageet development.

At Iil'tat g I alcet, it say aippea r that CtROUPt WOgRKLOAD %lANAt;"VF'.NT Is
metev coalpt, o than It will lie tal dacual 11141Y, there- areV play aIds tt10t
app~ear to, add eoultplvxlt 1 v , but I hiele atlli prlmteeu thelt- Isimlalton In an
odr, ly it t ilmt thats canll' [t, paceeti In tenot Of tiet p aiver, flthough niiii

Of themi, aolds.* tile i'laeve witll not be Irequiired to memtorize0 any ruleis or.
ot-I~r data.
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GROUP WORKLOAD MANAGEMENT is designed for the player to study it
without assistance from other sources. The player, in performing the
role of a technical group leader as it relates to managing workload, is
faced with decisions to be made under conditions of certainty, risk, and
uncertainty just as he would be faced with decisions under these condi-
tions in a real life situation. Elements of the workload management
task, such as project and STET work, use of overtime and sub-contractors,
extension of due dates, and personnel capability are included in the
simulation.

Tile basic scenario is structured to provide an interesting and
challenging task to tile player and is a synthesis of various conditions
that exist in group workload. The model used in the simulation is very
flexible and could be modified by the player to place more or less
emphasis on STET work and to change the number and capability of personnel
if he so desires.

Actual play of GROUP WORKLOAD IA1NAG1MIENT (GWN) follows a sequence
of steps in planning, control, and administration which is outlined on
the MASTER SEQUENCE. This chart provides the player with all of the
steps required to execute tile simulation and refers to subsequences that
umy be required during tile course of play. Sample planning sheets are
included from a trial run of tWN and illustrate a convenient notation
that may assist tile player.

GROUP WORKLOAD NANAGEMENT is presented in stages to gradually
introduce the player to simulation methods. Tile complete simulation is
not complex, but could overwhelm tile player not familiar with simula-
tions if he attempts the complete u1WN on tile initial play. By gradually
adding additional factors at each stage, thie player will be able to

learn how to Play GWM without becoming overwhelmed. The player should
begin with Stage I and progress through the stages one at a1 time to
Stage IV. The appropriate playing aids and guide text are provided ait
each stage. In addition to the new items introduced at each stage, all
of the mtaterials frosi the previous stages are required for subsequent
stages, except for tile NIAS'rE SiýUC.NCE which is replaced as noted.
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STAGE I

Preliminary Preparations

1. Clear an area about the size of a desk top or a card table.

2. Obtain two dice.

3. Make 16 copies of sample planning sheet.

4, Cut out'and shuffle the STET cards. Place stack face down.

5. Place the MAST2R SEQUENCE STAGE I close at hand and other

charts within convenient reach.

6. Turn over the top STET card to begin play for first day.

Scenario

1. Group personnel consists of one outstanding, one good, and one

marginal.

2. Play lasts for 40 simulated days although the player may

abbreviate this period if he foals that he has grasped the basic

concept.

GuideComments

Personnel Capability

Different people have different capabilities which are simulated by

the ability to complete a STUT task.

The ability to complete a task in finished form is one of the

distinctions among porsonnel capabilities and these distinctions are

shown on the COMPLETION CAPABILITY CHAW1. In general, all people in the

group can put in time required to bring a task near completion, but the

higher capability person can finish it moee reliably than the lesser

capable. This design feature ia not to imply a demeaning vioewpoint of
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the less capable, for this condition may be found in a person of high
potential who may be new to a job and lacks experience or has not yet
been trained to perform the job as others may have been. This simula-
tion takes an eight week slice of the total job of the technical group
leader to illustrate planning and control functions in workload manage-
ment, and personnel capability is assumed to be constant for those eight
weeks. The longer term situatior, of the technical group leader in real
life involves identifying those marginal performers and raising their
capabilities through training, experience, or other means. Methods for
achieving these goals are not within the scope of this simulation and
would be addressed in other parts of the management development program
of which this simulation would be but one part.

Completion of STETs

Each STET has a specified number of hours to be performed on that
task before completion can be attempted. There is an element of risk
involved in finally completing a task even when sufficient time has been
put in to bring it to completion. Editorial changes may be required, an
important factor may have been overlooked, modification and review may
be required, among other delays.

Higher capability people are more likely to submit an acceptable
product than are the less capable. This effect is simulated through the
generation of random numbers to indicate completion of a STET after the
required number ot hours has been applied to the task. if the random
number falls within the range specified on tile COMPLETION CAPABILITY
CHART, the STET is completed. If the number is not within the range,
tile STET is not completed and additional work is required. The amount
of additional work is determined by generating a random number whichI gives the number of additional hours required and simulates the range of
additional work from minor editorial changes to revision of concept.
Random numbers are generated by tile simple method of rolling a pair e1
dice.

A COMPLETION SUBSEQUENCE is included in the play aide which gives
the player a step-by-step guide for completing STETs.

"It should be recognized that several attempts may be required to
complete a task with additional hours added each time. While the
probability of incomplotLins is increasingly smaller for larger numbers
of attempts, it does effectively simulate thle potential for the occa-

sional "snafu" that inevitably occurs in real life when a task, like the
plague, seems impossible to elisinate.
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Coordination Level

It can be seen on the COMPLETION CAPABILITY CHART that the ability
to complete a task is reduced by the coordination level of the STET.
This effect is provided in the design to simulate the increased diffi-
culty of completing a task when more than one activity must provide
input and review the final reply. As more groups become involved, delay
and difficulty is inevitably increased over that experienced when one
group is solely responsible for the final reply.

Overdue Penalties

Penalty points are arbitrarily established as a reference point for
the player to assess his performance over several runs of the simulation
and are set at one point per day overdue for routine STETs and three
points per day overdue for urgent STETs. The primary objective is to
achieve a score of zero.
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MASTER SEQUENCE STAGE I

1. Draw STET card (if due date exceeds end of simulation discard it and

draw again until one is drawn that is within the time remaining).

2. Plan STET workload on planning sheets.

3. Control phase, note deviations from plan.

a. Change objectives; replan--shift personnel.

b. yeep objectives; corrective action--shift personnel,

4. Administrative Phase

a. Attempt completion. **(COMPLETION SUBSEQUENCE).

b. Record overdue penalty.

1 point per day Routine STET.

3 points per day - Urgent STET.

c. Record events of the day on master sheets.

d. Move to next day until 40 days are complete. (Return to

step 1).

I Indicates subsequences and/or charts are available to assist in

performing these steps.
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COMPLETION SUBSEQUENCE

1. Hours performed on task are equal to the hours required on the STET
"card.
2. Locate the appropriate column on the COMPLETION CA&ABILITY CHART
for:

a. Personnel capability (of least capable person working on the
task if more than one worked on it) considering the effects of overtime
of previous week (see GUIDE, Stage III; overtime not permitted Stages I
and II).

b. Coordination level specified on STET card.

3. Roll two dice and index the number thrown with the appropriate
column, then read the result indicated.

4. a. If result is completion, proceed to step 5.

b. If result is not a completion, proceed to step 4c.

c. Roll two dice, the number thrown is the number of hours of
additional work that must performed before completion may again be
attempted.

d. Note additional hours on planning sheet.

5. If have attempted completion for all eligible tasks, proceed to next
step of RASTER SEQUENCE.
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COMPLETION CAPABILITY CHART

Number Personnel Capability/Coordination Level
Thrown 0/0 0/1 0/2 C/0 C/I G/2 M/O M/I M/2

2 C C C C C C C C C

3 C C C C C C C C C

4 C C C C C C C C C

5 C C C C C C C C C

6 C C C C C C C C -

7 C C C C C C - - -

I 9 C C - C - - - -
.10 C - - - - - - -

10 C . ..

11- - - - - - -

12 . . .. . .

C - STET is comipleted
- ' ST'T iLa tot completed
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STET Due +15 STET Due +5 STET Due +20

No, 1 Routine No. 2 Urgent No. 3 Routine
Coordination Coordination Coordination

Level 0 Level I Level 1

One person One person One person

only only only

16 hours 24 hours 32 hours

STET Due +3 STET Due +10 STE'T Due +8

No. 4 Urgent No. 5 Routine No. 6 Routine

Coordination Coordination Coordination

Level 0 Level I Level

One person One person One person

only only only

16 hours 24 hours 8 hours

STET Due +9 STET Due +15 STET Due +20

No. 7 Routine No. 8 Routine No. 9 Routine

Coordination Coordination Coordination

Level 2 Level 2

personOne person TWo people
only One person only

8 hours 40 hours 64 hours

S'hT Due +10 STEl Due +20 STET Due +10

No, 10 Routine No. 13 Routine NO. 12 Routine
CoordinNtio Coordination Coordinstioll
Level c Level 2 Level 1

Spersonperson 
One persoo

onOl only only

onelnl

40 hours 24 hours 24 hours
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J 1

STET Due +10 STET Due +15 STET Due +5
No. 13 Routine No. 14 Routine No. 15 Urgent

Coozdinatiun Coordination Coordination
Level 2 Level 1 Level 2

Two people One person One person
maximum only only

40 hours 32 hours 40 hours

STET Due +10 STET Due +5 STET Due +3
No. 16 Routine No. 17 Urgent No. 18 Urgent

Coordination Coordination Coordination
Level 2 Level 2 Level 0

One person Two people One person
only maximum only

32 hours 40 hours 16 hours

STET Due +4 STET Due +10 STET Due +15
No. 19 Urgent No. 20 Routine No. 21 Routine

Coordination Coordination Coordination
Level 1 Level 1 Lev'l I

One person One person One person
only only only

24 hours 32 hours 48 hours

STET Due +12 STET Due +5 STET Due +6
No. 22 Routine No. 23 Routine No. 24 Routile

Coordination Coordination Coordination
Level 2 Level 0 Level 0

One person One person One person
i only only only

24 hours 8 hours 16 hours
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I-

STET Due +15 STET Due +20 STET Due +20
No. 25 Routine No. 26 Routine No. 27 Routine

Coordination Coordination Coordination
Level 2 Level 2 Level 2

Three people Four people Four people

maximum maximum maximum

64 hours 80 hours 120 hours

STET Due +15 STET Due +15 STET Due +10
No. 28 Routine No. 29 Routine No. 30 Routine

Coordination Coordination Coordination
Level 0 Level 2 Level 0

One person Two people One person
only maximum only

24 hours 64 hours 24 hours

STET Dve +5 STUT Due +8 STET BlankNo. 31 Routine No. 32 Routine

Coordination Coordination

1Level 0 Level I

One person One person

only only

•i16 hours 32 hours

STET Blank STET Blank STET Blank

A-12



STET Blank STET Blank STET Blank

STET Blank Project Project
40 hours 40 hours

(16 hrs 0 or G (8 hrs 0 or G
24 hrs any type) 32 hrs any type)

Project Project Project
40 hours 40 hours 40 hours
(8 hrs 0 or 0) (any type) (any type)

32 hrs any type)

Project Project Project
40 hours 40 hours 40 hours
(any type) (any type) (any type)

Retain project cards for Stage 11
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STAGE 11

Preliminary Preparations

1. Assemble all materials from Stage 1.

2. Replace MASTER SEQUENCE STAGE I with MASTER SEQUENCE STAGE 11.

3. Mlake 16 copies t sample planning shorý.

4. Cut out and shuffle project cards. Place in stack, face down.

5. Torn up first project card and record on first week planning
sheet. Repeat until all project cards are recorded.

6. Shuffle STET cards, place face down.

7. Turn over the top STET card to begin play for first day.

Scenario

1. Group parsoiuiel consists of one outstanding, one good, and one
marginal.

2, p'lay las4ts for 40 simulated days although the player may
shbbrovilitt this period if hie feults that hie has grasped the basic
Concept.

Project Work

iTie hourst a p- i(Led vin the proj eat cardsl are hen nuilba r of hours, of
dactwil worik thatt isis t be con r Ibut ad to the projict d~ii ing i. iat week.
In viLew of the ii III arenacsl In VapabIlltit;e 11ineu pa isonlw 1, hoursl worked
will not Ilwayst bit the 6amle as ,aVLudl work contr ibuted t.0 the project.
Fo r oxamp Ia, Ifit a muieg iand pertion works; on it proe)cat I or e ight hoursk,
his con r ibut Ion lIn actual work to Ohe pro).keat isl Only fourt hours., It
Ill 0h0 totall 01 (Iact I hont'l raI thtilast aCeL OR teWeekly LtoAl r0e1i~n Ired
The PROJIECT WORK CIMRIT Lit provIdud to convert hours worked to actual
hourscnt CIhb~utd.
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MASTER SEQUENCE STAGE II

1. Draw STET card (if due date exceeds end of simulation discard it and
draw again until one is drawn that is within the time remaining).

2. Plan workload on planning sheets.

a. Project. **(PROJECT WORK CHART).

b. STET.

3. Control phase, note deviations from plan.

a. Change objectives; replan--shift personnel.

b. Keep objectives; corrective action--shift personnel.

4. Administrative Phase,

a. Attempt completion. **(COMPLET1ON SUBSEQUENCE).

b. Record overdue penalty.

1 point per day - Routine STET.

3 points per day - Urgent STET.

c. Record events of the day on Master Sheet,

d. Move to next day until 40 days are complete. (Return to
step I).

** Indicates subsequences and/or charts are available to assist in
performing these steps.
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STAGE III

Preliminary Preparations

1. Assemble all materials from Stages I and II.

2. Substitute MASTER SEQUENCE STAGE III for previous ones.

3. Make 16 copies of sample planning sheet.

4. Record project work as in Stage II.

5. Prepare STET cards as in Stages I and II.

Scenario

1. Group personnel consists of one outstanding, one good, and one
marginal.

2. Play lasts for 40 simulated days although the player may
abbreviate this period if he feels that he has grasped the basic
concept.

Guide Comments

Overti•e

Overtime is provided to give the player flexibility in meeting
commitments. Whil' overtime can be used, there is a diminishing return
to its effectiveness. Too much overtime can reduce a person's effec-
tiveness in performing his work and continual resort to overtime may
well lead to a reduction of a person's performance per unit time in
order for him to stay on the job for extended periods.

Overtime may be used, but the effects of the diminishing return are
simulated as found on the PROJECT WORK CHART and also by lowering the
completion capability of personnel under certain conditions.
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If a person works more than ten hours of overtime in one week or
any hours on Saturday, his completion capability for the following week
is reduced to the next lower capability for both STET work and for
project work. Total time worked per day may not exceed eleven hours
(three hours overtime, eight hours regular). An outstanding person
would be rated good for the following week, good would be rated marginal,
and marginal would have his range of completion lowered by one number in
STET work, e.g., a marginal person working on a task with a coordination
level of 2 would require a dice roll of 2 through 4 instead of the
normal 2 through 5 to complete the task. Successive weeks of more than
ten hours overtime per week does not lower capability below the original
reduction. Assuming a constant ten hour per week overtime threshhold is
a necessary simplification to enhance playability. As is well known,
people have different capacities for overtime work. Some may function
at normal capacity on a 60 hour week while others may suffer degradation
on only a 45 hour week. Assuming the ten hour overtime threshhold is
considered an acceptable compromise between complexity and playability.

Extension of Due Dates

Flexibility in meeting the basic of objective of avoiding overdue
STETs is also achieved by negotiation of due date extensions with the
customer. The greater the urgency of a task, the greater will be the
difficulty in obtaining an extension. Also, the greater the length of
extension, the greater will be the difficulty in negotiation. If the
technical group leader is unsuccessful in negotiating a date that lie can
meet, he may appeal to the customer representative (CR) who will advise
the technical group leader if his extension request will be granted or
if he must meet the original due date.

The sequence of steps that the player follows to simulate this
procedure is ahown on the EXTENSION SEQUENCE and the negotiation phase
is simulated on the EXTENSION REQUEST CHART. While the EXTENSION
REQUEST CHART does not give the essential flavor of negotiation, it
represents a necessary compromise to achieve a simulation that can be

F. used in solitaire play. More than one person is required to learn and
practice negotiation while this simulation is designed to provide a
person with a vehicle that may be used in individual study to expand his
knowledge of the proceasess involved in managing group workload. Thus,
it is felt that this simplification is justified to achieve the design
objectivbs of this simulation.
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MASTER SEQUENCE STAGE III

1. Draw STET card (if due date exceeds end of simulation discard it and
draw again until one is drawn that is within the time remaining).

2. Plan workload on planning sheets.

a. Project. **(PROJECT WORK CHART).

b. STET.

(1) Inhouse.
(2) Oveztime (3 hours per day, each persom maximum).

3. Control phase, note deviations from plan.

a. Change objectives; replan--

(1) Secure extension. **(EXTENSION SUBSEQUENCE).
(2) Overtime (3 hours per day, each person maximum).(3) Lnlft personnel.

b. Keep objectives; corrective action--

(1) Overtime (3 hours per day, each person maximum).

(2) Shift personnel.

4. Administrative Phase.

a. Attempt completion. **(COMPLETION SUBSEQUENCE).

b. Record overdue penalty.

I point per day - Routine STET.

3 points per day Urgent STET.

c. Record events of the day on Master Sheet.

d. Move to next day until 40 days are complete. (Return to
step 1).

** Indicates subsequences end/or charts are available to assist in
performing these steps.
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EXTENSION SUBSEQUENCE

1. Initial planning or replanning indicates that an extension in due
date is desirable.

2. Task to be extended was received today (no extensions permitted
unless requested on the day that the STET to be extended was received).

3. Locate task priority as specified on STET card in column for desired

number of days of extension (5, 10, 15, or 20) on the EXTENSION REQUEST
CHART.

4. Roll two dice and cross index the number thrown with the appropriate
column.

5. a. If extension is granted, modify due date on planning sheet,
proceed to step 6.

b. If extension is not granted, appeal to the Customer Representa-
tive (CR), proceed tu step 5c.

c. Roll two dice and cross-index the number thrown with CR column
on EXTENSION REQUEST CHART.

d, If extension is granted, modify due date on planning sheet. If

extension is not granted, the original due date is not changed.

6. If all extensions have been requested, proceed to next step of
RASTER SLQUENCE.
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EXTENSION REQUEST CHART

TIME REQUESTED (DAYS)
NUMBER 5 10 15 20
ROLLED PRIORITY

R U R U R U R U CR

2 G G G G G G G - G

3 G G G G G G G - G

4 G G G G G G C -G

5 G G G G C G G - C

6 G G G G G G G -

7 G G G G G - -

8 G G G - -

9 G C - -G

10 G . ... .

11 G . .. . .

12 G . . .. . .

NOTES,

G Extension is gr'antod.
- Extension is not granted.
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STAGE IV

Preliminary Preparations

1. Assemble all materials from Stages I, II, end III.

2. Substitute MASTER SEQUENCE STAGE IV fir previous ones.

3. Make 16 copies of the sample planning sheet.

4. Record project work as in Stages II and III.

5. Prepare STET cards as in Stages I, II, and III.

Scenario

1. Group personnel consists of one outstanding, one good and one
marginal.

2. Play lasts 40 simulated days.

Guide Comments

Sub-Contractors

Another factor which gives the technical group leader flexibility
in meeting commitments is the use of sub-contractors. Tasks can be sent
to sub-contractors thus tapping a valuable manpower resource, but it
must be recognized that additional complication can result from the
coordination required, obtaining necessary data for the sub-contractor,
and reformulating the oub-contractor's response into a format that can
be provided to the customer. The farm-out procedure is outlined, step-
by-step, on the FARM-OUT SUBSEQUENCE. The procedure may be somewhat
complex, as it can be in real life, but the complexity should not deter
the player from using this valuable source of manpower when conditions
require it.
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In order to farm-out a task, the player assigns one of the group
personnel to monitor the task and prepare the documentation required to
send the task to the sub-contractor. A period of time intervenes,
simulating the time required for in-house approval of the farm-out
documentation and receipt of the task by the sub-contractor. The player
then rolls the dice to obtain a number which indicates the number of
hours that the assigned person must spend before the contractor may
start work and simulates the need for the person in the group to provide
technical information or guidance before the sub-contractor can proceed.
The sub-contractor then works on the task until the number of hours
specified on the STET card has been performed by the sub-contractor.
The player rolls the dice to obtain another number to simulate the time
required to convert the sub-contractor's output into a format that can
be provided to the customer. After these hours have been performed, the
task is eligible for a completion attempt as described on the COMPLETION
SUBSEQUENCE where further delay may be incurred.

The rolling of dice to generate numbers for the amount of work
required is used to simulate the variable and uncertain nature of
initial effort required to start the sub-contractor and final effort
required to convert sub-contractor output into a reply. This effort can
range from a simple amplification of the task statement to a large
effort to gather information such as drawings, specifications and other
technical data before the sub-contractor can effectively perform the
assigned task. Similarly, converting the sub-contractor's output can
range from simple review and editorial modifications to such things as
clarification of assumptions, identification of constraints on the
solution presented, and other similar time consuming issues. Which of
these considerations will occur for any given task are not generally
known in advance and rolling dice to generate numbers simulates the risk
and uncertainty involved.

After the time has been spent bringing the task near completion,
there is still the internal review before the task is finally completed
as with all STETs. Therefore, the STET goes through the normal comple-
tion process as required for those STETs performed completely in-house.
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MASTER SEQUENCE STAGE IV

1. Draw STET card (if due date exceeds end of simulation discard it and
draw again until one is drawn that is within the time remaining).

2. Plan workload on planning sheets.

a. Project. **(PROJECT WORK CHART).

b. STET.

(1) Inhouse.
(2) Overtime (3 hours per day, each person maximum).
(3) Farm-out. **(FAMjl-OUT SUBSEQaNCE).

3. Control phase, note deviations from plan.

a, Change objectives; replan--

(1) Secure extension. **(EXTENSION SUBSEQUENCE).
(2) Farm-out. **(FARM-OUT SUBSEQUENCE).
(3)' Overtime (3 hours per day, each person maximum).
(4) Shift personnel.

b. Keep objectives; corrective action--

(1) Overtime (3 hours per day, each person maximum).
(2) Farm-out. **(FJtI-OUT SUBSEQUENCE).
(3) Shift personnel.

4. Administrative Phase

a. Attempt completions. **(COHPLLTION SUBSEQUENCE),

b. Record overdue penalty,

I point per day - Routine STET.

3 points per day - Urgent STET.

c. Record events of the day on Master Sheet.

d. Move to next day until 40 days are complete. (Return to
step I).

** Indlcaten subsequences and/or charts are available to assist in
performing these steps.
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FARM-OUT SUBSEQUENCE

1. Assign task to one of group personnel.

2. Person spends 2 hours (planned in normal way) preparing farm-out
documentation.

3. Two days elapse (task in transit to sub-contractor).

4. Roll two dice, this number is the number of hours that must be spent
by the person assigned to the task before the sub-contractor can start
work (these hours are planned in the normal way).

5. Sub-contractor starts work on the day following completion of the
hours in step 4 above. The sub-contractor works at the rate of 8 hours
per day per man allowed on the STET card until sub-contractor hours
equal the number of hours specified on the STET card.

6. On the day that the sub-contractor completes his work, roll two
dice; this number is the number of hours that must be spent by the
person assigned to the task before completion may be attempted (these
hours are planned in the normal way).

7. After these hours have been completed, the task completion may be
attempted as for any STET according to the COMPLETION SUBSEQUENCE.
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EXAMPLE OF PLAY

A stage IV simulation is picked up on Monday of the third week for
this example. STET 1#26, #1l, #/17, and #27 are carried over from the
previous week and STET #22 is drawn from the stack. The player decides

to put "A", "B", and "C" on the project to complete the hours required.
Hours worked and hourn contributed per day (with running totals of hours
contributed) are platined as shown for Monday through Friday (see PROJECT
WORK CHART). "A" needs 2 more hours against #17 (which is due today) to

attempt a completion, and the player plans these two hours. Although
1#26 has been in hand since last week nothing has been done on it to

date, and it is decided to farm it out through "A". "A" puts in the 2
hours required to send it to the sub-contractor where it will arrive on
Thursday (when a number of additional hours must be determined for "A";
see FARM-OUT SUBSEQUENCE). "A" also has #1 which he previously worked
on for 8 hours and it is planned that the remainder of the 8 hour day
will be applied to #1 bringing the running total to 12 hours on #1. It
is further planned that 4 hours will be spent on Tuesday to put "A" in
position to attempt a completion which is indicated on the sheet as
shown.

STET #27 has been previously farmed out through "B" and the sub-
contractor has four people (as allowed on STET card #27) working full
time through Thursday when #27 will come back to "B". This planning is
indicated through Thursday. In that "B" has no other work, the newly
drawn #22 is assigned to him and 8 hours on this task are planned each
day through Wednesday when "B" will attempt a completion.

At the end of the planning phase on Monday, the planning sheet will
appear as shown on the example sheet. After reviewing plans and confirm-
ing that he desires to implement the plan shown, the player proceeds
through the master sequence and attempts a completion for STET 1117. The
playcr locates the outstanding capability of "A" with coordination level
of 2 for STET /17 in the appropriate column of the COMPLETION CAPABILITY
CHART. lie then throws two dice obtaining a number "6". Cross-indexing
"6" with the column ha finds that the STET is completed, and the small
"c" on the planning sheet is circled to indicate this occurrence. If a
9, 10, 11 or 12 had been thrown, the task would not have been completed,
and the dice would have been thrown again (suppose the new number wab a
4, this throw would require that "A" spend 4 more hours on 1117 before
another completion attempt could be made, and in view of the fact that
urgent STET 017 is due today, it would go overdue at a cost of 3 penalty
points per day overdue until finally completed).

The player now records the plan as implemsented for Monday on the
ms ter sheet (the master sheet is the same as the planning sheet but
records only final decisions day-by-day and is not used to plan in

advance as was done in this example on the planniung sheet).

The player proceeds to Tuesday, draws a STET card, and plans,

replaas, or takes corrective action as necessary to meet the current

circumstances.
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APPENDIX B

QUESTIONNAIRE

1. Name and organization (optional)

2. level iv the organization (check one)

- Higher level manager
Second level manager (supervisor of first level managers)
First level manager (supervisor of working level)
Working level

3. Do you think that this simulation would be an effective tool in
developing working level personnel for management of the workload of a
technical group?

_ Yes _ No

4. Do you think that other training methods such as lectures, case
studies, role playing, etc. would convey workload management concepts
more effectively than this aimulation? If so, what other methods would
you suggest (use back of sheet).

Yes a No

5. Do you think that this simulation would be a valuable tool for
management development if included in a program including this simula-
tion with lectures and other methods?

__ Yes a No

6, How would you rate this simulation as to complexity? (I t too
simple, 5 - about right, 9 - too complex, other numbers can be used to
express an' opinion between these).

- 2 '3 4 __5 6 7 -8 _9

7. How much time did it take you to play this simulation?

_ Hour(a)
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8. How many times did you play the simulation?

9. Do you think the simulation would be better if it were more complex

and took more factors into consideration at a greater level of detail?

Yes No

10. Would you advocate having prospective managers take a short develop-
ment program including lectures, this simulation, case studies, etc., or
would you advocate on-thejob training without a prior short program?

Advocate short program prior to on-the-job training
Advocate onthe-job training only

11. How would you modify the simulation to be more effective for your
own use and for use in a management developmenc program? (See back of
sheet).
12. Will you continue to use this stimulation to study management of

group workload?

Yes __ No

13, Did this simulation reveal anything to you about how to more
effectively manage group workload?

Yes No

14. If you have any additional cosments, feel free to include them on
the back of those sheets or attach additional sheets.

Please return to: J, P. Hope
Naval Ship Engineering Center
SEC 6131
NC 93 3S12
Washington, D.C. 20362

Thank you.
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